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Theory Of Nothing (How everything works & How it was created from nothing(By Guy Abitbol):
1-Nothing, shape&space with existence contradiction,is always being created| |
(with any relative velocity);{This step is the only non rigorously proved step
due to Go6del’s incompleteness theorem;
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Velocity(V) of Cluster's(l;=,="13/2) |[Created 2* creates cone
Axis: [100;0;0] or [0;0;1], world at 1087, ©=5.3°; about L
frame position at time t(S,,1(t) or prery T.=1.042
Swa(t)); at 20 time points(dt=T;/10);
le—swltt"'dt)‘swl(t)r or
Vw3=sw3(t+dt)'sw3(t); Vin=Vmax;
Vw1[100;0;0] Vws[0;0;1]
U U U |
V(1) [v(2) |v(3) [V l|V(1) |v(2) [V(3) |V
-4.9| 30.9( -2.6] 2 0.040(-0.041| -0.002| -2|

I1.=Iz=“'13/2: Cluster 10-When the cluster collide with Gs,it bent them at the
famaptcoones collision point,rotate them about z& xy axis& throw them
1stround:0,T./3,2T./3, . . i +/- +/- .
214 round: Ty, with high speed creating G,*/"&G, */"which we call E&BJ
3% round:2T; {ERSCERCNENEGHEEICNEIeNG : BHEEGE -, (create G, }

11-Over time all the clusters in the universe throw G,*/-
& G, */~ on each other, which cause them to:attach/detach
sub-particles, change orientation & L,. The equilibrium
of these collisions create types of clusters differing
in the number of their sub-particles; The more the sub-

zz . -.1.3 | ooctl o0zel-o0s| 1 7 Rotating frame articles, e more e inner movemen resistance, e
14| 28| -2.3| 2||| 0.056|-0.009(-0.004| 1 Carbon Fiber style ticl th th ts t th
- 2 -1.8| - X X X = 1

28| 12| -1.1]- a — cluster has ;But all clusters are asymmetric & have
;i :;; _;': : °-£ 0.051 ”'x ZE,E e*/e creates G,/ (+/-electric field) I.=T,=3sI. | (I-»)I' e 0

o e e | e e e [ STl Logs|>> Loy, | (RSN |
ol 1| | Eonssliomedl ones 2| 2 Stepl0a,b,c,dProof.m e S Dot

28 -15| 1.17| -1|||-0.08| 0.008] 0.004|-1| O High _ 12-Because the clusters throw many G’s on each other,G,,,
-22| -22| 1.79|-2|||-0.051|-0.026| 0.005| -1 % lwal increase/reduce|L, |of small/large|L,| clusters. Such that
_;1: :;‘: ij: :: ‘:'g j'g g'xz“ :i‘a ‘ at equilibrium all cluster|L,|=constant;&as T;=2nI,/|L,]|;
5.36| -31| 2.49|-2||| 0.040|-0.041|-0.002| - 8 For same type clusters{same I ;e.g.

14.8| -28| 2.23|- 0.056( -0.009| -0.004|

-}Z+(=Zr*w:component of body Z* axis taken along ,)always
align with world frame Z axis(z',)at the same time (t=0)
&their X* (X, * )has been aligned with X* ,at same specific
time point(in inferred past). However, different e’s have
different L, direction; Thus, all z*(t)/zZ*(t,) {Z,', at all/
Ly values (balls)Z
L specific time}reside in spherical dome/zone;& the e/e* L,
Spherlcal is also restricted to spherical zones (one for e& one for
- e') ;There’s transformation between any spatial direction
(L,) to spherical zone direction(L,) For e:L,(a,0;)=|L,|L(
a,0;); Ly(a,0;)=[sinPcosa;sinPsina;cosP]; p=Pp,+6; (B,—B.) /m;
0<a<2m;0<6,<n; B, P,=constants{unknown in range:0°<B_ <BLR <
30°; Lg=unit vector in spherical zone B_, B, given to any
direction o, 6;}Quantum mechanics mistakenly predicts that
L,(a,6,)direction is NESISINONSSE NGNS : rox <

22.8| -22| 1.75
28.6| -14| 1.09
31.4| -4.1| 0.34

31| 5.84( -0.4
27.5| 15.1] -1.1

0.051| 0.026|-0.005
0.026( 0.051|-0.004
-0.009( 0.057|-0.002
-0.040( 0.041] 0.002
-0.056| 0.009| 0.004 -
21.4| 22.7| -1.7 -0.051(-0.026| 0.005| -
13.3( 28.1| -2.2 -0.026(-0.051| 0.004 -
| 3.96] 30.9] -2.4] 2|} 0.009]-0.057| 0.002|-
Stepl2a,b,c,d,eProof.m
See table page 5 for:
@y, 0, ,L,,L,,B, values
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Hericar 4 BY |spherical | |Magnetic field=B,=p=-Lg;{L,=I,00;1,=[I,,0,0;0,1,,0;0,0,1,];I, =1/
Spherica | 1,,0,0;0,1/1,,0;0,0,1/1,]1;w0,=I1,7*L,=|L,| [sinBcosa;sinBsina;cosp/2]/I,}
one where Z*(ti) |15 If 0;=0: B=Ba; ¢ + 2) re N i
7 (3:/5C pecitic tineican be ki For e*:L,(a,0;)=~|L,|Ly (o, 6;) ; Eiee S S noes eSS nosanouN
Bles o7 whgra: Baicpnr JBiias tian et e | Lu(@,0:) =1Ly La (@, 8,) ;

I I \
" v e 7‘7\?7\\ pa<ﬂ<ﬁbl 15 ff enz=n :0 ﬁ=0‘5ﬁb; X -;For e*:Bu=11=Lq;6=acos(Igmos/lel )=B;{For e/e’: wyy;=+/-1}
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13-While e*/e contains many bended edges (as e'/e contains many Gs), G,*/- Collision Response: n=normal;I=I =Inertia tensor
contains only 1 bended edge(as it contains 1G) ; & because collision at CM;I&w in rotating frame,rest in world frame;
response is dictated by the collision point, we can see that when G, R=transform from rotating to world frame;
(created by e)collide with e it repel it from its source(e); & when G, _(TA,TB,IA,IB,n=constant) ,_
(created by e)collide with e* it attracts it to its source(e);by symmetry | (M,,My=constant)F=F,3;=-Fp3,=|F|n; J=J,5,=/Fdt=-J,,,
et attract/repel e/e*; Explain Property#l:Like Charges Repel & Opposite | =n[|F|dt=nj=[p’zdt=p;(t,)-pg(t;)=Myvy(t,)-Mv;(t;)
Charges Attract;& F_=q,9,r%/ (g,4n|r|?); E,=F_/q,; {F.=Electric force on charge | =MV ~MpVy; Vg =Ve+in/My; v, =Va-jn/M,; f1,dt= T;xF,;
q;; E;=E on q;; r=vector from g, to g;; r¥%=unit r; g,&g;=non overlapping spheres | dt=Tyx [F,5,dt=T xJ=[L' dt=L;(t,) -L;(t,) ; Rs-l (TpxJ)=
stationary with respect to each other; g;=electric constant}; |F |x1/|x|?; (= Ryt (Lg (ty) ~Lg(t;) ) =Ip0p.~Ig0s; Q=R 1 (T,xn); Q,=R,*(
proportional)as G,*/"are geometrically diluted in 3D space (Sphere r Surface | Toxn); @5 =0x+jIz1Q;; ©@,=0,-jI,"1Q,; v, =ven=amount
Area=4n|r|?) ; The bigger the g the more of v in n direction; Coefficient of restitution=
G,"/"that don’t cancel each other; {Bug G.” collide €= (Vaen—Vacn) / (Van—Ven) = ({ Ve +Rp05 . XTp} @n—{ v, +R,0, XT,
of classic theory: if |r|=>0 F2>m;But we }on) / ({va+R,0,xT, } on—{v,+R,0;xT;}®n) ; {& determined
know that any interaction between 2 experimentally; é=1; (elastic;rubber;no energy loss{
particles: 1)is finite (even if |r[=20); o, ass=  Fp aspdt=Jp’ | pdt=Myvy  ~Mpvp, ==J, s3a=— (MyVy,~MaVy,
2)significantly changes when |r| becomes )sas all on n:My|ve., —ve, [=My ([vgo = [ve, [ )="M, ([Vay =V
smaller than their size (except o) P W asp=N A SF i anp (T (£) ) @rg; 7 () dt}=){ My;as;,0V5;d
gravitational interaction) } t}=N{3aMg; f (1 Vg, |2) " A} =My | v, |23y | v, | 2=—W, p5,=— (33,

ower

E direction at point is along/opposite| ", .5 [ Vacn | 2=2M | Van 12) 5 My (1 Voo | = 1 Van 1) (1 Vaen |+ 1V ) ==M, (| V.,
to G,*/G,” flying direction at that owerful _ isi [ =1V, 1) (I Vo, [+ 1va, ) ;divide green: (|vg., |+ 1vg,|)=(1vVa.
point; ___ z JIHIva )7 all on n: Vg~ Vacn=Van—Vgat) s €=0;
G,~ - : Gz (plastic;clay;all energy converted to heat/
(; z Lower G;” collide . Lve for 4. NESmEmmD
collision| with bended deformation)}so ve or _31—(e+ ) {_(YA_VB).
n+0,00,-0;0Q:} / {M, *+M; " +1,7'Q,00,+I,7'0,00Q,}

is less
powerful

edge of e*

;{If ellipsoid: I'=[5/(s,%+s5%),0,0;0,5/ (s,%+
$32),0;0,0,5/ (s,%+s,%2)1/M} If collide:

j=positive; So n dictates V,.; Stepl3a,b,
c,dProof.m
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10 Timeframe:0,T./10,..; of
cluster(i=l=~12)Ww & Wp if Wo:
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10 timeframe from 0 to T,; w,=w, components perpendicularto L; B,; L,; wg; B4=0.04647=2.7°; Bp=0.1394=8"%|L,|=3056402.465;1,1=l,=507389.65; l3=1014404 3;
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3.047
3.034
3.018
3.005

0.50
0.53
0.45
0.29
0.12
0.00
-0.02
0.06
0.21
0.38

-0.25
-0.08
0.07
0.15
0.12
0.00
-0.17
-0.32
-0.40
-0.37

3.000
3.005
3.018
3.034
3.047
3.052
3.047
3.034
3.018
3.005

1.5 Wp1

Wpe

Wp3

Wpq

Wp2

Wp3

Wy

Wpaz

Wp3

Wy

Wp2

Wp3

Wp1

Wpz

Wp3

Wpq

Wp2

Wp3

Wp

Wy

Wps3

Wp1

Wp2

Wp3

0.25
0.27
0.19
0.04
-0.13
-0.25
-0.27
-0.19
-0.04
0.13

0.12
-0.05
-0.20
-0.27
-0.25
-0.12

0.05

0.20

0.27

0.25

0.026
0.021
0.008
-0.008
-0.021
-0.026
-0.021
-0.008
0.008
0.021

-0.25
-0.27
-0.19
-0.04
0.13
0.25
0.27
0.19
0.04
-0.13

-0.12
0.05
0.20
0.27
0.25
0.12

-0.05

-0.20

-0.27

-0.25

0.026
0.021
0.008
-0.008
-0.021
-0.026
-0.021
-0.008
0.008
0.021

-0.28
-0.15
0.05
0.22
0.31
0.28
0.15
-0.05
-0.22
-0.31

-0.14
-0.28
-0.31
-0.23
-0.05
0.14
0.28
0.31
0.23
0.05

-0.034
-0.027
-0.010
0.010
0.027
0.034
0.027
0.010
-0.010
-0.027

0.21
0.11
-0.04
-0.17
-0.23
-0.21
-0.11
0.04
0.17
0.23

0.11
0.21
0.23
0.17
0.04
-0.11
-0.21
-0.23
-0.17
-0.04

-0.019
-0.015
-0.006
0.006
0.015
0.019
0.015
0.006
-0.006
-0.015

0.12
0.25
0.27
0.20
0.05
-0.12
-0.25
-0.27
-0.20
-0.05

-0.25
-0.13
0.04
0.19
0.27
0.25
0.13
-0.04
-0.19
-0.27

-0.026
-0.021
-0.008
0.008
0.021
0.026
0.021
0.008
-0.008
-0.021

0.25
0.13
-0.04
-0.19
-0.27
-0.25
-0.13
0.04
0.19
0.27

0.12
0.25
0.27
0.20
0.05
-0.12
-0.25
-0.27
-0.20
-0.05

-0.026
-0.021
-0.008
0.008
0.021
0.026
0.021
0.008
-0.008
-0.021

-0.25
-0.13
0.04
0.19
0.27
0.25
0.13
-0.04
-0.19
-0.27

-0.12
-0.25
-0.27
-0.20
-0.05
0.12
0.25
0.27
0.20
0.05

-0.026
-0.021
-0.008
0.008
0.021
0.026
0.021
0.008
-0.008
-0.021

0.25
0.27
0.19
0.04
-0.13
-0.25
-0.27
-0.19
-0.04
0.13

-0.12
0.05
0.20
0.27
0.25
0.12

-0.05

-0.20

-0.27

-0.25

-0.026
-0.021
-0.008
0.008
0.021
0.026
0.021
0.008
-0.008
-0.021




14-As|w;3|>>|w;,,| different e/e* have roughly the same +/-w,, but very different
@, ,; SO while e’s w,; creates only G,”; e’'s w, , creates different ny“/‘each time;
The e’s cluster facet that create G,* return to its position each 2T,, but in the
direction of B,, 2G,'s are thrown each 2T (created by different facet); Thus, with |
average cluster orientation,2 same/opposite B, e’s positioned along B, attract/ |,
repel twice stronger than 2 opposite/same B, e’s positioned perpendicular to B ;

7 time frames (dt=T./3s)of 4 Cluster
[Thick=1] (without new attachment; Ii=
I,=~3/2)rotating with @ (0) :
[0:-5:0..25:3]
[<0.5:;=0.25;31
.25;-3]Z
[-0.5;=0.25;=3] |

M e & e* with same B, have exactly opposite L, & thus the same average cluster _
orientation; Therefore they behave the same in B;M As X' (sY")of e/e' return to its|;
position after 2T, s;n=n_4~1,3,5..;& n=n_,.=2,4,6..; represent different phase; |
Quantum spin state consist of:L, (2B, L,, 0, & phase(n,/n,)but only L, (v, effect B&E; |

Color Gradient:
light to dark
indicate first

Xt.Z¢r of 1=t
round Drawn
Longer

/ LWQ Stepl4cPr wa Ho=4n| 4
: oof .123dx g=no/ (4m) ;
- Fbl Tb—Fl T
e's Ly & Bullla exerted by
=t in opposite Ha. on 1
Je cluster's XT PP

movement where direction

mo—[O 50, 25 31

Repeled

to last time
frame;

Each Z* create cone 6=5.3°;
about L every Ti=1.04s;
(oo

40

Stepldb, ,, |
cProof.m

-20

ui- F,Fp H H
a wouos |F. r =
= 4. =1. =0 * b
Fb ualublsg/lrl r =Ty 0; Fb=ub|pa|6g/|r|4; Ta='|;b=0; —

“hit e in opposite direction of

**W?“z

Fo=r"|pal Ipp139/ 12 1*; 1=1.=0; Fyf} Hb -

Gx*/~hit parallel S N e rotat:l.on N S
1, 8to L.'s average and thus Hp Fyir Different Z
g "“Mcluster orient- L grab it Fi pa Colored Arrow=L, ( _
Lya (Magnetic
= ation, thus it's F. 1 Fp=-r"|Hal |1l 3 correspond tole North in X-)
a A g/lx|*;ta=1=0; of XYZ*/~; colliding with: WoLL09

_repeled by vr

JI1...(Magnetic

/ North in x-) OF

L,p(Magnetic
North in X*)




e Quantum spin state:|+n>=[e("i*/2)cos(0/2) ;ei%/2gin (
0/2) ] ;corespond tO:Lq(e,(p) {for universe (unknown)constant
I,,B., By B=P,t0 (B-B.) /um;L,=|L,| [sinpcose;sinPfsine;cosP];
I,=~2I;;w,=|L,| [sinBcose/I,;sinpsing/I;;cosB/I;]}&n, phase
(X*&Y* of e return to its position) |-n>=[-e(-1%/2)gin(6/
2) ;ei%/2)cos (0/2) ] ;corespond to:-L,(6,9) & n phase;
B |+/-n> derived from L operator, derived from P & r
operator,derived from W(r,t)=RAexp (i (per-Et+¢h) /h);
Satisfy 3D wave equation:32f/ot?=|v|2Af; (Af=02f/0x?+3°f
/oy*+32f/9z2} & travel (¥ shape) along p with |v|=E/|pl|;
& Satisfy: photon:E=hf; &quantum particle: A=h/|p|
{so E/|pl=hfA/h=fA=|v|}¥ also satisfy Simple Harmonic
Oscillator equation:d?f/9t?=-C2?£f; C=E/h=2nf; [rad/s];
Which is also satisfied by the w,,&®,, of cluster with
I,.=1,(d%,,/dt?=-C?0,,; d?0,,/dt?==C%0,,;C=0,03(I,-T5) /I;
Real solution:w,.=[wycos (Ct)+wy,sin(Ct) ;wy,cos (Ct) —wy;sin
(Ct) ;wg3] 7 & Complex:w, =[w,exp (1Ct) ;w0 gexp (1Ct) ; w,93] }
W=Aexp (inn) exp (-iEt/h) ;n=2 (per+¢h) /h; If n=odd|even
than exp(imn)=-1|+1; Thus ¥ describe cluster motion
&phase (n_ /n.;interaction potential) ;C=E/h=~—mr03;

Twice Gg,*/"in
direction of B,
Give: T,=2Ty

Fa

N &

<N S .~
G

B Y

'[ab lFb

Fp=-H, |1, 13g/ | x|*; FRONT i

H+
T,=H. X9/ | X |3 F effected Gx
by Average e orientation
& Gyuy'/"flying direction

F

Fa=-Fyp;

3

Fpr=F4=-Fdg,,*/- average
= direction=%By

L\«
Ha

pc ”c
Fa=-PalB|3g/ |2 |4;¥Fd
TR PG/ X125 Tg=21,
Plane perpendicular
to L, = Average

Cluster orientation

1, F="Fbi | FRONT i ?
o
Hp
+ N S
U
E‘a Q;ZTbG

Fo=-R.In,13g/1z|*
=R X1,/ |13
Ho=4n10"7;g=pno/ (4n) ;

BeEween Avera:
P

Fo=p,|n13g/1x14;

T=Ha xR g/ | X135 1,521,

F_t1.=21, Fu| 1, =F| Tt exerted FRONT Stepl4bPr
H. -t\tb ] | by M. on Pu; oof .123dx
| rigt:
reiN s Bordo/ /Green/ /Blue/ Arrow=L, correspemth
Hp to e Lq=[—1,'0,'0]/ /[0;-1;01/ /[0;0;-11/ W (z1, to)
- lFb - \ Average: e b N @
a . .
Fy=-W.l11,13g/ 1z |* L,=[0;0;31]; gri/e_lzl-tatlin.& NS
1=R.xppg/ |x|3;  |has o options in xy  CGlrection r | <é/
n:[ata—2'th angle B_./B, From 2z* affe(_:t_ T
T ¥, collision Ha &
Hp N S Lya Lya Liya b Stepl4aProof.123dxpoint; .
~ = ; or / If e stand in the middle between Z same B, e’s i
Ha n b N = Fiy (homogeneous B)it feels 1 but no F; But if e stand .
i E'alu {397 [z i in inhomogeneous B(e.g.near le)it feels Fé&changing . |Emereauce of P dn
5= Palbe ; f ; it/ - i -B: SRR B2 s er netaon @ dte
tb=paprg/ | rla; T which cause it's Bu to allgn with B or B/ Fo=1p3|1.19/ | x|%; |interaction pot:ntial)




B e&e* with same B, feel the same 1 in external homogeneous B (B,) ;
but because they have opposite L,, their L, precess about B, in
opposite direction (B&-B) ;this is 1 induced precession (Gyroscopic/
Larmor precession), in contrast to the 1 free precession (nutation)
that described in page 32; so e&e*in B, have both 1 free& t induced
precession;M In quantum mechanics L, is called S; L, can precess at
the same angle for infinite time; An interaction with another
particle is required in order to change the precession angle

{1t perpendicular to L,(efective L,) at all times}H Total S&p cannot be
measured but for e: S,=th/2; (n=1.05571817646157*1073*Ts) ; RB,=-1. 760859630234
135*1011S =yS,=5,9.9/ (2m,.) ; [J/TIp=Sg.q/ (2m.) ;In B,=B=[0;0;B,]; S precess
about B with @ =-y|B|; S,,=S, (0)e™* YIBIt; {5=5 +5 ; I=p><B=\/SXB:v|B| [S
S,;0]=8"; 8,’=0; since S’=ySxB=Perpendicular to B;S’'=S,"+S,, xy FWE can
write S,,=S,+1S,; So S,,/=S"=vI|B]| (S,-18,) —l\/|B|SXy}.If |+n> part1c1e is
in B,=B=[0;0;B;];its quantum spin state change with time: |¥(t)>=[exp (-
i(p-B3yt)/2)cos(6/2) ;exp (i (¢-Byyt)/2)sin(6/2)];e/e* L, precess about
B/-B every:t,=|2n/(B,y) |=2n/w,;s; but while L, return to its value

after 1 precession circle(t, s)the spin state return to its wvalue
Fr=—Halpp13g/1x1?%;
Tp=HaXPsg/ |

circles (2t s) ;Thus
t,=n_ T,; But in B&E
|W(t,)> act as
=leffect E&B; ¥ (2t;) >=|
[+n>; | <m|+n>|?=|<m| ¥ (

| -n>{ [<m|¥(t,/2)>

Stepl4apr/have the same L. ;
g=po/ (4m) ; po=4n1077; oof .123dx|{but |¥(t)>#|-n> for |"wi
Larmor Precession Y L + any t; Because t=t,/2

. of e* B ’ L

e tlirection| ot —qO e is needed to get -IL,
~ =[0;-1;0] | Lq(At)},¢ t=n.T;; needed to|=
X = + L, of et Byoet n_ & ty/2=n.T./2#nJ7
L, of e B, Lg(At) z¥ larmor =[0;-1;0] % n,#2n.=n.} | +n>>Ll..
=[0;1;0] I lerecessio Tg [§n.; |-n>>-Lesn,; |
Lq(At)=New L - : - |+n>>L_&n_; -|-n>P-1

: irection ’ 7

after time At= © T=AL/At e

only after 2 preces

| +n>;

-------------------- ~ Lsi 9=tanA
T o sin
Precession and aXI_Sh 1sh réleasedl AL ¥ 1 sin AQ
nutation pattern e n Vieonn o cos AP
backward impulse| a
Electron' SAB H:& S;opposite Hu precession angular
Sfprecess in B direction velocity of a spinning
.| Direction of | tap is inversely proportional
— AS = precession | (o its spin speed.
At | A precession
radius*arc [AL=ALC = P o
_lsisinfA¢ | *Radius Ar  velocity
T A1 i AL [ 7 | mgrsin®
dé 1l | 7 AdLsin® |Lsin® Lsin®
w =—=—
s I I/lrmoA d[ |s|sm0 ’)I q}_
B in back, b — C
t align/y |‘r|=|,u xB|=|u||B|sin@ p= Io
e _InliBl_
. ..'y : |wlx:rmoA E]] g=gravity of
sionly | N 1SlgdglIBl_ . Earth=9.8 m/s?
G : A omensi lever arm = rsin®
p I TP 2m.[S| AL
2 ! ™ _IBlgsldl torque = T = mgrsin@ = —
........... 2me Ar

{only coo(éL )
+n>; |¥(t,)>=-

t,)>2}If 9=n/2,
|¥(t,/2)> act in B&E the same as
|2—|<m| -n>|?}as they

[ Same as form'er picture

20 Time frame of:Lg{arrows}&Lya{balls}
precess about B,=[0;0;1] {thick arrow}
And Lgé&Ly precess about Bp=[0;1;0]
Lga (0) =Lg (0)=3"/2[1;1;1] ; {Black}
L Ad )

unchange

B=2n/ (200;) ;

- @ atqu(l//x/

Step14d,a
eProof.m

For Positron
B&S in the same
directior}é

S precesses clockwis
about B; (about -B)




15-E (G,"”/") interacts with e charge (w;), but
not Spln(®1/2) ;B(G,,"") interacts with e spin
(w,,,) , but not charge (w;); But if the e move
in a static B it experiences an effective
G E, this is Lorentz force=F,=quvxB_=Magnetic
f&ge_n:ia;ﬁ b];::: force on g[cimoving (v[m/s])through External
T e Magnetic field(B_[Tesla]);All Lorentz force
v of Gy (vg)1is more . .
situations can be explained by simple

Orientatio
A& L, of e

: that .==
= generate G
A [1;0;0
%

GxT&Gy~ at Y~ ; But
Gx~ participate

Circular opposite to the e o . at the most
Arrowy tangential v(v:) at |COollision resolution see Stepl5Proof.123dx
=Averdage e L,/the most 7 . collision point
/ FRONT -BRi . . R
Hexagonal /powerful 16-Biot Savart law: A r as its vg is more
ALrow=Fy collision point __ Bi=10'7qVXru/|r|2; SEEcS BNV e te
(so it collides _ | Moving (v[m/s])q[C]generates
lntern?'l Magnetic field
The most powerful Magnetic This is the point  of the moving
collision point is . at which we want  point charge
P P & + Fleld to find B. "~ +
dictated by first Y (B, [T]) Average e Ly
' = Arrow is into,
+
encounter due to VA at r(m]; wall
Point '\ : 3 at 2
charge g \ ' GY (vg) is more opposite to v
\ G (so it collide
Z"' Y more strongly)
corner /.\ Veloci f it = + +
elocity of the =
Flor charged particle ¥ | uf .GY

Due to r,v & et
L. most G/~ a
r are G,* with
¢ that match

=[1;0;0]

Due to r,v & et
Lw most Gy~ a
r are Gy~

QAvéEage
et L, & Fy
Arrows are
into the
page
Average e’

Orientation
Here G,' participate at the most

powerful collision point as its
Ve is more opposite to vy there;

that §
generate

Orientation

[¢]
——H




Classical prediction“

Experimental result|

omogeneous B

17-Stern Gerlach: If we fire e through inhomogeneous B(|B North|>|B South|; near 1le), the
ny“/‘emitted from B collide with e & cause it to feel F & changing t/-t(due to F; +/-1
depend on the collision point),which cause the B, of e to align with -B/B;{if it’s homoge-
neous B(e in the middle between 2 same B )there is no F & the 1 is constant, so e’s S precess
about B, (Larmor precession)} When its B, align with -B/B,t1 is no longer exerted on the e, &
it is attracted upward/downward (with same magnitudesshifted to the left due to Lorentz F);
|Thus beam of e’s in inhomogeneous B create 2 distinct parts & not continuous smear;
|The probability that the B, of e will be align with B is p; p depend on ny“/‘ collision
point, which depends in what amount B, goes in the direction of B=B,eB=cos (a) ; {a=angle
between B &Blbut -15cos(a)=<1l; converting to probability range (0>1; 0<l+cos (a)<2)give:
0<ts+'scos (a)<1; &by trigonometry identity: *+':2cos (a)=cos?(a/2); so p=cos?(a/2) ;& the
probability to get e with B, in -B direction is 1-p;{ (number of e’s with B, in B)> (number
of e’s with B, in -B) by very tiny amount (due to neighbor e’s B,); thus magnet that contain

Ho

many e’s always align with B(& not -B)} B Fbpb
<8 v s

Fp=p,|n,16g/1x|?%; 1,=1,=0;

S N
F
ta=1:b=0,p

M\

-
Fal - r
Fo=p,ln,16g/lx|4;

direction of *B,
Give: T,=2Ty,

Fr=-H, 1,1 3g/ | x|*; FRONT

by Average e orientation
& Gxy'/~flying direction

Gxy'/~ Average
direction=%*By

LY
Ba

Fct
< N SL
C

ntc -
Fe==Balnc13g/|x|%;¥"d
T=RaXBg/ 1 T3 tg=21,;

Plane perpendicular
to L, = Average
Cluster orientation

-t

1,=R,xpg/ | T13; F effected Gx F
b

Fa=-Fy;




18-For Homogenous B=[B,;0;B;]; The probability to get |-Z> from
time evolve |+Z>=|<-Z|+Z(t)>|%=p(+>-)=B,;%2/|B|%sin?(t|B|y/2);
Y=g.,d/ (2m_) ; The evolution is due to Larmor precession about B;

For Homogenous
|<-Z|+Z(t)>|2=0;

B=[0;0,B;] :
|<+Z|+Z (t)>]2=1;

L~=[0;0;+|L,|]; remain [0;0;+]|L,|]; during the precession;

|¢1rD

p (+—=>-)=B;1?/|B|%sin?(
tIBlgsq/ (4me) )

|<-X|+4+Z (t)>|%2=*%; |<+X|+Z(t)>|%=*%; During precession
L~=[0;0;+|L,|] become closer to [+|L,]|;0;0]; half of]
the time & half of the time to [-|L,|;0;0];
|<-Y|+Z(t)>|%=2; |<+Y|+Z(t)>|%=bs; like X;

For Homogenous B=[B,;0;0]:

|<-X[|+2 (t)>]|2=22; |<+X|+2Z(t)>]|2=s;

L, remain 0 during the precession; Thus equal
probability to flip to |+X> or |-X>;

|<-Z|+Z (t)>|2=sin? (tB,y/2) =*2-*cos (tB,Y) ;

{If t=2n/(IBly); p(+2>-)=0;

If t=n/(IBly); p(+2-)=B,?/|B|?=sin?(a)=cos?((n-2a)/2)};
L, changed periodically during the precession; Thus

WZ

Each n/(|B|y) s it become closer to [0;0;-|L,|]] & each}o
2n/(|IBly) s it become closer to [0;0;+|L,|]; similarlyj},

|<+Z|+2Z (t) >|2=cos? (tB,Y/2) =¢+scos (tB,y)
|<-Y|+Z (t)>|?=*e#*sin (tB;Y) ; The act of separating
|<+Y|+Z (t) >|?=*s-*ssin (tB;Y) ; |+D> and |-D> create

precession about D,
which make distance to
+A or —A equal, where A
is perpendicular to D;

20 Time frames of e's L,=Blue

balls; precess about B=[|B|;0;0]
L,(0)=[0;0; |Ly| ]=Black ball;

£:=2n/ (200;) ; DACHETTSNETEYE
-4

a,b,cProof.m

H"h_ Stepl8

Balls=e possible Ly values

\ . Thus:
\ = ~(sin(t) +1) v Zy v Zy
I.' \ .‘II i ( t ‘ Z axis —@z_ Zaxis pF---------= No s ~ T
‘ - s-a - e o
-1 (1=sin(t)) 7 axis z—,@ T axis T
| ¥ I\t Z+ T4 2t
VAW \J \ ot ot \ N Reaching t S-G S-G S-G
| 5 -Source — & 5 il
p=1 one after the other Fods | Feds | Fexis =

o Ly values correspond to:
Ly~=[0;0;+|Ly|] & Ly=[0;0;-|Ly|]

rrespond
to rest

R c.g.




19-G particle is created by a powerful collision of 2 non-
existing spheres; & thus, having a maximally thin oblate
spheroid shape. When it collides with e, it bends, such that
it has plan of symmetry. & the normal of this plan is its
®w,; Because this plan of symmetry remains plan of symmetry
during all of its motion, its o always align with its L,
(products of inertia in w, direction are 0& remain 0; I,, never
changed;L=Iw) & |L|=Iy;0y,;=h; This formed bended G is G, ;

B j_=biggest magnitude of collision impulse that cause no
deformation when e* collide with G; In our universe:

j=M; (c+v,,) =constnat; {M;=G mass;v,=speed of G}Thus the speed
of G that j_ cause=c;{Because if: G=A=Ellipsoid[s;=s;=r;s,=0];
Mg=M,;G,"=Ac; e*=B=ellipsoid[s,;=s,=R;s;]; Vy=0,=[0;0;0]1;V,=[0;-vg;

01; ws=[0;0;-w];No orientation; n=[0;-1;0]1;T,=[r;0;0];Tg=[-R;0; L=I[0;0;03]=[0;0;TI,;03]

Collision response (No deformation) :

Tp(t,) #Ta(t,) ; & Ig(t,)#I(t,)

(0,I in rotating frame,rest in world frame)
I=[5/(s,%+s42) ,0,0;0,5/ (s,2+s5%) ,0;0,0,5/ (s,2+s,2) ] /M;
R=Transform from rotating to world frame;
n=unit normal; For elastic|plastic:
€=110; Q,=R,'(T,Xn); Qz=R,!(TyXn) ;
j= (é+1) { (VA_VB) .n+wA.QA_QB.QB}/{MA_1+
My 41,770, 00,+1,770,00:} ; 0, =wa=JI,7'Qy 7
a0t Iz 7105 i Vo =V, -In/M, ;. Vu =Vo+3jn/Mg;
If collide:j=positive;So n dictates V, |c
J=jn=[F,,.dt; [t,2t,] but in deformation

01; Jo=(vetRw) (E+1) MM,/ (3.5M,+6M,) ; V,.=[0;3./My=vs; 017 |V, |=(M, (ctvg)) /My—ve=c}

B j,=bigger(j,>j.)collision impulse magnitude that cause deformation;
j&=1J4l; ng~unit normal of the last contact point of G & e*; G," is emitted
at ny direction; The amount of J; that goes in the direction of n=J,en,;=]j4
cos®=constant=j_; {6=angle between J,&n,}Because as long as the impulse is
stronger than j_, it continue to bend the G particle& it won’t be its last
contact point. Therefore the speed of the emitted Gx/y/z"/‘is always c,
regardless of e* or G velocity{slower G v, require different:s,,j,n,I,,T,, Tx};
B Larger j, increase the w,; of the formed G," but also increase its
deformation, & its bending angle (6), which reduces I ;;such that
|L|=I,5005=h; remain constant for any G,*{with any 6=acos(j./Jj4) }

B G,' deformation demonstration: By approximating G into a box[2A,b,c] {A=500;
b=1;c=1000;p=0.001; [kg/m?®] |L|=10°}& the deformation into 6, we can evaluate
G,* shape (6)as function of j;/j.; by 6 we find I ;& than w,;=0,;=|L|/I;=h/I,;;
{w,; needed to conserve |L|=h}We can see that as j, increases:06°& w,; increase;

73] 6T e

CM, 1| O 1.02| 11| 1.21| 298| 1,200

m\ 1.5/ 48.2|| 1.06| 19] 1.23] 495] 1,200

Bending Bl ““\ >l 60.0l [ 1.14] 29] 1.26] 88| 1,224
Approximation 2[70.5| 28] 39 1.31] a79[ 1,249
1.5| a8| 1.37| 468| 1,279

Ta1 A 155 2| 60| 1.48] 451 1,328

: 5[ 78.5 3| 71| 1.60| 433] 1,382

100] 89.4 6| 80| 1.75| 414] 1,444

b 1000| 89.9|[  114| 89| 1.01 396[ 1,511

Furthermore, we can see that G,* with bigger o,; cause more powerful
subsequent collision{bigger |J,,.|; even though its I values smaller; only the
longer T, collide with the ball, as rotation is faster than velocity};

B Other deformed shapes (with same volumes& mass as G,")can require any|w,;|to
preserve |L|;{e.g. cube[l;1;1000000] require |w,;/=600,000; to preserve |L|};

For different j,; calculate:0°,I;w,;
TBZ needed to conserve |L|;& J_ , in As
subsequent collision where n is

QUTSX3+



Accelerated (a

)e/e* collide with G twice, creating what we call photon/(
stronger the collisions, the larger the Gy's:
deformation has smaller values of I, thus

E,=w,0Iw; increase with|w,|;T,=1/f=time taken for w,to approximately~return

Gy) The

:|lw| &its deformation;but larger
|L|=|Iw|=h; remain constant;while

The electric E and magnetic B parts of the &

electromagnetic field produced by a moving

charge g on field point x attime t are

to its position=2n/w =2ndt/d¢;Cs
impulse bigger than the non-ben
impulse will continue to bend G
it reaches the non-bending impu
value, which cause G,/G,. " |v|F
Regardless of G/e/e"
v; W=[Fdx=[Frd¢ [$=0
2>2m] =[Fradt [dt=0~>
T.] =0y I 'rdt=pr=wph=

Xyz

Ired>Iblue |
Ered<Eblue I

I I-ired I = I Lblue '

Iwred|< I wblue’ d

!

Y

Liénard- E
Wiechert,
1

1

g [A=F)mn—5)] ] €=
accelerate into |E(%)= diey [ (1—B-npR? VHoE
the page. (Z7) ol B
[ [0-m ]
Z _+_ - —_—
A4 \/ € (1—B-n)*R propagation
direction=ExB
b B(x,t)— ¢, T = present
R ,n='ret’arded
b1 . x

B V(e IEI/IBl=c ™ .
J (retarded) B=—7— t...=t-|R|/cC

H E(x,t) 2"term proport10na1 to 1/R(s&not 1/R?)
Thus it fall slower with distance & represent
light;B If there is no acceleration:E(x,t) is

‘M| in r direction{line gg=vdt=v|R|/c=p|R|;& R=n|R|;

a Arrow is
:|.nto the

by similar triangles: (n-f)
parallel to r}&B(x,t)=10""qvxn
(1-1B12)/ ((1-Ben)3|R|?)=~10""q
wxr®/|r|?; (if v<<c;B=v/c=~0; (n-
B)=~n=~rY;R=~r;so it’s Relativ-
istic correction of biot savart
law}l If motion starts:v(t,.)
=0;& a(t,.)#0;B(x,t)=axnl0’gq
/ (cIR|)=~10""gaxx"®/ (c|r]|);
{E(x,t)=nqg/ (4me |R|?) +nx [nxB’ ] g
Wot/?/ (Amet/2|R1) ;7 B(x,t)=10""nx(
nx[nxal)qg/(c|RI)}
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20-Right/Left circularly polarized photon=G; that its
L, & v are opposite/parallel; Their w ~precess around Ly s v parallel Ly s v Opposite
-v/v; create rotational effect when collide into a
target (many Gyadds up the same rotational effect);
Linearly polarized photon=G; that its L, & v are
perpendicular, its w~precess perpendicular to v, thus
its total effect is canceled out upon many collisions
(because each Gycollide into different point at target),
& we say mistakenly that it has no angular momentum;
Elliptically polarized photon=G, that its L_&v are not perpendicular and not parallel|opposite; X Electric Malus's law
13 Y P P e w perp P PP ; b. fHala

Some Gys require e*(or other positively charge particle) to create them; Polarizer=Long sheets of 0 |E|=|E,| cosb;
molecules that are capable of moving in only 2 specific direction(Q&-Q),if Gy's L, is parallel
to Q/-Q, than Gy's precessing o push the polarizer in its unmovable direction, & the polarizer

won’t vibrateé&won’t emit Gy (G; doesn’t pass); If Gy's L, is perpendicular to

Q, than Gy's precessing o push the polarizer in its movable direction, & the

polarizer will vibrate & will emit Gy (G, pass); Thus Gy passing probability=

|QxL.%|=|sina| ;{a=angle between L, &Q; -1<sino<l; but-1&l are solutions so use] |} it POkﬁiZET

What we call linear photon polarization=Py=L,/*xv"; (vi=v/|v|)=>L=Vv"xPy; Thus [intensity I=1Iycos’6;

Gy pass probability=|QX(V”XPY)|=|V“(QOP&)—P&(QOVu)|=|V“(QOP&)|—|Vu(COSG )|=|cosei|;

{Q&PYperpendicular;ax(bxc)=b(aoc)—c(aob)}|E|=|E0Icosei;Io=%ceo|Eo|2; I=%CSOIE|2=

I,cos?0;; The emitted G; from the polarizer has Py=Q;{follow collision vé&point}

tenna emit/receive A Gy No L. The bigger the G, £ the
slower it travel in a
[e———R=2/2— llght material; as
=<y d gz returning time (by G,*
\ = PY=wav 30° F' a increased
(when e retu
Gy emitted)
enser the polarized Gy

material the with same v &
X opposite Ly
(in both Lylv)

W Us®R) = ‘R Ug=hf

@

Verticaly polarized

ape
|Extra/Shortage of e pile up |[Polarization

in both ends creating by Scattering
w|electric potential energy Ug B (x t) == Linearly
A=c/f=ch/Ug=chR/ (keqQ) 4 polertace

AC tuned to: g@=ch/ (2ke.) 10'7qaxr“/ (c|lx]|)

as more atoms
absorb &
emit GY;

require et (or
other positively
charge particle)
to be created

Horizontaly p



21-Rabi cycle: For Homogenous B; rotating about Homogenous Bj:
B=[B,cos (ot) ;B;sin(at) ;B;]; ©;=-B,y;0,;=-Byy;y=g.q/(2m.); p(+2>-)=
Spin flip probability=probability to get |-Z> from time evolve
| +Z>=0,2/ (0,24 (0-w03) 2) sin? (st (0,%+ (0-w;)2)/2) ; If 0Dw;; p(+>-)=
sin? (t%sw,) ; making the amplitude of spin flip probability to 1;
and the time taken for this flip=t=n/w,=2mm./ (B,g.q) ;{p(+>-)=
sin’(n/2)=1}e in B; will have larmor precession with |;|=B;y=0;;
rad/s; If we rotate magnetic field perpendicular to B; at ||
rad/s nyz"/‘ will always hit e face in opposite direction of its
face motion, creating stronger force that flip its internal
magnetic field direction (opposite L, but not opposite L, see L,2L,
transformation); The time taken for this flip increase with m_ &
decrease with B;&q;While w; is rad/s;f is(number of occurrences
of repeating event)/s. thus w,=2nf; and if we fire circularly
polarized photon with f=w;/(2m); at right angle to B; it will
also flip the electron; Gy with f=w;/ (2n) ; has period=T.=1/f=2n
/w;=4mm./ (B;g.q)=n,T =T =time taken for G;'s w, to ~return to its
position (it never return exactly)same as the larmor precession
period of e; Thus all Gys will also collide with e in opposite
direction of its motion, creating strong force that flip e;

| E(Gz‘”/‘)interacts with e charge (w;) , but not spin(w,,,) B(ny"/')
interacts with e spin(w,,,) ,but not charge (w;) ;In homogenous B,
spin can precess at same angle for infinite time. Interaction
with other particle is required to change precession angle.

‘Rz 'Bz=Bs3
I
¢
Bi=
C

Precession of Rotating

Nuclear Angular| Magnetic
momentum I Field Bxy

Rabi's Atomic Beam resonance method

Applied magnetic field
magnet C LL high S H
energy o
- ldB/dz _- 4" Proton spin T [
TdB/dz 5 L':‘\H\ Precessional
from to o Spinning
source detector . nucleus
-4." 1

B 1. . a Proton ’

Z vv ‘OW ‘h'-_-f--...'
X N N enerqy L

Magnet A,B=InHomogeneous; Magnet C=Homogeneous Bz B @
+Rotating Bxy(at Larmor frequency flips spin &

give minimum intensity at detector, leads to high small rotatingB
precision measurement of proton magnetic moment) flips the spin

Magnetic resonance
curve

Amplitude of the
spin flip probability:
FWHM e

Lorentzian curve

0] I-

b -
((_,, — ()5 ) + 0,

L J

M3
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22-The total effect of many colliding Gys can be roughly calculated by summing up . ‘" s 1120020 g
all their Fy=collision normal vector from Gy point that is farthest from Gy CM(Cente¢r :
of mass; this point collide first);If Gy, arrive to target after different time dt,
than its Fy, can be ~calculated by rotating Fy about L, by: 2ndt,/T; rad; {(T.=1/f=time \ , _
taken for G,’s ®, to ~return to its position}Or by 2nfdt =wdt ;rad;{w=angular frequency S B TP KR O R arans copter vloaty
B While Gy's @, is roughly ~rotated about G;'s L, Gﬂm+ﬁ‘s W, is parallel to its L, ; Qi

thus the total effect of many qu”‘ can be precisely calculated by summing up all
their Fpy(collision normal vector from G, "/~ point that is farthest from G, "/ CM) \
If G, , '/~ arrive to the target after different time dt_  than its F,, can be

XYZ

XYz
Xyzn

calculated by rotating Fy, about L, by: dt |w,| rad;

23-Mirror:1) Wrong explanation:Fermat’s principle:If a beam of Light travels
from point A to B, it does so along the fastest path possible;=>a=p{syms h L x real;
a=(x"2+h"2)~(1/2); b=((L-x)"2+h"2)"(1/2); f=a+b;xs=solve(diff(f,x,2)==0,x) %x=L/2=>0=p}
2) Correct explanation: Gy can be reflected from any mirror’s e,but the force it exert
on the detector is canceled out by step 22, unless it obey the law of reflection (o=B);
Each path takes photon has equal rotate by ¢ BRI s LR eyl themselves out; only
£ % different amount probability of ~ " e}(9+¢k=é;$‘i=tphe arrows near the__lcenter contribute _
A of time reflecting of thel A to the probabilityj Jthis is the )
mirror at _ewery point, i0 location we expect by law
so all-phasor arrows i of reflection
has  same length

Length=1 i
ik =i ' =

Pl'lf{;)tfn' s wave Mi rro r

—————— e —————— of probaii(]j.‘ilt):y ‘The photons interact with
represente 34 " %th Gy ; ; If -
X X X X X X X X X X X X - heisntize e
>ngH I Saction: thak Seeal the
spiral arrow, photons
will arrive at the detector

For different
wavelength «
® changes, so we
need to change the spacing

— =
iffractio X
grating ﬁ(:) or the hight of the detector
spacing



24-Gravity: In the universe, everywhere & every time NE-shape with any velocity can be
created; Thus any object’ll feel collision forces from all directions, that on average
cancel each other out. But if 2 objects stand close to each other, they will feel less
collision forces from the side that in between them.Thus a small object A(radius r)
will not feel collision forces from a angle o that its base originate from the
big object B(radius h), which is at distance D; Thus a=atan(h/D); Force=Area*Pressure;
The effective pressure for any prevented collision at 6,¢ inside the cone is kcos(0);
k=constant; cos(0)=effective direction(as collision directions that are not parallel to D
are cancel out)So we can calculate the cone prevented force=force exerted from the
opposite direction=F=[fkcos (0)r?’sin(0)d¢de; [first integrate by ¢ from 0 to 2m; & than
by 6 from 0 to a] {Area element=r?sin (6)d¢de}F=knh?r?/ (D?+h?)=~knh?r?/D?; {D>>h}so it obay
the Inverse-square law like:Newton Gravitational force: F=Gm;m,/D?;

anceled G

Uncanceled G

B All bodies fall with the same acceleration regardless of their mass, because the more massive the body the more
fundamental particles(e.g. e) it contain, & each fundamental particles get a prevented collision cone that cause it to
attract with F=~knh?r?/D?; Where r? is an expression to its mass; {sphere surface area=4nr?}M gravitational redshift is caused
by the movement of the e that create the G, or by the e in the receiver; The changes in e& G/G, collision impulse is
increased with gravity; B Cosmological View as non-rotating massive spherically symmetric object.

) , : [ 2GM P 2
redshift doesn’t caused by stretching b = tp1)1— 2 =t 1£'tfvhzg<tf
TC r C

Gy, but by long series of doppler
o £ is the proper time between two events for an observer close to the massive sphere

Z
'

Redshifts; 0
easni s Area element | ‘:l\>

fdA:rzsinH do do
]

‘tf =time between events for observer at large distance(clock at
infinite distance from the massive sphere would tick at one second
per second, while closer clocks would tick at less than that rate)

« (G is the gravitational constant,

{Gyis absorbed
& re-emitted
between many
stars until it
reach us, each
move with respgct

AR __rsinBdo

NN

¢ M is the mass of the object creating the gravitational field,

¢ 7 is the radial coordinate of the observer within the gravitational field

o, = 2G’_M'/c2 =Schwarzschild radius=the radius of the event horizon

universe &
its e emit
a more

redshifted GY}

to each other Massive within which nothing(including light) can escape the black hole

due to the - 2GM L
. Object Ve = is the escape velocit A g\ 2

expanding Light bend - o r i ' = (1 - _S)

o s e's distance _ longated| [F2>Fi=>as>a;
reflected from| G2"/7 travle tihme Thus top e see
electron that [increased(time dilation)|longer A of same
is accelerated|Gravitational Red shift:|Gy: GysA>GyA>GyA ) L
due to gravity|f of Gy:>f of Gy due to lower Gy->e e ). is the wavelength measured at the source of emission, and

A of Gyi<A of Gy collision velocity|* R, is the radius at which the photon is emitted.

Ae R.

M/Ae = [(1—rs/R1) /(1 —rs/Re)]"?

¢ )\, is the wavelength of the light as measured by the observer at infinity,




25-Entanglement: If e/e* collide with G it bend & rotate it, transform it into G /Gxyz
with v=c; always, because the bending reduce the collision energy responsible for v; But
in the universe there are also small clusters (0) that are not capable of being deformed
{O can be a ~spherical cluster composed of Gs}; Thus if e/e* collide with O it emit it with
v>>c{no deformation so no energy loss};This O can be thrown backé& forth between 2 opposite
Lq e/e* creating what we call entanglement{changing e A L, change O collision point, which
change O collision point into e B, which transform e B L, to be opposite of e A L, again};
Entangled photons are created when the e in their transmitter is entangled to e in their
receiver/polarizer;

Bell experiment proof that there is no hidden variable: pair of entangled e’s send to 2 spin
detectors, each measure spin in lof 3 directions(120° apart)selected randomly& independently of

each other. We recorded whether the measured spin are the same (uu,dd) or different (ud,du).
repeating this over and over, randomly varying the measurement directions independently.

B If there are hidden variables, each particle has a plane (how to be measured in P( )—CO§%6/2)

each direction(1,2,3)); planel (uuu,ddd), plane2 (udu,dud)rest equivalent. So

probability to get different result for planel is 1 & for plane2 is 1/3*2/3+

Hidden Variable

1/3*1/3+1/3*2/3=5/9; so overall P>5/9 for different results; M If there is Planel
faster than light communication Detector A DetectorB Detector B Detector B
Probability for same result o
=3*(1/3*0+1/3*2/3*cosz(60/2 Z
)=1/2;P for different
results=1/2; & that is what lane2
we get in the experiment;

Faster then light communication®_--" §Q

Detector A Detector B
i EE ula

Detector A Detector B

&A



Universe properties

involving many particles
(Less certaln explanations)



26-Photons 1 & 4 exhibit quantum slmminabed SHG st & Ggs & b |.~¥ 28-Double slit: e/Gy collide with e in
that entangled the BBO's e with l

correlations (entanglement), despite % s the edge of the narrow slits, this e
. the e's of the polarizers . .

that they have never coexisted; : ; 7 + measurements | €mit /Gy & O; O steer the e in the

Explanation: B-BaB,0,(BBO) emit Gys BEO SpliE Blue photoh 1fito 2 4™\ W screen & entangled them with the e in

(Fnergy & Momentum conserved), « . )
that fly at v=c; & Os that fly at Blue — 008 1 s the slits’ edges. Thus next emitted

v>>c; O steer the e in the beam late ~~ e . .| e/G, will thrown to the entangled es
p Coincidence circuit ¥
. . Laser 3 : ’
splitter (BS) & the e in BBO to be 1325m entangled deviceisusedto | 101 the screen(which were chosen by Gy's
correlated, thus when BBO emit GYBMHG: photon confirmthatthe2 | cT. or e’s vT;); Any measurement device
they will be correlated with Gy ,; fiber 2 pair measured photons | before/after the slit interfere with

produced at the

Space ﬂ = nonlinear - the entanglement;, double-
= 4 same time; g
: i == : : crystal ‘ , slit screen
! i @ ! ! BBO 435m .. Small molecule/
(beta compensator ]
i i ! uiia arystad e it Photons/ Electrons

8 /0
)

borate) “ "W i . overhere DW
1/ (10B) photons splited and | ¥ , '

from them 1/500 entangled electron

» .
1
1 I
| ; 1 ., | beam gun
i ‘Q : : i 27-Elitzur—Vaidman bomb tester: QM Wrong A
L d 1 L I, | explanation: Bed bomb=photon pass through mte‘;lft‘i;glce
il = fime| without absorbance;photon go in both pathways; D
o tgr}e’r C click; D not(destructive interference); Good TIT11
A %, https://arxiv.or, bomb=explode upon photon absorbance; photon :

*, line df/1209.4191.pdf

N chose way, if pass through bomb it explodes, Destructive

% N— if chose upper path bomb not explode & D or
s Dgetecmr C click; so if D click we know the bomb good
: & m without explode it (25% chance)
t — J\ Correct Explanation:Half-silvered mirror (HSM)
time 7 A , f é | ’ i eject Gy in one direction & O in the other; O
2mm thick ¢ steer the e in mirror & e in upper HSM to be
é PBS PP
p-BaB,0, % correlated; If there is bed bomb (or no bomb)Gy hit
Half wave plates . . , .
6 p HWP the e in the upper HSM & C click (D won’t click as
. ‘ .| e in D path get O that destructively interfere with
cc’%\{"‘ \ pBS ﬁ_w Gy); If there is a good bomb, Gy explode it, or O
compensating Pﬂl’left_"‘ﬂ : get absorb by the bomb without exploding it (O is i
crystals ;. ( a sphere & is not rotated)& G, go & click D/C; Mirror
Mirror beam-splitter ¥




.—Michelson—Morley, Kennedy-Thorndike & Ives—Stilwell experiments explanation:

. Less probable explanation that give correct result: Einstein’s relativity
principle: There is no absolute rest: Each observer can claim that he is at rest &
the Light Source(LS) is moving, & because light’s |v|=c regardless of LS movement,
each observer’l measure light’s |v|=c; regardless of its/LS v; =>Lorentz transform;
=>Length contraction[L,=YL=Length of the object as measured by observer at rest with
respect to the object], Time dilation|[T,=T/Y=The time interval between 2 events (light go
between mirrors)as measured by observer at rest with respect to the clock]{if 2 objects

move with respect to each other, each claim that it is at rest & measure: the other Screen to detect

length as shorter & the time interval between 2 events in the other object as longer}=> Interference pattem
Relativistic Doppler Effect[In motion direction: A, ..,ve;=Aeource ( (CHV)/ y , At t=0 Rest(s) & moving 7'/h

(c-v))1/?;& Perpendicular direction A .;ver=Asonrce¥ ] ;=>Doppler& length (s'")frame origin coincide \Y=[1—V2/CZ]'1/2;
contraction explain these experiments; consequence: There is no & flashing light .
universal truth in the universe: The universe doesn’t exist; ct that expand as sphere tn Y>1;

B More probable explanation: The result of these experiments is Light Radius?- c

consequence of 2 processes: a) A(A=c/f)of GY result from e & G = (T (I

collision velocity; and Gy&e collision velocity depend also on A X Vs x'
of Gy;=>Doppler equations; b) If in stationary atom the distance e __}:.f_‘r.‘_f_ e Y

between 2 vertical e’s & 2 horizontal e’s is equal (L=D) than G,-
travel time in these cases must remain equal even if the atom movef|
dt,,=dt,; to achieve this the atom is contracted along the
direction of motion such that: D->D/Y;{atomic e’s really move in
direction of motion, such that dt, =dt_,; as e rotates& must collide with
G,”the same as stationary atom to conserve the atomic structure;

dx =D+vdt,; dt,=(D+vdt,)/c;=>dt =D/ (c-v); dx,=Dc/ (c-v); dx,=D-vdt,; dt,=(D-v vdt, Y @yb@ @
dt,) /c;=>dt,=D/ (c+v); dx,;=Dc/ (c+v); dt,=dt +dt,=Y?2D/c; dx,,=dx +dx,=y22D; @—b &@ @ oo 4 .

dt,=dt =tsdt,y; L.=L;=L,=[L°+ (}svdt,y) ?1'/?; dt, =2L./c;=>dt,=Y2L/c; L.,=[L°+(vYL/c s YAt Ty a 4 2
)2]11/2; dRg=2L.=¥2L; M-M(1887): L=D=11; v=3*10%; c=3*10%; dx=dx,;-dx,4 0

2V (YD-L)=1.1*10"7; light A=5*10"7; should give destructive interference, but didn’t; D2>D/V; solve
it; K-T(1932):D#L; D=>D/V; dx,2Dc/ (V(c-v)); dx;2Dc/ (Y (c+v)) ; Fringe shift=FS=(dx,+dx,-2L.) /A #2 (D-
L) /Ag; [no movement result];Solution:A=A=AY;A=A[ (c*+V)/ (c-V) 1172, {t, e,red bottom e, t_ e move L
away from the light, thus feel weaker collision force(longer A)}; A=A [ (c-V)/ (ctv) 11/2; tho c/< (o]
{left magenta e move toward light thus feel stronger collision force (shorter A)} >

FS=dx, /A +dx; /A -L. /AN, ~L./A= 2( ) /A;; I-S(1938)can be explained by doppler;so real vat, wdby
| | er@ ©

length contraction of e¢& doppler explain all 3 experiments; D/Y t,vdt, t, t,
4] E

. =x' 24y’ .:_._z.. :
The transformation between S&S’ frames that satisfy:
x> 4y?+zi~c?t’=0=x'2+y’ 2+z*?-c?t’?; is the Lorentz
transform: [x'=Y(x-tv); y'=y; z'=z; t'=y(t-xv/c?)];




. . . . . Moving Fi
.—stellar aberration explanatlon:.Less probable explanation that give correct Uy sm(ﬁ) o g

result: Einstein’s relativity principle;=>Lorentz transform;=>relativistic tan(¢) :u +,U7U/C+ cos(f)) %tan(@) Frame X H
Velocit¥ addition;=>stellar aberrétion; . More pJ.':obabI.I.e explanat.:ion:. For r.est Relativi:tic velocity addition:
frame light goes along ¢ m ruler in 1ls;HM In the direction of motion, in moving ;. 2
frame the ruler shrink to c¢/Y m, but we can’t know that(as we compare it with uz = (ue +v)/(1+uzv/c”)
the unchanged dy & when we switch the scale ruler it shrink also),so light suppose ufy :uy/,},(1+uwv/c2)
to pass this length in 1/Y s, but we measure 1/Ys as 1/Y?{G,"/~ travel time between /
2 e’s represent time unit duration; stationary dt,,=2L/c; —=2>dt,,=Y2L/c; in a moving tan(c;ﬁ):—y: =
clock; so the number of time units in a period shrink for a moving clock(explain Muon ufm. fy('u,:,, -H)) ’y(’u/c—f—cos(@))
decay in the atmosphere) }so we measure the speed of light as c/(1/Y?)=cY?; B In direction perpendicular to
motion direction, in the moving frame, the ruler doesn’t shrink, but 1ls still measured as 1/Y,so we measure
the speed of light as c/(1/Y)=cy; M Thus, in stelar aberration, when we add the v of earth; u,’=csin®@>Ycsin®; | Earth »

xz Relativistic Energy %2 dp and u,’=(v+ccos®) >Y? (v+ccosb) ; Thus: tan¢=u,’ /u,’=Ycsin®/ (Y? (v+ccos9))
E=W= Fdx KE =W :j (—)dx =sin0@/ (Y (v/c+cos0)) ;

X1 X1 dt . 2 2m~2 2~4 . : .

Bll: E2=(Ymv)2c?+m?c?; explanation:

. Less probable explanation that give correct result: If we
S EEWVEI analyze eccentric impact collision from a moving body

Uy sin(8)

Kinetic
Energy

if we are in the rest frame of the moving object:

dx/dt

Ll
vz
= e, ‘ 5
gk d VLIGENITUN frame, using relativistic velocity addition, we’ll ALY @
d_tozd_fo(yto):y see that momentum is not conserved; Thus we change b D‘“
definition of momentum to Ymv & now momentum always ,
. mw dp d/ mv ; i ' Gi i
p= — o conserved; integration of (Ymv)’ Give E equation;
e : . . .
J-= Bl More probable explanation: In direction

perpendicular to motion direction, in a moving frame
4 (4OBD)=4 (§)+(E)B length doesn’t change & v2>Yv so p=mv>Ymv; integrate
dt > dt dt (Ymv) ' give E;

0

=Relativistic momentum

204 — m2c22

invariant of the
theory of
relativity,

all observers
can agree on



BSo all experimental foundation of special&general relativity can be explain
by: Time dilation{result from increased G,"/” travel time between 2 e’s in: moving
atom, or atom that is in gravitational field(due to distance elongation)}, Length
contraction{result because in atom G,"~continuously collide between e’s until a
stable structure achieved; thus G,"/~ travel time between 2 vertical e’s & 2
horizontal e’s each D meter apart when the atom at rest,must remain equal even if
the atom move}; Relativistic Doppler effect{result because A of G, caused by e
velocity when collide with G;& Gy & e collision velocity depend on e’s v & Gy’'s A}
and the randomly creating & flying shapes (Gs) in the universe{result: in G
grabbing by a fast moving e/e'; and in the gravitational force};

Without accepting Einstein's relativity principles that claim that there is
no absolute rest and thus no absolute truth, and this can only happen if the
universe doesn't exist;& without accepting Einstein's equivalence principle;

32-Compton scattering:

e detached from the

atom after the collision: correct e & Gy
collision result achieved when assuming e &
Gy are particles& make sure Energy& Momentum
conserved; In my theory the photon total
energy=hf+c?; Thus in: E.+E=E ' +E ' ; 1:Mc2
can be reduced & the derivation still work.
B In Rayleigh scattering the e remain bound
to the atom after the collision thus G,*/-
also participate in the collision;

B Bremsstrahlung: Firing electron with high
KE into piece of metal yield predominantly
Xray photon; The greater the electron KE the

Energy of electrons ejected from sodium metal

higher the photon‘'s frequency; B Photoelectric effect:
Ejected electron’s kinetic energy=hf-¢; Where, ¢=work
function= minimum energy needed to release the electron.
In my theory the photon total energy=hf+4Mc?; Thus AE=hf +
Mc2-hf,-*Mc?=h (£f,-f,) ;still fit the data. Or ¢=¢,,,—*Mc?;

E.'=\(pe'c) 2+ (mec?) 2!

Ec=m.*c? ; p.=0
electro

Pp~Pp' Ep'=hf’

Pp' =h/h|

Pe'
scattered

electron
Compton _ 7~

d scattering
true for

~ X-ray (as
its E is far
greater than

scattere
photon

/\ d

Ipe" I>=1pp|?+1pp' 12-21pp| IPp' | cos (o))

e binding E
in the atom)

Electrons ejected from a sodium metal surface were measured as
electric current. Finding the opposing voltage it took to stop
them gave their maximum KE.

Zklf s ncreasing

- 3 h=—=4.1x10""eV -5 light intensity F =C/2\.

o AV ncrease the number=™P

3 £ photoelectrons but P =h/)\

2 % not their max KE P hf phOtOn

w =

= e

o 32 Light below a frequency of — Ephoton=NE  \__ _62210° ms

o = 14 1.77 eV o g

£ g 439 x10 Hz . Eﬁw uﬂzi;mms

% 400 nm

g 8 would not eject electrons. & BV o

S ‘; no 4" :" ¢

% 8 'l - electrons '»' ’-'

E -E This PlOt iS nOt Potassium - 2.0 eV needed to eject electron cos
SiEbead MPOR GEhe Photoelectric effect law
light intensity
so light is particle

| | 1 1 1 | | | |

E+EP=EE Y +EP '=>

A'-A=(1l-cos (¢))h/ (m.c)

- 6 8 12

Frequency,Hz x 1014

10

Compton=Particle descript
Thomson=Wave description=Wrong

on(Energy & Momentum conservation )=Right



33-Cyclotron high velocity electron failure:
{Centripetal Force=mv?/r=vgB}; is

motion period=T=2nr/v=2mm/ (gB) ;

independent of v only for v<<c; for high speed m=m,Y;{y=[1-v?/c?]%/?;
y>1; my=rest mass} Because each T, G,” collide with e& accelerate

it;& each Tc/g;{g=1/(1-ev?/Gzv?)'/?2; Tc=constant derived from G density
in the universe; Gzv/ev=G, /e velocity}e collide with G & grab it(the
the more G it grab);so in high speed the mass of e is

faster e move,
increased,
[B]

increasing as e speeds up;

high speed immediately, due to it’s small mass (v=rqgB/m)}; e/e* collide
with G but G, /G,,,*/~ usually don’t collide with G, because Gy/G, "/~
are very small compared to e/e*;so they miss the Gs almost always;

some colliding G are transformed into Gy;
In deceleration e release G as Gy; {synchrotron solve this by

cyclotron circular A
The accelerating electric

field reverses just at the
time the electrons finish
their half circle, so that

Top View

Side View

come out the exit port
at a high speed.

Injection of

c=Speed limit for particles that can
grab other Gs during their motion

electrons

it accelerates them Uniform

across the gap. With magnetic

a higher speed, they I R T R TR field

move in a larger OO - S T T region.

s — — -
_l—,|_|—|_,_] } 4 * * * L B + ¥ & ¥ ~+———Electric
R I I accelerating

semicircle. After y field between
cyclotron can’t work for e as it gain repeating this process : the magnetic

several times, they - field regions,

[ EEEEEEEEEE =S EEENEEEEEN

e

Qutput beam of high
velocity electrons.

[

Feature of Hsynchrotron radiation:

F highly collimated
(mrads) , smooth
continuous spectrum,
\J horizontally

e velocity

10 |- ..S=speedlimit of the universe
08 L Each point represents You can continue to add
' another increase in kinetic energy to the electron,
>|o electron kinetic energy and its speed will asymptotically
I 06} byafactorofio. approach ¢, but will not
= exceed it.
04 - Energy and momentum may increase
without limit, but the speed does
0.2 | not exceed c.
1 1 ! ]
0 - 2 4 6 8 10
0 10 10 10 10 10 1

Kinetic energy of electron in eV

Total simulation time=12000;
e/G/Gz velocity=1/0/300;
e/G Mass=500/1;

T=1; Tc=5; Time color:
0-6k; 10.5!

11.25k-12k;

Step22Proof.m

‘PHP‘\..‘..‘....‘. i

polarized

) radiation
dipole fan
///(' + i Wiggler create
1 adiation with
higher frequency
i radiation
wiggler °PP?H§;§2tS fan

10 10°

e kinetic “energy




34-While the multiple steps creating e/e* give them a specific structure
[I,=I,=~I;/2, w, & Z2* Return to o, & Z*; each T;=2nI,/|L,l;s; |W®u3l>>|wgq,,]:
X" ~return to X'; each 2T.] (by Intermediate& Major axis theorem and by numerous
collisions & centrifugal force) Gy is creating by only 2 collisions and has
no unique shape, however, as we can see from page 13, its w, ~return to o,
each T; s; For both G; & e/e* v, period dictates the B interaction; While
the spin state period indicate a more precise period that is still
common to all e/e*/(Gywith same f); Thus for e/e* the spin state period is
2T, (take into account w, & X" period; & called spin * particle) but for Gys
with same f it remain T, as each G; originate from different G shape and
has different G, shape, even though they all have the same f; (spin 1
particle) Yet all e/e*/G; have period(T) and thus £f=1/T; If they move they
have: A=v/£f=vT; For G,: A=c/f=cT.=h/py; (E’=(Ymv)?c’+m’c’; Y=[1-v?/c?] V%
pr=Ymv; m—=>0; E=cpz=hf=hc/A}
B Davisson Germer experiment: Electrons released from tungsten filament
accelerated using 54V=KE/q battery into nickel chloride crystal
(d=2.15*1071%) , the scattered electrons have maximum intensity at 0=50°;
Less probable explanation: de Brogllie’s hypothesis: electron is wave:
A=h/p=h/ (mv)=1.67*10710; {v=(2*m*KE) ~ (1/2) /m= (2*m*V*q) ~ (1/2) /m=4.36*10°m/s;
m=9.109*1073; Vv=54; g=1.602*10"'%; h=6.626*10"3*} the peak is due to
constructive interference of wave: A=dsin®/n=1.65*10"1°/n; n=integer;
. More probable explanation: For e/e‘: T=T =2nI,/|L,|=8n%ms,?/(5h);
{IL,I=h/(4m); I,=m(s,’+s,?)/5; s,20; T, is common to all e/e' with any angular
momentum}Thus, if es, with same L,, that fly with v, arrive at the detector
with the same w,, we see larger signal; for this to happen, the extra
travelling time=dsin (0) /v=nT; n=integer;{indicate that T=1.89*10"'"/n; &
$,=2.95*107'1/n'/?}; Because all e/e' are same mass asymmetric clusters
[I,=I,=~I,/2; |wys|>>|wy,,|] & their Z* align each T;;

lo—d —

i wave 2 N
"" A A' “
N/ ;
wave 1
incident A o reflected
angle _angle
atomic T
hlane % i L
d 4 y '.""k; ‘J"".‘ n=2
Btomic - e :
plane r '.‘ o
- - s -
4 sing
Electron
o hot filament to
release electrons
O b et 1924 Theory
o electrode deBroglie's| 3 = MU - 167Rfor54V
1 hypothesis mv
° -
1 Electron Experiment
scattering ;
3 peak at 50° _ Pathlength d{ﬂerer:,(:e
| e . dsin® = 2.15sin50=A=1.654
‘& ‘," for constructive interference
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o/ [ fe three year old
L 1927 o
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If the momenta of the
positron & electron

. were equal before
Palr the annihilation,
the 2 gamma ray

ann|hllat|0n Yhotons must

travel in

opposite
electron _lz Qirections
Sy 'u
positron

to conserve
momentum
Before After

Energy = 2mgcC . %.

\

35-Annihilation: Explanation: e X-ray or
collide with e*, they become attached
together and stop rotating, while gamma ray

releasing 2 G;s that carry their
rotational energy; G;'s f=m_c?/h;

B Pair production: Electron’s rest
mass energy is 0.511 MeV, so for
photon energy above 1.022MeV, pair
production is possible{conserve
energy & momentum,but quantum numbers
of produced particles sum to O.
probability increases as~[nearby atomic
number]? & with photon energy (dominant

%L‘ |, ™ -@ positron
: =

Interaction ™\,
with atom

Pair Production

“O electron

O

mode of interaction for X& gamma-rays) }
Explanation:G; collide with
annihilated e-e*cluster detach thems&
rotate them again; G,‘s f=2m.c?/h;

36. [mass of nucleus]-[mass

of its nucleons]=Am<0 always,
but different for different
elements. Amc?=nuclear binding
energy that holds the nucleons
together{Nucleus is made up of
nucleons (protons, neutrons);
while Energy to release e from
H atom=13.6eV; (ionization E);
the Energy to break apart p & n
from alpha particle (2p+2n)=28Me
V=c?[2m +2m -m,, . ]1; m,;=939.5; m,=

938;m,,n,=3727; [MeV/c?]binding E}

Stability Binding Energy
Deuterium 4He

-2MeV -28MeV

+10MeV +8MeV
Highly unstable toward decay
back to helium-4 and either

a free proton or neutron.



37- The expansion of the universe appears to be accelerating. The
velocity of galaxy away from earth[km/s]=The distance of the galaxy
from earth[km]*26*1071°. {we have red shift from everything so or we are
moving away from everything or the universe is expanding and its
expanding faster and faster with acceleration}. Explanation: In the
universe, every-where & time NE-space/3D-spaces is being created;

__Animation of an expanding
‘. raisin bread model.

20cm

Universe expansion accelerating

1Mpc=3.08567758%1022 meters

V = Hd
Vol f 8

recessional velocity distance (Mpc)
(km/s)
*H is the Hubble
constant

*H =80 km/s/Mpc

s moving

How fast it'

VELOCITY = HUBBLE CONSTANT xDISTANCE

7,
=

€
O L
=0
> ¢
®© 7
Sy
]

Galaxies furthest from us
are moving away at a

faster velocity (speed) ———~—~—___ ;pf

L3
..I
e
ot
.

v Galaxies closest to us

v
P ;-f"“__ are moving away at a

slower velocity (speed)

DISTANCE

How far away the galaxy is
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38-u|d Quark is probably like e*|e cluster but with more G components &
L,=2/3 of e*'s L;| L;=1/3 of e’s L;; Anti u|d Quark is probably like e|e*
cluster but with more G components & L,;=2/3 of e’s L;| L;=1/3 of e*'s Ly;

tL.,=Average G,*/~ direction

B./B./r in
X /Y /Z so

39-Color charge is probably the particle’s B,; where Red/Green/Blue are
X*/Y*/Z* B, direction & AntiRed/AntiGreen/AntiBlue are X /Y /Z~ B,; While
X*&X~ B, particles attracts X*'&Y'&Z* B, or X &Y &Z" B, particles impose no B
force on each other & allow a delicate attraction dance by opposite Lj;

there is
less G,*/-
influenc

40-While Helicity=sign (Lep) ; {+=RH; -=LH}, Chirality is probably a
function of per & thus it dictate if the particle hit the target such
that its L contribute positively to increase the collision impact; The
target is hitted by the particle p & by the particle rotational motion,
which cause greater collision force that release sub-cluster particle
as what we call weak force; M Neutrino is probably like e cluster but
with less G component & with initial orientation that flip it 90° about
X axis; thus its major rotation is about the world Y axis and its L,20;

(less
electric

:Lwa
repulsio
& we
interpret
that as

Stepl4
aProof
.123dx

};:—;L+

Ha
By

41-In atom the e & the positive nucleus play give and take with G, */~;

Thus number of G, _*/-

Xyz

The equilibrium can reach in many ways,

Xyz
rotations must be integer number in equilibrium.
lead to different energy level.

42-Superconductor stay locked in space, when put near magnet;
Explanation: If the superconductor move, each e in it is moving in B,
so it feel force, so the e’s in the superconductor move in circle, this
circular motion & B now opposing the superconductor’s movement;

Plane perpendicular to
Ly.=Average e orientation
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Green=Pure definition; Quantity=a=1+1l..+1l[a times]; atb=a+l+l..+1l[b times]; a-b=a-1-1..-1[b tim
a*b=ab=a+a..+a[b times]; a/b=c=>a-b-b..-b[c times]=0; aP=a*a..*a[b times]; function=f (x)=return
1 output (f (x))for each input(x); ()=Do first; Derivative=f’ (x)=(£f(x+h)-£f(x))/h; h>0; Integral=
SE(t)dt=dt (£ (t,)+£ (t,+dt) +£ (t,+2dt) . .+£(t,-dt)) ;dt>0;vector=[x;y; z] ;a0b=axbx+ayby+azbz; la|=(aea)™;

Blue=Measurements:Mass=m=The quantity of Kilograms that balance an object in scales; Time=t=The

ki&mjj'

space Y
3]

E:I:ﬂ
- o c

second | M lrig‘r;‘hln‘.ued 3D

coordinate system

quantity of Seconds (Sand grains)that pass; Space=The quantity of Meters in every direction; Red=Dressed definition;Each is
[£,.(t) ;fy(t) ;£,(t)];Position=r; Velocity=v=r’; Acceleration=a=v’; Linear Momentum=p=m*v; Force=F=p’;{if m=m(t)=m(0);F=m*a;
27 newton law}Impulse=J=[Fdt=[p’ (t)dt=p(t,)-p(t;) ;{Thus if F=0:p(t,)=p(t,;)=>p conserved} Rigid body=continuous distribution of
point masses (m;)with neglected deformation; Center of mass=CM=1/M*EIm.r,; M=ZIm,; CM of Rigid body follow trajectory of point
mass; [I=Circle circumference/(2*Radius); Angle=0;[rad=1/(2n) circle];sin(0)=b/c; cos(6)=a/c; Free Rigid body rotates about
its CM; Any rotation can be described by 1 axis &l angle; Rotation & Translation can be analyzed separately; If r is point
in rigid body that rotates about z; r=|r|*[cos6;sin®;0]=|r|e,;{|r|=constant;x=x(t) }r’=|r|*9’*[—sine;cose;0]=|r|9_’ee=|r|Mee

z

=Tangential velocity=V,; |Angular velocity]|;{ey,&e, perpendicular}axb=[a/b,-a,b,;a,b,-ab,;a,b,~ab,]; w=u*®’ ;u=unit vector along

axis of rotation(right hand indicates+direction) Vy=@xr; @=(rxV;)/|r|?; r’''=V,/ =-|r|6'%e +|r||0]|’' 'e;=|r]|
|w|?e,+|r||a]ley;Centripetal Acceleration=a_=wxV,;|Angular Acceleration| a=w’;Tangential Acceleration=aj
=axr; If m(t)=m(0):Centripetal Force=F_=m*a_ ;Matrix*v=[a,b,c;d,e,f;g, h,i]*[x;y;z]=[xatyb+zc;xdtyet+zf;

VT,aT Y, o, I=

xg+yh+zi]; if M*v=lv; eigenvector; (quantity)Angular momentum=L=rxp; For rigid body L about
CM=L, =Y [r;xp;1=%[x;xV,m;]=Y [r; X (0xr;)m;]=I*w; Inertia tensor=I(t)=[I Iy I Iyx,Iyy,Iyz;sz,Izy,Izz]; I_=

xx/ xz/

T (r;2+4r;,2)my; I =% (r;,2+r,,%)m;; I,,=%(r; +r; ?)m;;{always+;measure mass distribution about an axis}I,=I =

gf; er=[cose;s'i'ne;0]
b« ep=[-sind;cos6;0]

—Zrix*riymi;IXZ=IZX=—Zrixrizmi;Izy=Iyz=—ZrizriYmi;{+/—/O;measures of symmetry; If xy is plane of symmetry: I, =I,=0; If xy&zy are plane
of symmetry:I, =1 ,,=1,=0};Torque=t=L’'=(rxp)’ ' =r’'xp+rxp’ =V xmV +rxF=rxF=m*rxa; For rigid body t=)m;r;xa;=)m; [r;x (ay;+a.;) ]=2m; [r;x (ax
T +xVy) 1=ym; [r;x (axr;+ox (oxr,) ]=Toat+wxIew; Angular Impulse=K=Jtdt=fL’ (t)dt=L(t,)-L(t;);{Thus if 1=0:L(t,)=L(t,)=>L Consered; I (t;)

w(t))=I(t,)w(t,) ;but usually I(t;)#I(t,);&w(t;)#0(t,)}Until here,component of each vector were taken along world frame, ;but I(t)
=I~unknown;If =frame in CM at principal axes rotate with body;&its basis vectors=v;=v; (t) ;than I v,=I_,V;;I v,=I ,v,;I Vv;=I ;v;3;I .=
constants{I,, v; change together with time; v,;&I ;=eigen vector& value of I }& 0=0,=0,[1;0;0]+0,,[0; 1;0]+w,5[0;0;1]1=0,V 40 ,V,+W0_3V;=

Rw,.; (0,=w, (t) =component of o, taken along ,;R=R(t)=[v,,Vv,,v;]=rotation matrix from ,

to w) &LCM,w=Iwww=Iw ((Dr1V1+(A)r2V2+(Dr3V3) =("rl]:rlv1-|-(‘,1:2:|:r2

v,+0,I ;v;=RI 0 =I Re ;I =[I,,0,0;0,I,,0;0,0,I,,]1;I,=RIR';If r=body point; r =r_(t)=r, (0); r,=Rr_; r,’ =components of r,’ taken
along ; (r,” ,#0;r,’=0)R '=Inverse R=R";wx=W=[0,-w0,,0,;0;,0,-0,;-0,,0,,0];r,” =RTr ' =RT (0 ,xr,)=RTe0 xR’r =0 xr =W r =RT(Rr, ) '=R'™R’'r_;

L,=R"L =R’ (I o )=R?(RI,R"0,)=I,0,;1,~L,’=(RL,)’=(RI,0,) =RI,0, ' +R’I

r

®,; (I,’=0)t~=RTt=RT(RI,0,’+R’'I_ 0. )=R'RI 0. +R'R'I 0 ~=I 0. +0 xI o,

;{t=L,” ;1. #L,” }If 1,=0; we can find R& o, by solving:I,n,’'=I,0.x0.;& R'=R[0,-0,0,,; 0.5,0,-0,;-0,,0,,,0];{I in vector R from CM=I,
=I+tM[R,%+R,?, -R;R,, -R;R;; -R,R,, R, ?+R;?, -R, Ry; -R;R;, -R,R;, R;?+R,?]; I of 2 bodies v&u from systemCM=I +I }Translation velocity=V,;Work on
rigid bOdy=Z{.rFi (ri(t) ) .ri, (t) dt}=2{fmiai°vdt}=2{”imif (1v]2) ’dt}=Z{”imif ( |Vt+VTi [2) ’dt}=Z{lémif ( |Vt+oo><ri|2) rdt )=t (tz) oI (tz)w (tz) _%(tl)
oI (t;)@(t;)H M|V, (t,) |23 M|V, (t;) |?=KE,_, (t,) -KE_ . (t;) +KE_, (t,) -KE,, (t;) =AKE; {F, (r, (t))=VKE, (t) ;V,;=V,;if F;=0:KE_, (t,) +KE_., (t,) =KE . (t,
) +tKE., (t;)=>E conservation; V., (I&w®) in ,or, frame (*:0eIw=*|w||Iw|cosc); Z{SF;(r;(t))edr;}=>APE}In a&b collision(F, 5,=-F, 5. ) W =-W,;



For body: I,;,I,,,I,5; then t_.(t)=0;& by t.(t)=I o (t)+w, (t)xI w0 (t); we get: I_do,(t)/
dt+ (I,5-I,,) 0, (t) w5 (t)=0; I do,,(t)/dt+(I,-I,5)e,,(t)e,,(t)=0; I .do,,(t)/dt+(I,-I,)e,,(t)e,, (t)=0; do_;(t) /dt=0; so
W ;=constant; by C=w_;(I.;-I.)/I,;; we get: dao, (t)/dt=C*w_,(t); dw,,(t) /dt=-C*w_ (t); derivate: E2@p(E)/dE?=c*dw , (t)/dt=FC2%N
BalE) ;=> SimpleIhAEHORiCIOSCIIISESE, FRORIE) /aE=-C*do,, (t) /dt-SCHRORIE)
GEORR (cnsure |o,(0) |=(A%+w,,(0)?)/?} If we define: World frame(x,y,z] such that z align with L,; Connecting frame[x’,
y’,z’] which is the result of rotation about z (by ¢’ rad/s), and then about x’ (by 6’ rad/s); Thus z,z’,y’ on same plane;
Rotating frame[1,2,3] which is the result of rotating the connecting frame about z’ (by ¥’ rad/s); w(t)=¢’ (t)2>6’' (t)D>V¥’ (t);
but w;#¥’; ¢,0,¥ are not orthogonal & used to separate spin from precession; then
; I <« BRI L. =L, |cos(8(t))=I, u,=I,0;; because w,=w ;=constant;{dw, (t)/dt=0}
6 (t) =acos (I;05/|L,|)=constant; thus 6’ (t)=0; 6(t)=6(0)=6; |L,6|=I,0;/cos6; L, =|L,|sin6=I @, =I,0, ; wy,=|Lw|sin9/I1=<|>’ (t) *sin®;
{6"=0& ¥’ perpendicular to w, so only ¢’ effect o, }P(E)SIL /Ii=D=constant=1;0;/(I;c080)=relative precession rate; o, =6’ (t)
=0; o, =w,=perpendicular to w,,w,,0,; so only o, effect w,,0,; w,=0, cos¥=¢’ (t)sinbcos¥; w,=w, sin¥=¢’ (t)sinbsin¥; o, (t)=
¢’’ (t)sinbsin¥+¢’ (t) O’ (t) *cosOsin¥W+¢' (t) sin6*¥’ (t) cos¥=0+0+¢’ (t) sindV¥’ (t)cos¥; I 0’ -(I;-I;)w;0,=0; gives: I;¢’ (t)sindV¥’ (t)
cos¥- (I,-I;)w;¢’ (t)sinBcos¥=0; W’ (t)=w;* (I,-I;)/I,=C=relative spin rate=constant;{I,.=I,; o; effected by ¥’ &d’; w,;=spin=¥’ (t)
+¢’ (t)cosB; ¥’ (t)=L,cos6(1/I;-1/I,)}If the body symmetry axis is initially inclined by an angle 6 from L, (vertical), with
an angular velocity w;,than the motion of the plate is given by:$(t)=D*E=03I5/(T] cos0)*Et; 6 (t)=6(0); W(t)=C*t; (v (0)=4(0)=0}
¥ (t) represent rotation; ¢(t) represent wobbling (nutation=torque free precession) {if the body has no initial orientation,
to find orientation in time t: rotate the body C*t rad about its 3-axis, then rotate the body D*t rad about L=[I, o, (0);
I,,0w,,(0);I,50,5(0)] (that now is not the world Z axis), L is ©=arccos(I,w;/|L|); rad from the body 3-axis; ¢’=rate that body
3-axis precess about L[rad/s] not depend on the rotation about the body 3-axis (¥), becauss
¥ don’t move the body 3-axis; but ¥ depend on ¢, each ¢ rotation rotate ¥ one cycle} 0123=Rotating frame;
{Observer in world frame would see the z’-axis(&w) trace out a cone as it precesses about] Oxyz=World frame;
L; the body cone(z’center) rolling along the space cone;w is line where the 2 cones touch;
AR TR STt LRIt AR T f the body symmetry axis has negligible thickness: =I,,=%MR?; IE

BE-BE-Bl (M-mass,R=radius); ¥(t)=-e;*t; $(t)=2%w,/cose*t; ; {wobblind

frequency approaches twice the rotation frequency, but the wobbling amplitude also decredses}.

z

L )
D' |Gx=Gcos(90-¢
Gy=Gsin(90-¢)

Sl

G
Ox'y'z'=Connecting/
frame {z'=03;

X'= intersection

Cone

R \
Space N % d¢
B




Appendix 1: General Rotational Motion Visualization . e Body mass [0.1..100kg]
To visualize the rotational motion of a general object: find its ' Hodyaeeul Caet1]
principal axes of inertia(axes from center of mass where all - _'_“_—'_" Body depth [0.05..1m]
products of inertia are 0; possible to find for any object; for E S Body height [0.05..1m]

ellipsoid its our s;,s,,s;); Align these axes with world coordinates ' Moment of inertia tonsor [ko m=]
(x,y,2),the object center of mass will not move and it’s on [0;0;0] ' N http://www.ialms
w=w at time 0; m=object mass; For ellipsoid object calculate:I;=m* ; .
(s,2+832) /5; I,=m* (s,%+s552)/5; Ij=m* (s,°+s,%)/5; T=I,0,°+I,0,%+I505%; draw B ' NS

body ellipsoid:1=x2/(T/I,)+y?/(T/1,)+=z?/(T/1,); From now on,object ' . : Starting orientation (rotation by X,Y,Z) [°]
orientation will be the same as the orientation of this body :
ellipsoid; Calculate: L=(I;0,)2+(I,0,)%+(Iw,)?%; draw the momentum < Starting angular velocity about X',Y",Z' [rad/s
ellipsoid: 1=x2/(L/I,?)+y?/(L/I,%)+z?/(L/I1,?); Draw the on the
body ellipsoid, the is the intersection curve of the body _
ellipsoid &the momentum ellipsoid. The point w lie on the body Herpolhode
ellipsoid, draw a normal to the body ellipsoid at that point (This [ietetll

normal=(2/T) *[I,0 (1) ;I,0(2) ;I (3 ydraw an FRRERSEIEISREEENREIE with t;ﬁigi)l‘?aasl[mdls]

the same normal at point w(distance between[0;0;0]&invariable plane |[EEteEEiEPT=tE
. . . . \ ®'=(0.0046,0.2278,5.9991) [rad/s]
=T/VL); To visualize the motion: roll without slip the body w'e=(0.0151,0.2273,5.9991) [rad/s]

ellipsoid on the unchanged invariable plane, such that: the center [l

: : : L={0.36,0.67,1.85) [N.m]
of mass is unchanged, the curve traced out on the body ellipsoid by 7 el e

the points of contact with the plane is polhod & the curve traced E:ro:(=5_-6)358g15]0“ Body Ellipsoid
rot(min)=0.
out on the plane by the points of contact with body ellipsoid 1s Ekrot{max)=6.4884 ] Not to scale Momentum

While polhod is closed curve, AL T ————————— - : | -ELlip=old
herpolhode is an open curve meaning that ) I —S—N—— e ’ |

rotation doesn’t perfectly repeat itself.
Example: Rotational motion visualization of N / 5
orthogonal parallelepiped sizes=[0.05;0.3;1]; PR TR S SRR,
m=40; (Iiorthogonal_paralle1epiped=IiEllipsoid*5/12) ; vy /) v/ et the oo

For various w; in the green/blue cases the [Nl
finish to roll in the invariable plane in 1.147s

& in 1lls the lCEacJallslfelEl finish to create the , 5/ sariog o vty
first almost closed circle in the invariable / T e

plane; The [CaclolBefclels! curve is almost a closed T 7 . P\ |_Body W

circle but it’s never exactly repeat itself B i : . | o T s
© 0

The red case show rotation about an intermediat

axis, which is unstable, meaning that the

-1
_ o2 . : , Object m=40
5% o 2762004 s= (Ellipsoid Shape)
63 \ < P
direction of motion can vary a lot.

350[)]

s=[0.05;0.3;1]
w=[0.1;0.2;6]
All to scale



Body width [0.05..1m]

Body depth [0.05..1m]
" Body height [0.05..1m]
Starting angular velocity

N t=82.6220 [s]
N\ | @ | =6.0040 [rad/s]
N, | ©=(0.26,0.12,6.00) [rad/s]
S\ | ©0'=(0.0921,0.2078,5.9997)
| w'e=(0.0961,0.2040,5.9999

w(err)=0.00556869852913]
|L|=7.2948 [N.m]
L=(0.45,0.67,7.25) [N.m]
L'=(0.42,0.69,7.25) [N.m] |
Ekrot=21.8395 [J] )
Ekrot{min)=5.8693 1
Ekrot{max)=22.0199 J

2 » \\ n. \i“\_ } 5K ‘
- e.. T = N % ‘

|@]|=12.0020 [rad/s]
®=(3.18,1.29,11.50) [rad/s]
®'=(-0.0971,0.2018,12.0000) | K
w'e=(-0.0779,0.2114,11.9998)
w(err)=0.0214710756235504
|L]=3.7774 [N.m]
L=(0.36,0.67,3.70) [N.m]
: L'=(-0.35,0.68,3.70) [N.m]
Ekrot=22.2850 [1]
Ekrot(min)=1.9636 ]
Ekrot{(max)=23.1384 ]
9 N

Starting angular velocity
\about X,Y',Z' [rad/s]

Body mass [0.1..100kg]

Boviradhsiense il 93,0.27,0.33) [rad/s]

0.8194,-0.5819,0.2000)
-0.8183,-0.5834,0.2000).
0.0018309091547092

Body height [0.05..1m]
\

0.74,-0.53,0.36) [N.m]

Ekrot(min)=0.2675 1
Ekrot{max)=0.5300 J

=\ | i“‘\s‘\\%\“‘

N vl

AN
S

P t=82.6280 [s]

S—7 o\
| @] =6.0042 [rad/s] Sbﬁ = “‘-_ \
©=(3.10,4.33,2.78) [rad/s] ANy ‘ﬁ‘ R
®'=(0.1604,-0.1558,6.0000) [ \ = ‘I v“

D= R 5z
;)'ee:r(oil517,-0.1643,6.0000) N\ N ‘; = ‘A_ '
L, g o™\ ‘?g}‘@"g‘w

L=(0.34,0.69,1.20) [N.m] BN -.“ S
L'=(0.55,-0.54,1.20) [N.m] s‘ﬂ,\:z’a?;
Ekrot—3.6858 (7] Main velocity S R
Ekrot(min)=0.2955 J 5 . "
Ekrot(max)=5.0735 J about the long axis >

Body mass [0.1..100kg]
Body width [0.05..1m]

Body depth [0.05..1m]

<\ Body height [0.05..1m]
Starting angular velocity
\about X,Y",Z' [rad/s]

t=82.7150 [s]
|®]=1.0247 [rad/s]
| ©=(0.16,0.08,1.01) [rad/s]
®'=(-0.1554,-0.1608,1.0000) |
w'e=(-0.1540,-0.1621,1.0000)
w(err)=0.0020166411266125
| IL]=0.6039 [N.m]
L=(0.03,0.06,0.60) [N.m]
L'=(-0.05,-0.05,0.60) [N.m]
Ekrot=0.3077 [J]
Ekrot(min)=0.3040 J
Ekrot(max)=0.5915 J

parallelepiped Herpolhode

Body width [0.05..1m]

Body depth [0.05..1m]

b - “ﬂ y W Body height [0.05..1m]
40N Y : -
A Qe L Starting angular velocity abg
X =
A } RN K ‘ R \ t=82.8040 [s]

|@w|=6.0042 [rad/s]
®w=(1.59,1.56,5.58) [rad/s]
©'=(0.1090,0.1952,6.0000) |
w'e=(0.1175,0.1903,6.0000)

Mass=40; Sizes: ~cycle (s)

s SO
N B gc‘
\“.

w(err)=0.009765922506355
IL]=3.6905 [N.m]
L=(0.36,0.73,3.60) [N.m]
L'=(0.40,0.71,3.60) [N.m]
Ekrot=10.8908 [J]
Ekrot(min)=1.8743 ]
Ekrot{max)=11.3500 ]

A

B

Body width [0.05..1m]
\\ Body dépth [0,05..1m]
ly height [0)05..1m]

ﬁartin/gf}gular vei
X

t=82.7010 [s]

| ®|=6.0045 [rad/s]
@=(-2.57,-3.06,-4.48) [rad/
w'=(-0.1179,-0.1880,-6.000
w'a=(-0.1091,-0.1943,-6.00
w(err)=0.01079154345140]
|L]| £2.0003 [N.m]
L=(-0.36,-0.67,-1.85) [N.m]
L'=(40.42,-0.63,-1.85) [N.m
Ekrot=5.6350 [J]
Ekrot(min)=0.5506 ]
Ekrot{max)=6.4884 ]

Additional integration steps
Integration period=0.001 s

Herpolhode=‘cur’ve traced out by w,,



Classical Electro-Magnetic Theory: p of stationary e/e*{u<F,_ &1, €L }can be simulate by g that move in circular pathé&
using: F_=q,q,r%/(g,4n|r|?); F,=qvxB_; B,=10"'qvxr"/|r|?;we can calculate the general equations:-; {if e(mass=m.)move in
circle(w=[0;0;w];Radius)L=m_Rxv;is in B_,its circular path feels t=[d1 (6=0 to 20) =sw | R| 2 [B,,; =B.; 01=pxB,; p=Lg/ (2m,) ;0=|w| [sinb, cose,;
sin6, sing,;cos®,];Perpendicular:R,=|R| [sin (6, ,+II/ 2)cose,;sin (6 +*I) sing, ;cos (6,+%Il) ] ;Rodrigez:R=R,cos6+ (0"xR;) sinB+w" (w"e8R;) (1-cosb) }
Thus, for e(g<0)/e*(g>0)p&L antiparallel/parallel; This t tends to line up p with B_,, highest/lowest energy configuration
is when p is antiparallel/parallel to B_;{t=pxB.; |tl=|ul|B.|sina;o=angle between u&B.; W,.=f|ul|B.Isina(a=II to 0)=2|nl||B.|}

BERIOTSESENESEAIEIS (= orbit generate B,-jd3, (0=0 to 2m)at r;If r>>x)|BIISSIOTIIEI (IH#3ESMMAAIEL  (o-betveen rsn)
TBUIas=2IBilas © exerted by p, on b~ TERARIEI) (B L) MRE=R) (P EREEN G (rr= | Fe | /c? (v, (Ve

; Force exerted by p, on p=
;{The circular path when r>>R feels F=JdF(6=0 to 2I);r=from a to b;u,=4nl07;B,=B,(r)=10"7(3 (u,® .r) _r (vl

r¥) r¥-p ) /lrl3;V on variable r;& then Placement of r}-;

-;{w:fv(paoBb(r) )dr=y_,®B, (r,) -11,®B, (r;) } If 2 same p e’s stand along p: |F.|=q9,9,/ (g,4n|r|?); Fe V1
IFa =11, Inpl 6o/ (4l )?) ; |F |/ |F l=121%2/3 (cm,/ (1S1g,))?=1r1%8/3 (cm./ (hg,))?=4.460352055599433%1024 | r|2; 2 g
{S,=th/2;1,=S,9.a/ (2m.) ; €41oC?=1; 1,=41l07"} |Biu|m.ﬂx=~2*10'7 Inl/1xl® =10""hg.q/ (2m | x|3) ; =C 10 ql

IBiy lmax=107"q|v|/1212; |Biylpax/ IBip |l max=1VI |r|2m, /hg ,=8627.9872750518003976252304522023 | £ | | V| ; q2/f/ I T I 2
(I£f vo=-v; Fm=0)

V=0XR
' dF ciqvaE (d)

Be (d)=~10""

(3 (pp@dY) dv

-up) /147
=M RxV; 1a=Lg/ (2me)

App3.m— ! s R—IRI[cosB sin6;0]



If y(x,t) describe the y component of tiny(dx>0)piece of an almost horizontal rope (6>0)with mass density

ass=dm=p*dx

p(dm=p*dx) it must satisfy: 8%y/9t?=T;/p*d%y/0x?; 1D wave equation (1Dwe) ;{F=ma;Fy=ndxd’y/dt?; T,=Rope Tension; , — e
0>0; sin(0)=6; Fy=-T,sin (6)+Tysin (6+d6)=-T,0+T,(0+d0)=T,d6; tan(0)=9y/dx; 8%y/dx’=dtan(0)/dx=0'/cos (6)?=d0/dx;6->0] %4 Iy :

cos (0)?=1; dx*9%y/9x?=d0; Fy=p*dxd?y/dt?=T,d6=T.dx*d%y/Ix*}If w?=T,/p*k?; Any f (k*x+w*t+ph) satisfy 1Dwe=39%y/at?= } :

| v|29%y/8x%?; {T,=ma [kg*m/s2] ;u=[kg/m] ; (Tz/n)/2=|v|[m/s];v=-w/k}wavelength=A &period T defined such that £(x,t) y=xf (xiv*"é‘;"
f(x+A,t)=£f(x,t+T); frequency=v=v/A; Amplitude=A; Phase=¢@; {f (x,t)=RAet("*wt49) . £ shape travel along x with v;

A=2n/k; T=2n/w}Af=08%f/0x2+9%£f/9y?+92£/9z?;Any f=f (ker-w*t+¢) {f shape travel along k}|v|2=c?=w?/|k|?; satisfy 9°f/ vé =0 ev
dt?=c?*Af;3Dwe; If g,f satisfy 3Dwe (same c)f+g,f*g,af+bg also; superposition principle; Thus, if a particle x|
is a wave, it can be analyzed as a linear combination of W(r,t)=C*e(i*(Ker-0*t)) . wayves with the same |v|; velocity= ’

where C=A*e(i®); K=2nv/(A|v|); w=|v||K|;|p|=h/A; h=h/(2n) ;true also for electrons & also for any particle;
E=KE+PE=m* |v|2/24U=|p|2/ (2*m) +U; {p=mv; PE=U}by frequency=f=|v|/A;E=hf; WE=-h?/(2m) *AU+U¥=1ihoV¥/at; (AV=-V|K |27
-0 (2n/N)%2=-¥ (|p|/h)?; Y| p|?=-h?A¥; |p|?=2m(E-U); ¥Y2m(E-U)=-h?AV¥; w=|v||K|=|v]|2n/A=f2n=2nE/h=E/h; 0¥/dt=-iwCe Ker-
o) =—iP=-iWE/h; -h/ (i¥)9¥/ot=E}Schrodinger equation(s.e);If z=a+ib; z*=a-ib; |z|?%=a’+b?=zz*; If V¥ is
normalized such that [[f|¥(r,t)|2*drx*dry*drz=[ |¥|?*dv=1; (each [ from - tom) then: |¥(r,,t,)|?*dv can

[0.1;0.4;0.8].:

Il

Color="° ™

describe the probability that a particle that is measured at time t, exists at position r;{if the particle

i
Acos (K@r-

~~~~~~

[ |

2e
$2e
830,

L 0=V IK
wt) . K=2nv/(A|v]) °

is measured at time t it must exist somewhere; |¥|’=probability density}; By s.e: Knowing ¥(r,t0) determined ¥
times. if ¥,,¥, are solutions, a*V¥ +b*¥, is a solution(a,b=complex);V¥,;,¥, eqvivalent if ¥ ,=a*V¥,; H°=-h?/(2m)A

at all
+U;

HOU=UE=iha¥/at; K=p/h; W=Ce (i(Ker-ot))=Ca(i(Ker))g(-i0t)=Ca(i(Ker))g (-iEt/D) =y (r) U (t)=Ce (i/h(Per-Et)) ., Vf=[9f/0x;9f/0y;3£/9z];
V¥=i/h*¥*p; Momentum operator=P°=h/iV=-ihV; P°WU=pW¥; Position operator=r°;r°¥=r¥; Angular momentum(rxp)operator=L°

=-ihrxV=-ih[y8/9z-2z8/9y;z8/9x-x08/9z ;x8/0y-yd/dx] ; {axb= [a,b,~ab

Z

giab,ma,

=-Xing/oxf+ind/oxXf=-Xinf’ +ih (£+Xf’)=ihf; [L,,L,]=ihL,;

rotate by ¢
s = .
&t +o)_(i¢,i0

CcOos

Length=1

b,;ab,~a,b, ]} L°W=L¥;Kinetic energy (mv’/2=p?/(2m))operator
=K°=(-ih*V)2/ (2m)=-h?V?/ (2m) ; K°WY=K¥; Potential energy (U=U(x,y, z))operator=U°; U°W=U¥; Commutator=[0,,0,]=0,0,£-0,0,£f=0; [X, Px]

[Lz,Lx]=ihLy;[Ly,Lz]=ith; If we can measure 2 things at the same time

then their commutators must equal 0 (their operators must be able to act simultaneously on the same state)Thus we can’t measure
X&p,L,&L,,L,&L,,L &L, at the same time; Heisenberg's uncertainty principle; functions are just infinite dimensional vectors
Dirac notation:Instead of ¥ (x) we write vector with x dimensions (for position x=mw)with values ¥(x) in each dimension=|¥>=

SV (x) | x>=[V(-0) .. ;¥ (x-dx) ;¥ (x) ;¥ (x+dx) ;.
<a|=Bra Vector=[a,;",a,”, .

.W(mw)];|x>=basis vector{e.g:[1;0;0..],[0;1;0;..]..}while |a>=Ket Vector=[a;;a,;.
.1=(1a>")T; If |x>=basis vector then V¥ (x)=<x|¥>=0*¥(-m)+..+1*¥(x)+..+0*¥ () ; <V |¥>=PY*(-m) *¥ (-m0) +.

.1

..+¥" () *¥ () =1; For any operator O: OV (x)=g¥(x); 6|\IJ>=g|'~IJ>; g=eigenvalue{real;result}; |¥>=eigenvector{state of system(2 or
more) }; 6=Hermitian{0bservable; measurable} {Matrix M is Hermitian if M=(M")T;Matrix M is Hermitian if its eigenvalues are real}The
measured spin along axis(z)=%h,-*h; (eigenvalue)lets define their eigenvectors as |+Z>=[1;0],|-2>=[0;1]&find their operator
§Z=[A,B;C,D]; by 5,[1;01=h/2[1;0]1=[A;C]; 5,[0;1]1=-h/2[0;1]=[B;D];thus §z=’>§hoz; 0,=[1,0;0,-1]; Assuming spin operator is like L
operator($,,8,1=1n8,; [S,,5,1=1n5,; [S5,,8,1=1n8,;using this we find §,=ho,; o,=[0,1;1,0]; §y=1/§hoy; o,=[0,-i;i,0];&their eigenvectors
| +X>=[270-5;270-5] | -X>=[270-5;-270-5]; |4Y>=[270-5;i*270-5] | -¥>=[270-5;-i%270-5]; o=[0,;0,;0,]; S=ho; |§|=(5,2+5,2+8§,2)1/2=1n31/2/2;
(I=Identity); Position operator has m eigenvectors & meigenvalues; <V|O|¥>=YP(g;)g;=Average value{<-Y|S |-Y>=-h}



Unit direction=u=[sin@cos¢;sin6sing;cos0]; §_ =ueS=+h[cosO,sind (cosp-ising) ;sind : e " 3G “ /Z_\/,f(“"'“’)
(cosg+ising) ,-cosB]; its eigenvalues +%h,-%h& eigenvectors |+n>=[e(-i%/2)cos (0/2) ;|Source 2 i @ 7N — N
eli®/2)gin(6/2) ], |-n>=[-e(-1®/2)gin (8/2) ;e'i®/2)cos (0/2)]; {or |+m>=[cos(6/2) ;e ®sin(6/ 2 No z_ v
2)], |-m>=[-e*®)sin (6/2) ;cos(6/2)];are spin up,down point along 6,¢}{by [V,D]=eig(Sn) S.G Zt e Ly y.. |

& normalize by u=[V(1,2);V(2,2)];nu=u/norm(u)..}{if there is spin*s particle in state [Source sl R

|+n> probability of finding it in spin up state|+Z>is <+Z|+n><+Z|+n>"=cos?(6/2)}If a & a}us?@ > QS

particle prepared as |¥> to see how it will be measured in |+n> we can write it ‘ Zy e Ty . Zy
with base change: |¥>=[e(iF/2)cos(a/2) ;e!iF/2)sin(a/2)]=x[e("i*/2cos(0/2) ;e®*/2sin (0 |Source _:S-G' _'S'C" _'S'G' ]
/2) 1+y[-ei%/25in(8/2) ;e®*/2)cos (6/2)] ;& slove for x;x=<+n|¥>; The probability # ame@ £ *‘XIST% i T
that it’1ll be measured in |+n> is x*x*; {If P=0=0; x*x'=<+n|¥><+n|¥>'=cos ((6-a)/2))2;<+Y|+X><+Y|+X>"=z} |m e 800 I e
If a particle prepared as |¥>& than as |+n> its state is g=(<+n|¥>) |+n>&the probability that it/ 1 A ]

be measured in |+m>is <+m|g*(<+m|g)*; If a particle prepared as |¥>&than we use stern Gerlach machine in direction n(SG,) &
we take both |[+n> & |-n> to SG, the probability that it’1ll be measured in |+m> is <+m|¥><+m|¥>* (mixed state is like we didn’t
use SG,);The spin rotation operator for a rad rotation about unit vector u=[cos(a/2)-iussin(a/2) ,-sin(a/2) (u,+iu,) ;-sin(a/2) (I
u,-u,) ,cos (a/2) +iussin (a/2) ]=exp (-ia/200u) ; {e*=x"+x1+¥x2+..+x"/n!; (icu®S/h) "=matrix multiplication; x°=1}In weak B:H°=|P°|2/(2m) +U+p; (L°/
h+og,/2) ®B; {P°=-1ihV; | P°|?=-h2A;u,=Iqlh/ (2m.) ; [J/T] y=9.9/ (2m.) ;ug=1qlh/ (2m.c) ; [erg/G(cGS)] }Focusing on spin contribution alone:H°=-peB
=-ySeB=-y*hoeB=-syh (0,B,;+0,B,+0,B;) =*sh[w;, ~i0,+0, ; ®;+iw,, -®;] ;©;=-B,Y;0,=-B,y;0;=-B,y;its eigenvalues:Ep=%h (0,?+0,2+w;%)/?;Em=-Ep;
represent electron spin up,down energy;{if o=between p&B;E=[|u||B|sino=-|ul||B|cosa=-pueB;Electron spin up/down is in same/opposite
direction to B;for electron S&u opposite,thus electron spin up has p opposite to B&positive energy (E=--|ul||B]|) }U(t)=Time evolution
operator=exp (-iHt/h)=e(iYS*Bt/h)=Rotation operator (with o=-y|B|t; u=B/|B|);For 2mn rotation about any axis |+n>-|+n>; For|+n>= |+n>
we need 4n rotation{spin 1&2 particle requires 2mn&m;No experiment has yet been verify the 2m rotation predictions}

B For B=[B,;0;B;]; H=%h[w;,0;;®;,-0;] ;sina=B,/|B|=B,/ (B,?+B,;?) /?=w,/ (0,%+w;2) }/2; cosa=w,/ (0,?+w,?) /2; H=%h (0,?+w,?)/2[cosa,sina;sina
,-cosa] ;Eigenstate: | +A>=cos (a/2) | +Z>+sin (a/2) | -Z>; &Ep=h (@,2+®;2) /2; |-A>=sin(a/2) |+Z>-cos (a/2) | -Z>; 8Em=-Ep; Rearrange|+Z>=
cos (a/2) |+A>+sin(a/2) | -A>; |-Z>=sin(a/2) |+A>-cos (a/2) |-A>; |¥(0)>=|+Z2>; Time evolves: |¥(t)>=exp (-iEpt/h)cos (a/2) |+A>+exp (-
iEmt/h)sin(a/2) |-A>; Spin flip probability=p=probability to get|-Z>from time evolve [+Z>=<-Z|W(t)><-Z|| cin(e)cos(o); [0)
| (t)>*=sin? (a) sin? ( (Ep-Em) t/ (2h) ) =0,2/ (0,%+0;%) sin? (t (0,?+w,%)/2/2) ; {with same basis vector;If[ Z B oo 2
B,;=0;w;=0;p=0; If B;=0;w;=0;p=sin?(tw,/2);If t=2nh/(Ep-Em);p=0; If t=nh/(Ep-Em);p=sin?(a)}

B For B=[0;0;B;] ;H="h[w;,0;0,-w;] ;eigenstate: |+A>=|+Z>=[1;0]; & Ep=thw,; |-A>=|-Z>=[0;1];
&Em=-%he,; If |¥(0)>=|+n>; Time evolves: |¥(t)>=[exp(-i(p+w;t)/2)cos(6/2) ;exp (i (p+w,
t)/2)sin(6/2)];{ihov/ot=ih[-iws*¥,; iws»¥,]=HU=E¥;if ¥=eigenvector of H° than E*E" doesn’t B, |yt1))
change with time (&¥=stationary state)}0 between the spin & B stays constant while ¢
increased by w;t(spin precession frequency is independent of 6); corresponds to Bloch
vector precessing around B with angular frequency(|angular velocityl|)of ®;{Bloch
vector=[sin(0)cos (@) ;sin(8)sin (@) ;cos(8) lJcorrespond to|n+>;If 626+m; |+n>>|-n>}

¢=06=m/2
|0) +i|1)

|+) ; g

0) — 1)

V2
0) +11)
V2

Bloch

Sphere ¢ , 0
) = cosi [0) + e”"sinzll)




(<H+Z] W () ><+Z| | ¥ (t) >*=cos2(0/2); <-Z||¥(t)><-Z||¥(t)>*=sin2(9/2)} Rabi's Atomic Beam resonance method Applied magnetic field

B If B, rotating about B;: B=[B,cos(wt) ;B;sin(et) ;B;]; ®,=-B,;Yy; magnet A magnet C magnet B LL high S §
w;=-B,y;H°="h[w,;,n,exp (-int) ;0,exp (iet) ,-w;] ;¥ =¥ as viewed from ey B
the rotating frame; ¥=[¥,;¥,]=[¥,exp(-iet/2) ;¥ exp(iet/2)]; S N

{Rotation operator:u=[0;0;1];0=0t}¥,=[exp(int/2),0;0,exp(-int/2)]¥ IdB!dz ldB/dz 4 ~¥" Proton spin ;:-,EL-%;JI,:;Q“"‘

¥,
-— . . -1 3 1 =Hoy - > — . = orm
=[¥,1;¥,,]; (M} Rewrite 1ha\II/alt—H W; ihov/ot=ih[o¥,/0t;0v,/0t]= . W_H—;—HH —t— " orbit —
ih[0¥,,/0texp (-int/2)-iw/2exp (-i0t/2) ¥, ;0¥,,/dtexp (i0t/2)+iw/2exp (| source Htt- ':‘:tl FHH —%"H detector . nucleus
int/2)¥,,]=HP¢=kh[w,¥ +t0,exp (-10t)¥,; v;exp (1ot) ¥;-0,¥,]1=h [0,¥ exp (-1 t *1‘5
ot/2) toexp (-iwt/2)¥,,;0exp (lot/2) ¥, ~0¥ exp (iot/2)]; split Prot on spin

1 r
equations & Rearrange ihdV¥ ,/dt=-h¥  (0-w;) +*ho,¥Y,,; i1hd¥, ,/dt=
ho,¥,,+#h? , (0v-w,) ;combine with Aw=w-w,; ihd¥ /dt=*h[-Aw,0,;0,, gne_rgy
Aw]¥Y =H °P_; HZ° is time independent; Spin flip probability=p=

|<-2 | > 2=|\p2 2=|'~I-'r2exp (int/2) 2=|Wr2 2=|<'Z|‘I’r>|2; & this was Magnet A,B=InHomogeneous; Magnet C= Homogeneous Bz
+Rotating Bxy(at Larmor frequency flips spin &

calculated 2 sections ago with H=%h[w;,®;;®;,-03;]; now we have| e ; g y .
. , give minimum intensity at detector, leads to high small rotatlngB
H,°, so we need to replace former section’s w,>-Aw and we get

r /! ) recision measurement of proton magnetic moment) flips the spin
pP=0,2/ (0,?+Aw?) sin? (t (0,2+Aw?) 1/2/2) ;If 0D w;; (Resonance condition)—p e i P P

. . . onetic tesonAne Bz Bz=Bs
Aw=0; p=sin?(tw,/2); w,=2nf;so if we fire photon f=w,/(2m); at P| Magnetic resonance Amplinade of the
- - - . . curve

right angle to B; it will flip the electron at~ t=n/e,; this spin flip probability] ¢ A

photon has energy E=hf=2nhf=hwo;; {E=-jeB=-yS5eB; so Electron:spin FWHM ,,,13 b Bi=

up E=-v¥hB,=%hw,; & spin down E=y¥hB;=-%shw;;AE=he;; |o;,|=IB|y; Rabi Lorentzian curve (0-0s) +0] |*3 Y  Bxy

method true for electron/atomic nuclei in liquids & solids;} Precession of | Rotating
Nuclear Angular| Magnetic

M Dirac equation: E=(p?c?+m?c?)'/?; so E=(p?*+m?)!/2; If «,=[0,0,0, s o|momentum I Field Bxy

1;0,0,1,0;0,1,0,0;1,0,0,0]; ®,=[0,0,0,-i;0,0,i,0;0,-1,0,0;1,0,0, 0], «y=[0,0,1,0;0,0,0,-1;1,0,0,0;0,-1,0,0]; B=[1,0,0,0;0,1
,0,0;0,0,-1,0;0,0,0,-1]; & I=4*4 Identity matrix; (c(p1011+p2012+p3013)+c2m[*})2—(c2 (p12+p22+p32)+c4m2)I=E2I=(EI)2; v, Replace with
Operators (P°=-ihV; 3/9X=3,) & use ¥=[V,;V,;¥;;¥,]; we get: (c(-ihd,a;-ihd a,-ihd,a;)+c’mp)¥=H¥=Iihd ¥=Dirac equation for free
electron; expand & rearange: [c’m¥,-hc(9,+id,)¥,-ichd,¥;-ihd. ¥, ;c’m¥,-hc(id,-9 )¥,+ichd,¥,-ihd ¥, ; -c’m¥;-hc(9,+19,)¥,-ichd,¥,-iha,
¥;;-c’m¥,-hc (i8,-9,) ¥, +ichd,¥,-ihd,¥,]=0=D,; If y°=; y'=[0,0,0,1;0,0,1,0;0,-1,0,0;-1,0,0,0]; y*=[0,0,0,-i;0,0,1,0;0,i,0,0;-1
0,0,0]; y*=[0,0,1,0;0,0,0,-1;-1,0,0,0;0,1,0,0]; y"3,=y%°9./ct+y'd,+y?d,+y3d,; ihy"3d W-mc¥W=0=Dy;{D,,=D_,/ (-c); D,,=D,,/(-c); Dy;=D_/c;
D,,=D_,/c}L,=-i (x8/dy-yd/dx); I1If §,=%[1,0,0,0;0,-1,0,0;0,0,1,0;0,0,0,-1]1; & J,=L_+§5,; than [H,J,]=HJ,-J,H=0; => Total angular
momentum (J) is conserved{Observable is constant of motion (does not depend on time) if it commutes with H}so §z correct &
because for p=0: id ¥Y=[m¥,;m¥,;-m¥,;-m¥,] ; Negative energy represent antiparticle (positron);Thus ¥=[SpinUp electron;SpinDown
electron;SpinUp positron;SpinDown positron];{Thus Quantum mechanics & special relativity gives Dirac equation, Which predict
electron spin, antimatter and Hydrogen fine structure line; Shrodinger & Dirac equations predict: Energy level differing by only
tiny amounts, & electron probability distributions that are practically indistinguishable}



In AYEESGERNEESH clectron (mass=m_; position vector=x.) & proton(m,;x,) orbit each other about a common center of

mass; In hydrogen electron exerts on proton force=F., =m *a,; & proton exerts on electron force=F_, =m *a =-F,

9p=

-m,*a,=m.*a.; a,=-a,*m,/m, ; The relative position of the electron with respect to the proton=x,,=x.-x_;
The relative acceleration of the electron with respect to the proton is a,,=a.,-a,=d’x_ /dt’-d’x,/dt*=d?/dt” (x.-x,) =

d2/dt2Xrel:ae_ap:ae+ae*me/mp:ae* (1+me/mp) :ae* ( m +m /m *me* ( (mp+me) / (mp*me) ):Fpée/p; u=nle*mp/ (me+mp) ’ d'2/d't2xre1=a'rel=
Fos./B; r=|x,,;|; For Hydrogen potential energy— IFpeel*r=— (k*g *q /r*2) *r=U=-k*e”*2/xr; {k=8.9::51793*10"9; g ,=-g,=e=1. 602176631
*107-19C; m_=9.1093837015*10"-31kg; mp=l.67262192369*10/\—27kg} L2 2 i
-h*2/ (2m) *AWH+U*W=E*W; (*r~2; Substitute ¥ (6,®,r)=R(r)*P (e)i I [qinﬂi( a‘?]a—i(g nea_li") ;8 ?] |
*F (§) =R*P*F; d¥/dr=dR (r) /dr*P(6) *F(®); divide by R*P*F} 2p risin®| — dr\ dr) 96 d6 ) sin6 d¢~ | :
2 A in spherical B i B
] ! ') !R 2 w 3 ] P I !-" — B e -
—(—[r‘ (—]+ ",J(I:r‘ +ke'r)+ d [ nﬂi]+ ”7,( —|=0| coordinates +U(r)¥(r.0.¢) = EY(r.0.9)|/.
Rdrl dr) Psin@ d6 d8 | Fsin“0 d¢°

a(r)=-b(6)-c(®,0); if we vary only r, b(6) and c(®,0) can’'t vary

| al. arf I a°F
First 2 terms are function of r(=a(r)),So: a(r)+b(0)+c(®,0)=0; [Pﬂinﬂdﬂ[smgdﬂ]+P'Qin:efiq)::l:q'

. . Ap *s1n?0
but the equation must hold so:a(r)=Constantl=-C,; if we vary only|sinf dl: neﬂ’:l+lff r =C sin8
sinf d ed_P i A= __d F_ _C ®, left side can’t vary but P do de) Fdo~ T
P ael ael T ~F d¢? 9 equation must hold so left side=right side=Constant2=-C,=m?; W(r,0,¢0) = R(r)P(0)F(¢)

if  Flg)=F¢+2nm) |d?F/de?=F*C, =-F*m?; F(&)=A*e" (i*m*®); F(&)=F (&+2*m) ; (physical constaint) n,/,/ ”
Ir:;;:gi A*e” (i*m*¢) =A*e” (i*m* (#+2*m) ) =A*e” (i*m*®) *e” (i*m*2*m) ; 1=e” (i*m*2*m)=cos (m* ;s orbital magnetic
same : 2*m)+i*sin (m*2*m) ; m=0,%1,%2,+3...; Lets normalized F(¢) by [|F(®) | 2*de= 23::‘;::”' 23;’&?‘ ﬂﬂi,“;::"
poi J|A* (cos (m*®)+i*sin (m*®)) | *2*dé=[A*2* (cos (m*$) *2+sin (m*P) * d P

2) *dé=[A*2*dé=[$A2+C3]=2n*A*2=1; A=1/(2m)*(1/2); C.=-1(1+1l)siné 20 sin ¢ E) + [1(I+1) sin?@ — m 2]P=O

F A 1 imo| 1 d| . dR ”,u Co-m*; ;P@ —p+p. |Solve by Frobenius to:

V 2m R d’ di 7’ Laguerre polynomlals, are solutions of ;| *! - L L polynomial

) *r~1; dR/dr=r'*dX/dr-X*r=?; n’= ) o
—pek?/ (2Eh?) ; E=-ne‘k?/ (2n?h?) ; where 71 is non-negative integer.

d:Z(S)—{/UH) ”+I}7(s)_n /(2 X xR R0 K gy (a1 — )y g =0,
ds’ 1 )

s=2rue?k/ (nh?); r=snh?/ (2ue?k); gt N

Normalization constant

jml
@) = -t (1) AW

() = 5 (%)l(mg—l)l

Assume /(S ) - .s"'[/.(.\')cxp(—s /2) *-~h’n?/ (2pe’k?); s/r=constant; = Lgl) (;c) — (e_mx"“'o‘)
; ) ' d?X (r) /dr?=(s/r) 2*d?X (s) /ds?; n! dz"
d°L o=21+1; L’ (a+l-s);

dl. -
I:" N ’)(/—{_ I)JT+[}?_(/+ ] ):'[ =k ]\)(F') =5 [-f ;1 | (-Y)CXD(—S / 2) n_here=n-1-1>=0; n=integer>=1+

ds’ ds

App4.mYEm(9 ) sz mao Pm(COS 9)

1;| Normalized constant




wavefunction normalization integral

a,=h?/ (kpe?) ;
k=1/ (4ne,) ;

Normalized hydrogen wave function: ¢, (r,0,0)=R,(r) Yi.(0, o)

Yim (8, ¢)

Ry (r)

= (7 v 2 2 . | r=na;s/2;
| = jj ?j”|fe(;)) (0.9)] r*sin0dOdgar| T3> %
; L iml/ d || ag = 4?1-60;?'2 = 0.53x 107 %m
P-m. 3 — = 2xlmlf2 | 2 Pilxy HE
@) = -2 () e -
i fdy LE(z) = —— Ly{a)
@ = gy () @-0 [0 @
ime-i i L dl
t|r.ne |nFiepender1t Schrc?dln.ger equ?tlon,L (l) —_ ((3 T .0
ignoring all spin-coupling interactions q dra

~ - |

20+ 1)(I —m)

A7l + m)!
(n—101-1)!

1/2 o
:| PE'H'E (COS 9) elﬂ’l@
1/2

B 2
N nag

2n{(n + 1)}

l
27. 1 TL(L
(—) g~ T/na Lig_;_'-gl(?r‘/na.o)

nao

Probability density of finding an electron in

hydrogen atom in the n,l, m quantum state is

|®nlm|2 - ’tf),:;lm(?", 9: (b) ’lfifnl'rra(rs 0, d))

reduced mass p = m. M /(m. + M)
R _, e’
(-5 7~ o ) ¥(0,6,6) = B(r,0,9)

Laplacian in spherical coordina

and probability of finding electron in n,l,m
state in volume element dr = r2dr sin 8d0do is

Defined n=-pek?/ (2Eh?)
& than discover that

/ 2
w'nlm| dr for solution: n>=1+1;

K2 [1 0 (,00
“zﬂ:z'a:(’”a)*

Hamiltonian

n=1
oy
0

m=

l=1

2,1,1)

i

(O

>

(4,0,0)

o (0

(4.2,2)

1)

3
e

a

72 sin @ 00

n=1,2,3,...; 1<=n-1; 1=0,1,

0 1
sin 9—1/)- +

r2 sin? @ O0¢?
This is a separable, partial differential equation which can be solved in terms of special functions.
n=2 n=3 n=4 n=5 n=6

411'6()?"

vw=FEy| 2,3,...,n-1; C=-1(1+1);
-Cy=m?; m=0,%1,+2,...,%1;

Hamiltonian operator produce
specific values for E called energy
eigenvalues; V=¥ , ; ¥;=¥ 6 ,; y=eigen
functions{specific n,1,m};H*¥.=E, *V¥.;

mu=me*mp/ (me+mp) ; a0=hb"2/ (k*mu*e”2);%a0=0.53*10"(-10) ;
P=(1-x~2)* (abs(m) /2) *diff (1/
(factorial (1) *2~1) *diff ((x*2-
1)~1,x,1) ,x,abs(m)) ;
L=diff ((exp(s) *diff ( (exp (-
s)*s*(n+l)),s, (n+l))),s, (2*1+1)) ;
WF=- (factorial (n-1-1)/ (2*n¥*
(factorial (n+l))~3)*(2/ (n*a0))*3)~ (1
/2)*(2*r/ (n*a0) ) *1*exp (-r/ (n*al))*
subs (L,s, (2*r/ (n*a0)) ) * (-1) “m* ( (2*1+
1) *factorial (1-m)/ (4*pi*factorial (1+
m)))*(1/2)*subs (P,x,cos (T) ) *exp (i*m*
p)

App4.m




Schrodinger’s equation determines e~ “wavefunction” {=3 d. Z l’&= 2
A kot _ 3quantumnumbers |8 4 i 4 41 & g8
‘ - i u(r.68.0)=Eu(r.0.0) = 1,1‘ determine e” state 2“6 % g % /@‘ff W, ‘?’ ML NEes Wy oN B
2m, r @ W T |, -2 -1 0 1
| m,: -3 2 -1 o

“Principal Quantum Number”
mek2<>4 |

212 02
“Orbital Quantum Number”

n=1,2,3,.. “SHELL

For Hydrogen(for other atoms
depend also on |,ml..)

s, p,d, f “SUBSHELL”

<
E =- Energy 3} x

i

z
i

s

& "5\)(
2

¥.

3

KEz\\/ 1|)2c2 +mict —myc? 2

Relativistic

=0.007 297 352 5693

s

5 | 5902
* ¥

0and j = [ + 1/2 otherwise)

- £=0,1,2,3..,n1 _ kee?
L‘ =L =\/(({+1)h Magnitude of angular momentum c
“Magnetic Quantum Number” m,=-{, ..-1,0, +1...,{ 1/2 if{ =
LZ = m(h Qrientation of angular momentum

2
e Ejn = —MeC

eries

2

ries

(07

"%
Cm

%
Cf

1-—

1+

H);;ll';gé; S?r(ﬁlg lines

ji A=I4=— L o1 12
: . 2m n—Jj—3 + (-7 + 5) —a? Intensity| T,
£ 7 Wavelength(A)
— 41,2 2¢.2 15 926.2256
nl=3; n2=6; E=-pe’k?/ (2n°n?) 20 930.7482
— A A 30 « 037.8034
E=13.6*(1/n1%2-1/n2"2) ; peel) [ L eemitpersas
Dipole moment h=4.135667696*10"-15; 100 P| 972.5367
is quantized ©=299792458; % [eV*s] [m/S] oo ohysics. 300 P| «1025.7222
wl=c*h/E$E=h*f;wl=c/£f; nistgov/PhysRe 1000 P gl215.66824
fData/Handboo 500 P 1215.67364
. . . 5 3835.384
Most probable location(state) for e in atom: For each atom e can be in: ﬂg—ﬁ% . SEhh 045
Energy level=shell=how far from nucleus=n=1,2,3..; For each n, e can be App5.m ﬁ?; 3970.072
- - «4101.74
in orbital type=1=0,1,2,..,(n-1);{SubShel s,p,d, f}For each 1| eh 5 = e
e can be in specific orbital=m;=m=0,*1,*2,...,%*1;For each ml,“”_ =5.788382x10"eV / T|n Rit as 1) 7 : \;3\344861.2786
. . e n= n= 4861.2870
e can.have spin=m_=% or —%*:; m, :L.? afidec.i because.of stern Gerlach Feaman etfest Calculate the effectofa 1 T B field on | 0 ©| “assl 3ais
experiment,but we can also get it if in Schrodinger w - 90 P #6562.7110
1 - N = | B the energy ofthe2p (n=2,€ =1) level 30 r|€=cs62.7225
: == == es replace KE=mv*2; |U,pwu= - L i e
i Weakextenal J =| 4+ § Strong external RV 2m 4 T - eh 180 P 562.8518
R o, D B magnetic field with relativistic " Ept = Epy — . Beos0=E,_, + —Bm, 5 9545.97
KE (Dirac equation) ;U(9)=—ﬂ'B for H depend only on n <M, 1; iggi:i
Dirac Ej, include =°1LB e \Q\ ot e 20 p| +12818.07
. & i i i +18751.01
fine structure (but 2meh \ )Enfrgy!evel spl:t5|nto3, with energy splitting 40 'PE’),C - e
i: 2trong exclude Lamb shift =m,2—B B=0 B>0 I EeﬁB lg igé?ig
external B LG Airmien : m 5 g = ) . 1551 18
is weak J Soummemenn 210 Nyperfine [/ =—u Bcosb = et B, = m, =0 <1t 1 | aes25.1
precess independently structure) . € -))” . _ 6 « 74578
about B precess about B =iy My =— 3 123685




H=-h"*2/(2m.) A+U; If B present: U=-k*e”2/r+e*Bz*Lz/ (2
m.) ; H*W=E*W=(E +e*Bz*h*m/ (2m.) ) *¥; E =-pe’k?/(2n%h?);
E now depend on 2 quantum number n,m so E split;

Dirac equation:
E=((p*c) 2+ (m*c*2)*2)”*(1/2); in natural units c=h=1;
so E=(p*2+m*2)*(1/2); I1If Ax=[0,0,0,1;0,0,1,0;0,1,0,0
;1,0,0,0]; Ay=[0,0,0,-i;0,0,1,0;0,-1,0,0;1,0,0,0];
Az=[0,0,1,0;0,0,0,-1;1,0,0,0;0,-1,0,0]; B=[1,0,0,0;
0,1,0,0;0,0,-1,0; 0,0,0,-1]; & I=Identity matrix;
(Ax*Px+Ay*Py+Az*Pz+B*m) *2=(Px*2+Py*2+Pz"2+m"*2) *I=E*2
*I=(E*I)"*2; so E*I=Ax*Px+Ay* Py+Az*Pz+B*m; Replace
with Operators (h=1; 9/9X=09y): I*i*9 W=-i*Ax*9 W-i*Ay*
ayW—i*Az*azw+B*m*W; Dirac equation for free electron;
v=[v,;¥,;¥;;¥,]; io ¥=[-i9,¥,-9,¥,-19,¥;+m¥,;-i9,¥,+9 W, +
i8,¥,4m¥,;-19,¥,-8,¥,-13,¥, -m¥;; -13,¥,+3,¥,+id,¥,-m¥,] ;
H=—§*Ax*ax—i*Ay*ay—i*Az*az+B*m; L,=-i(x9/3y-yd/98x) ;
If s,=*»[1,0,0,0;0,-1,0,0;0,0,1,0;0,0,0,-1]; &
J,=L,+S,; than [H,J,]=HJ,-J,H=0; => Total angular
momentum (J) is conserved{Observable is constant of
motion (does not depend on time) if it commutes with
H} so §, correct and because for p=0: i3, ¥=[m¥,;m¥,;-
m¥,;-m¥,] ; Negative energy represent antiparticle
(positron); Thus W=[SpinUp electron;SpinDown
electron;SpinUp positron;SpinDown positron]; {Thus
Quantum mechanics & special relativity gives Dirac equation,
Which predict electron spin, antimatter and Hydrogen fine
structure line; Shrodinger & Dirac equations predic: Energy

level differing by only tiny amounts, & electron probability
distributions that are practically indistinguishable}

Hydrogen atom

Total angular momentum J = L+S is conserved. 1
Orbital L and spin S angular momenta are not.
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S, = m.h Orientation of spin
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“Spin Quantum Number”, m, =-"%, +)

Electrons have an intrinsic angular momentum._(r::alled “spin”| primary spin quantum number=s=0,1/2,1,3/2,2,5/2,.; s depends only

on the type of the particle & cannot be changed in any way (an
elementary particle cannot be made to spin faster or slower; Boson
=particle of s=0,1,2,3..; Fermion= particle of s=1/2,3/2,5/2...);
but the spin direction can be changed. Spin angular momentum(S) is
quantized. Secondary spin quantum number (m,) defined by S,=m_*h; m,

Spin also generates magnetic dipole moment —

U=—uBcosl =

B, =— e 5 Can take one of (2*s+l) value(m,=-s,(-s+l),... ,(s-1),s); for e s=»
: 2m, so m=*,-*2; The spin of a charged particle is associated with a

oeh magnetic dipole moment with a g-factor differing from 1 (This could
Im My only occur classically i1if the internal charge of the particle were

eh

distributed differently from
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. Hp= ———=5788382x10"eV/T| its mass). B O e Ao AL As
Spin DOWN (— %)  Spin UP (+4) 2m, Particle g-factor P +IJB
_ 1 || =sts+Dug, electron| g, | ~2.002 319304 362 56/ Riding with M. {RARINY| KBUe: . g1
B« T U =mou . =ii§1 LMo | 9u ~2.002 331 8418(13) the electron n=2p =t % 2B —uB T T ¢ .
>0 i B&s 2 s Bheutron | g, | —3.826 085 45(90) ~ e B IL w8
—r= AE =g 1B, proton | g, | +5.585 694 6893(16) 102V j=1/2
_ Hydrogen 2p Radial PI‘Obablllty If in hydrogen the e circle the proton l".l" - L
‘&2 n=2 with radius r,than from the e referemce “ - 121.5668nm
NE See next { =1 frame, the nucleus circle it with radius 121.5674nm ’
8 page m,=-1.0].l % |r; so the e feel B=p,q*v/ (4nr*2) =p,q* 1S AE:4'5_\-]() SeV
%’ mg = ii v*m *r/ (4n*m *r*3)=np,q*L/ (4n*m *r*3) ; T=7; 1=0: = p——
ks o Maximurn L=mvr; for e 2p: r=4*al; 1=1; Bohr&- prediction TR
S ° 6 % L=h(1(141))~(1/2)=h*2~(1/2); Shrodinger . . S aranieHec
© ad  3p Electrons S B=p,q*h*2* (1/2) / (4n*m_* (4*a0) *3) = prediction . . .
= 3s 0.28T;close to the correct 0.39T; For electron orbital motion in H atom:
* N\ 5.1093837015%107-31; e=1.602176634%10 18 I oy oY axis=py*m,; USip*m *B; AE=U,~U,=
me=9. *107-31; e=1. *107-19) _ _ -0) = .
e ———— —T r |20-0.0529%10%-9; nb=(6.62607015+10~-34) / (2+ | Me*B¥ (M=, ) =Us*B* (1-0) =u,*B; as we know
5a, 10a, 15a, 20a, 258, |pi); mu0=1.25663706212*10~-6; AE=4.5*10"—5;B=AE/uB=0.39T=The magnetic
£ m wngm(r‘ 8, ¢) r=4*a0; L=hb*2°0.5; H_Spectrum.m fjeld created by e’s orbital motion;
B=muO*e*L/ (me*4*pi*r"3) %=0.28T . . _ .
{0 2 4«f—a03/2 L e "2mcoso : For elect:ion*spln in :l at*om*U—g*p.B*ms*B,
B Ho qu x 7 [B at r, created by q with v at|AE=U,-U,=g*p,* (m_,-m_,) *B=g*p,* (1/2-(-1/2)

position[0;0;0]; 7=unit vector|) *B=g*u;*0.39=4.5*10*-5;




Hyperfine structure Hydrogen 2lcm line h=6.62607015*10%-34; c=299792458; mu0=1.25663706212*10%-6;%J*T
nuclear magneton me=9.1093837015*104-31; mp=1.67262192369*10~-27;

: _ oy :
proton magnetic moment=pj = 9|1/~LNI= praton apan e=1.602176634*10%-19; gs=-2.00231930436256; gI=5.5856946893;
peaken. grEalhes hb=h/ (2*pi); a=muO*e”*2*c/(2*h); al0=hb/(me*c*a); r=al;
There is an energy associated with M1 in the presence of B muB=e*hb/ (2*me) ; muN=e*hb/ (2*mp) ; mus=-gs*muB*1/2; muIl=gI*muN*1/2;
Hamiltonian given by: ﬁD = —u; - B. v=c/137; Bl=muO*e*v/ (4*pi*r~2);

$1=0;Bl=-2*muB*muO*1l/ (4*pi*r*3) ;%using this give wl=0.48m

ic fi i ton:
magnetic field experienced by the proton Bsl=2*muO*mus/ (4*pi*r~3) ; Bs2=1/ (pi*a0~3)*2*mu0*mus/3;

. ! . — L
is that associated with B = B = B, + B E=-muI* (Bl+Bsl+Bs2); wl=c*h/E %=0.33m; E=h*f; wl=c/f;
orbital ()7and spin (s)@ngular momentum of the electrons wl_other_calc=12*h"5*mp/ (c*5*e"8*gI*mu0*4*me”2) %=0.21094m;
= total probability of the electron being in a shell at a distance 7 and| H _Spectrum.m
Ho —evX—r Ho 1 rxmev Mo 1 : )
B,= a3 =—2pB iy T:_zﬂB 4r g3 |thickness dr= dzer? [y (r)|* dp.  |9TOUNd State wive uncbion Emitted photon
electron with spin angular eh L=mh Sphere suracs aea=4 7 1| 15 () = —3/26_r/a0 preClsely_measured
t . = =<t .-1.0,+1.¢ [energy of the 9 J/7a frequency=1420405751
momentum, s, has a 2m, 120,123 . 1 |Fermicontact =—— g (p1 - ) [¥(0)[? i .7667Hz; equivalent
magnetic moment Hs = —gsHBS, n=1,2,3,.. w'?c;)erai;'on I :;)th ol - |¢1 (7‘)‘2 _ 1 e~2r/ao| to vacuum wavelength
H i 1 » IS The value O e eleciron waveruncton -
electron’spin g-factor mzagnetlc field of Hs: I e ) ; ﬂ.ag of 21.1061140542cm.
Ho Ho ' :
o= (8 B)E — )|+ e (x). The Most Probable Radius
3

"finite distance" "Fermi contact" Hydrogen Ground State gnetm

interaction of the nuclear dipole (direct interaction of the nuclear The radial probability density for the hydrogen B M=
with the field due to electron spin Hipole with the electron spin ground state is obtained by multiplying the
magnetic moments magnetic moments square of the wavefunction by a spherical shell

Include the internal field of the dipole %0 dr TR S,

repel

Parallel spins: higher-energy configuration

(field at the center of the current loop) ”'p=|: '_ﬁ e”““] Ay = i,-‘. ~2rlay . ‘ Ayl

(to describe magnetic moment dP = ilz( 2ridy g, . VITa, - ay ) wavclength =21 cm
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B 3Dwe: 9?W/9t2?=c?AV¥; {/=0%/0x?+9%/dy*+d?/9z?}satisfied by any W=V (ker-wt+¢) ; {¥ shape travel along k with |v|=c=w/|k|}or by ¥=q(t)
f(r);if f=-Afc?/w?;&0%q/ot?=-w?q; {0°V/9t*=£8%q/at?=rvc?’=Afc?q}g=Harmonic oscillator=describe spring length x(t)=describe ., (t)
& w,(t) of a freely rotating body(t=0)with I ,=I_,, I ;{dw,;(t)/0t=0; so its full description};If g,f satisfy 3Dwe (same c)f+g,
f*g,af+bg also; Thus, any wave can be analyzed as linear combination of ¥ (r,t)=exp(i(ker-wt+¢))=q(t)f(r)=exp(-iet)exp (i (ke
r+¢)) ;w=w;waves with same |v|;k=2nv/ (le) ;Bfor harmonic oscillator:x’’=-w?x; x=x,cos (0t-¢) ;F=mx’’ ;{F=-kx;Harmonic oscillator
k=w’m}; PE=fFdx (from x to 0)=*mw?x?; p=mx’';KE=‘wmx'?=p?/(2m); E=KE+PE=%2(mw?x2+p?/m)="mw?x,?; replace p,x with

operators Po=-ihV;r°=r; %»(mw’x%- (h?/m)9,2%)¥=HV=E¥; Find ¥ such that E=number & [|V¥_(x)|?dx(from - tom)=1;
in case of:h—w—m=1 Liass.'cu/f” 1 L g —
2P, (z)= 1?:“ = - Valz) = ( ) e 2k Hn( —m) n=20,1,2,

7'10\/1 (xz/x0) .\/2”—?11 mh h

— =Time spent in dx|period=T=27/w

Corresponding |

v
0.16 1 P, (z) —ll' ( )|2AI‘ 2 dn 2 -~
ufileg = Py < " : — = F
Sefy=ng L e T by o EEnd H,(z)=(-1)"e (e ) By = ‘u"(n g3 ) probat?l!lty
= ""|Quantum |the particle in x; W\

Matlab: n=2; w=l; hb—1, m—l; syms x z real
Hnf=(-1) *n*exp (z"2) *diff (exp(-z*2) ,z,n); Hn=subs (Hnf,z,x* (m¥w/hb)*

quantum ) = 40

classical U

ﬁ/fm _—

0.06 p=vpa (simplify ( (2°n*factorial (n))* (-1/2)* (m*w/ (pi*hb))* (1/4)|*exp (- (m*w*x2
0.04 INl=vpa (int (p*conj (p) ,x,-inf,inf)) (a,T )” RN
0.02 E=((m*w"2*x"2*p- ((hb*2) /m) *diff (p,x,2))/2)/p ‘n> = | > T2 -
y xx=0:10/100:10; dx=0.1; Es=hb*w* (n+1/2) vn! 0
o 85 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 o5 1 yy=subs (p*conj (p) *dx, x,xx) ; plot(xx,yy) Wavefunction representationsﬂEforthe first eight bound %)
If at=(mw/ (2h))1/2 (x—:LP°/ (mw) )=(mw/ (2h) ) /2 (x-hd,/ (mw) ) =Creation®; a*|n>=(n+1)/2|n+1>; _ ) ) : "
_ 1/2 o _ 1/2 _ . _1/2 _ eigenstates,n=0to0 7./ . The horizontal axis F (0
a=(mw/ (2h) ) /2 (x+iP°/ (mw) ) =(mw/ (2h) ) /2 (x+h9,/ (mw) ) =Annihilation®; a|n>=n'/?2|n-1>;a|0>=0 | Es
—ata= . = . H= . iti - ’
N=a'a=Number°; N|n>=n|n>; H=ho (N+2); \/ (a' + o) | Maxwells equations in empty space (¢ =1) ShoWS B BaeIton " Egm T
apP=(m*w/ (2*hb) )~ (1/2) * (x*p-hb*diff (p,x,1) / (m*w) H has ho solirces or 'We d¢an wirite B [ -
amP= (m*w/ (2*hb) ) ~ (1/2) * (x*p+hb*diff (p,x,1) / (m*w) hmw ¢ |sinks & the magnetic as the curl of e i - aRil
N=((m*w/(2*hb))"(1/2)*(x*amP—hb*diff(amP,x,l)/(m*w)))/37)_l 2 (a' —a flux through any another vector “ N _ﬁ .
{Ver=4,A +d A +3,A,; If VeA is 0/+/- it’s source free/source/ [closed surface is 0. field A(called If A=vector [3=c3(22°-3z)e” 2 E;=3.5 AR
i field: )
sink;Vxa=[9, A -9,A,;90,A,~0,A,;3,A~F A];direction =max rotation = VECtir pobentiall — N s
axis; length amount of rotatlon If u/A=scalar/vector field - B=VxA Ny xa=0 - {E:_Z'S "I"(x),_,
VZA=[V?A,;V?A,;V?A,];V?2u=Au; if V2 at point is 0/+/- the field |How B changes So both E & B determined ho=cy(22%—1)e 2" El=1..5-*~—-,,u"l(7.7{'):('1.1'(’_5"'
equal/less/greater than the average of its neighboring values% by a single field A. T — : I ‘ T 12
If k=w;A of EM wave travel in z=A=e,bcos (kz-wt+0) j&B=-V < El - B =dik V(O A+E)=0 o = Yo(x)=coe”
. A= : . hao/2 X
{0.°A,=V’a,} If g=bcos (0t-0); A=e,[qgcos (kz)-psin (kz)/d]; V. A=0 IawAus 0,4, + 0.4, =0 o> L= x
{p=q’; cos(a-p)=cosacosP+sinasinf; g=pcos (kz)+wgsin(kz); E=-e,g Vector form of _\ I l % A
B=-e,g; p’=q'’'=-w’q; E=-9.A; B=Vxa}Replace q,p with x°,p°: waye equation AN = A
. 1/2 (aaik ik D E — V x B|— 02A = VIA [V xVXA=SU(FA] V2A[— VA>T —Fa<i— | :
A°=e, (h/ (2w)) /2 (aeikz+ate~ik?) ; (m=1}H=Average (avg) over| st~ — t o = — .// \\\ // ,\\ | A
. . p — : | 1Y
Space of %|E|24%2|B|%=% (p?+02q2) ; (Avg (sinx)=0;Avg (sinPx) —sW7A, — V2A, |24, — V24, | 02A. — V2A ] SN TN 113D cur




Replace q,p in the field energy density H with x°,p°:H=%(p°2+w?x°?)=hw (N°+3) ;
A°=0Operator (sum over all possible modes of an expression containing one destruction &
one creation operator for the corresponding photons) & the wavefunction is a list of
the number of photons present in each electromagnetic mode.

Radiation field in free space (3D) e»:‘
k = e k, +eyky + ek, VAT

General
A Z \/ Cka aka L + ako i x) radiation
oV 2wk field
A Lo 2.2 \ R
H= Z 5 (pka + wqua)— Z jvku + é h@k

k 7 o
s _ Number of photons
ty., destroys photon in mode ka Simeds Lea

Wave function of radiation field
is a list of the number

of photons in each mode |l-‘f)> - | ooy TR yee - >

&Ia|...,’.rzka,,.,) = ngg+1|...,0+1,...)

modifies\omhat mode's occupation number (its n)
sy v+ 5Py ) = oMy |+« kg = Ly o)

I\A/Tka|...,nka,...> =ﬂka‘...>ﬂka,...>

~ + N
ay,, creates photon in mode ko

“Quantum field theory is just quantum
mechanics with an infinite number of
harmonic oscillators.”
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The theory Of Nothing, how everything works and how it was created from nothing (By Guy Abitbol). Before walking through the 25 proven steps of the theory, lets skip the whole document for
the good order. This document is attached in the description. Step #1 is the only not rigorously proved step in this theory (due to Gédel’s incompleteness theorem). It states that nothing, or
shape and space with existence contradiction is always being created (with any relative velocity); For example, if we defined nothing as a 0-dimensional point, then a shape in which a point
encloses a line, that encloses a sphere surface, that enclose a spherical volume, is a non-existing shape, because this shape will be always enclosed by nothing. and we can proof that any open
shape can be enclosed by something. Similarly, a space that originates from a point can’t be created, because we can prove that any space must have origin, and we defined point as nothing. The
following steps are proven qualitatively and demonstrated through 8 files of 3 dimensional pictures, and 44 files of MATLAB simulations, that are attached in the description. The certainty of the
proofs is definite, because it is based on the pure derivation of classical mechanics as a mathematical theory. (see appendix). Step 2, When 2 high velocity non-existing-Shapes collide, they
deformed into 2 Squashed non-existingShapes & move away from each other at lower speed. These squashed non-existing-Shapes will be referred to as G particles. Step 3, If 2G’s collide, they
bend at the collision point & rotate. Step 4, If 2 bent G’s collide, they can be attached to each other & rotate together. Step 5, Further collisions bendings & attachments create cluster. Step 6, As
the cluster become larger & larger, any new attachment increases its size by only small amount. But if the new attachment changes the moment of inertia, such that the cluster now rotates about
its intermediate moment of inertia, then the cluster changes its orientation dramatically during the motion, even if the intermediate moment of inertia is just slightly bigger then the smallest
moment of inertia. by the Intermediate axis theorem. Now, because of the dramatic changes in orientation, further collisions can cause the cluster to reorient and to rotate about its largest
moment of inertia, while preserving its angular momentum and losing rotational energy. by the major axis theorem. Thus, over time, any cluster acquires 2 equal moments of inertia, while
rotating about its third larger moment of inertia. Step 7, The rotation of any body is governed only by solving the system of equations in the former page. Therefore, bodies with same moment of
inertia rotate the same. And this cluster rotate exactly like Feynman's Wobbling Plate, even though it’s asymmetric. and the cluster’s angular velocity and major axis, both return to their positions
each Tsub-L seconds. The functions that describe the cluster’s angular velocity are simple harmonic oscillators and wave functions. Step 8, Because, the cluster’s major axis is the shortest; over
time, more stuff collides in its direction, than in the other directions, making the cluster thinner and thinner. Until its large moment of inertia is about twice bigger than the other 2. Step 9,
Therefore, over time, any cluster acquires 2 equal moments of inertia, while mainly rotating about its third, twice bigger moment of inertia. and the time taken for the major axis to return to its
positions, is 1 half of the time taken to the other 2 axes to return to their former positions. Step 10, When the formed cluster collide with G’s, it bent them at the collision point, rotate them and
throw them with high speed. creating G-sub-z, which we call Electric field; or G-sub-xy, which we call Magnetic field. Step 11, Over time all the clusters in the universe throw G-sub-z and G-sub-xy
on each other. That cause them to attach or detach sub-particles, and to adjust orientation. The equilibrium of these collisions creates types of clusters differing in the number of their sub-
particles, or mass. Step 12, Because the clusters throw many G’s on each other, some G’s increase the magnitude of the clusters’ angular momentum, and some decrease it. such that, at
equilibrium, this magnitude is equal for all clusters. by the theory of synchronization. And because the major axis period, T-sub-L, is inversely proportional to this magnitude, and proportional to
the major moment of inertia, the major axes of all same type clusters align with the world Z axis, simultaneously. However, different particles of the same type have different direction of angular
momentum, which is restricted to one of 2 spherical zones, which we call positive and negative charge. There is a transformation that transform between any spatial direction to a direction in the
spherical zone. This corresponding spatial direction, from now on referred to as L-sub-q, is what quantum mechanics mistakenly taken as the particle angular momentum. What we call magnetic
field direction, is equal to Lsub-q for a positive charge, and opposite for negative charge. Step 13, We can see that positron create G-sub-z +, and electron create G-sub-z minus. What we call
electric field direction at a point, is the flying direction of G-sub-z+ there. Or the opposite flying direction of G-sub-z minus there. The collision of G-sub-z is more powerful when its tangential
velocity is in the same direction as its translational velocity. And the collision response is dictated by the collision point. Therefore, because the electron and positron clusters contain many
bended edges, we can see that when G-sub-z minus collide with electron it repels it from its source. and when it collides with positron it attracts it. Therefore, Like Charges Repel and Opposite
Charges Attract. With a force inversely proportional to the distance squared, because G-sub-z are geometrically diluted in 3-dimensional space. Step 14, The period of the electron’s major axis is
half of the period of its other axes. Thus 2 different facets are capable of throwing G-sub-x+ in the direction of the electron’s magnetic field, but only 1 facet is capable of throwing G-sub-x+in a
specific perpendicular direction. Therefore, the electron’s magnetic field is twice stronger in the direction of its primary magnetic field, than in any perpendicular direction. The plane
perpendicular to the angular momentum represents the average cluster orientation. Electron and positron with same magnetic field have exactly opposite angular momentum, and thus the same
average cluster orientation. Therefore, they behave the same in magnetic field. Taking into account the tangential velocity of the average cluster orientation, and the geometric dilution and
rotation of G-sub-xy, we can see that 2 electrons with same magnetic field attract if positioned along their magnetic field and repel if positioned perpendicularly.



Similarly, taking into account also the G-sub-xy flying direction and its collision point, we can prove any force and torque exerted by a magnetic field. While the information about the electron’s
angular momentum is sufficient to dictate most of its electric and magnetic interactions. As described by the Maxwell equations. A more precise description requires also information about the
angular velocity and whether it’s in an odd or even round, as real electron period involve 2 rounds of angular velocity about the angular momentum. This odd or even round will be referred to as
phase. This more precise description is captured in the quantum spin state, because, it is derived from a wave function, and any wave function satisfy the simple harmonic oscillator equation,
which describe our cluster’s angular velocity direction and phase. For a moving electron, a more precise description requires also information about its velocity and its distance to the target. In
order to determine in what direction of angular velocity and phase the electron will arrive. This information is also incorporated to the wave function in quantum mechanics by the dot product of
the particle’s momentum, and the target position vector. We can see from the interaction pictures, that electron in external homogeneous magnetic field feels torque but not force. And that
electron and positron with same magnetic field feel same torque, but precess in opposite direction about the external magnetic field, because they have opposite angular momentum. This is a
torque induced precession, which we call Larmor precession. In contrast to the torque free precession of the electron, that describe previously and create the T-sub-L period. The duration of one
round of Larmor precession equal to the product of T-sub-L with an odd integer. Thus, after one round, the angular velocity of the electron returns to its starting point, but its non-major axes
complete only half round. Therefore, the electron returns to its starting orientation only after 2 rounds of Larmor precession. Step 15, Charge that move in external magnetic field, feel force
perpendicular to their movement and to the external magnetic field in a charge dependent direction. This is what we call Lorentz force, and it is demonstrated by examining the most powerful
collision of G-sub-xy into a plane representing the average cluster orientation and rotation of the charge. Step 16, Moving charge generates internal magnetic field, perpendicularly to its
movement and to the examined point, in a charge dependent direction. This is what we call Biot Savart Law, and it is demonstrated by examining the collision of the plane representing the
average cluster orientation and rotation of the charge, into a G particle due to the charge movement. And the resulting bended particle, that thrown into the examined point. Step 17, In Stern
Gerlach experiment we fire electrons through inhomogeneous magnetic field. Because of the movement of the electrons, G-sub-xy, from the magnetic field hit them in various points, and exert a
changing torque on them. which align their internal magnetic field, parallel or antiparallel, to the external inhomogeneous magnetic field. As previously demonstrated, after this alignment,
torque is no longer being exerted on the electrons, and an equal force push them upward or downward, depending on their internal magnetic field orientation. Creating 2 distinct parts on the
screen. The probability that the electron’s internal magnetic field will be align parallel to the external magnetic field, depends on G-sub-xy collision point, which depends on what amount the
internal and the external magnetic fields go in the same direction, in other words, in their dot product, or in the cosine of the angle between them. However, the cosine rangeis 1 and -1, and a
probability range is 1 and 0. A Simple range conversion and some trigonometric identities show that this probability equal to the square cosine of half the angle. Exactly what we get from
guantum mechanics. Step 18, The electron and positron angular momentum is restricted to a spherical zone. Such that, when it aligns parallel or anti-parallel to its major axis, it can take infinite
values, but otherwise it is restricted to one value. During Larmor precession, the internal magnetic field and L-sub-q is really precess about the external magnetic field. We can use the previously
mentioned transformation to transform between the internal magnetic field to the angular momentum. During a stern Gerlach separation, an indelicate Larmor precession can also contribute to
the equal separation pattern observed when applying consecutive perpendicular stern Gerlach apparatus. Step 19, G particle is created by a powerful collision of 2 non-existing spheres; and thus,
having a maximally thin oblate spheroid shape. When G particle collides with positron, it bends, such that it has plan of symmetry. where the normal of this plan is its angular velocity. Thus, its
angular velocity aligns with its angular momentum. The impulse of collision between positron and G particle, is referred to as non-bending impulse, if it’s the biggest collision impulse that doesn’t
cause G bending. In our universe the non-bending impulse is constant, such that the speed of its emitted G is the speed of light. Any bigger collision impulse will cause G bending, and is referred
to as a bendingimpulse. However, only the impulse at the last contact point, dictates the speed of the emitted G particle. Therefore, any bigger collision impulse will continue to bend G at their
contact point. and this point won’t be the last contact point until the collision impulse reaches the magnitude of the non-bending impulse. Thus, any collision impulse will emit any bended G at
the speed of light. in other words, the speed of the electric and magnetic field particle is always the speed of light, regardless of the velocity of their source. While stationary and uniformly
moving charge collide with G only once, an accelerating charge collide with G twice, and thus bends it twice. This twice bended G, is what we call photon. The stronger the collisions, the larger
the magnitude of the photon angular velocity and its deformation. But larger deformation has smaller moment of inertia. Thus, the magnitude of the photon angular momentum, which is the
product of its moment of inertia with its angular velocity, remains constant for any photon, and equal to the reduced Planck constant. On the contrary, the photon rotational energy, which is half
the dot product of its angular momentum with its angular velocity, increases as the magnitude of the photon angular velocity increases. As demonstrated in page 16 and 33, even though each
photon has a non-symmetric shape, its angular velocity still undergoes some kind of indelicate precession about its angular momentum.



Let’s define T-sub-f as the time taken for the photon angular velocity to approximately return to its initial position. Therefore, the photon frequency is 1 over T-sub-f. Because the magnitude of
the photon angular momentum is constant and equal to the reduced Planck constant, if we use change of variables in the integral that calculate the photon rotational energy, we can show that
the photon rotational energy is equal to the product of its frequency and plank constant. Therefore, the total energy of any photon is greater from the known hf by a constant. but in any
experiment this constant is reduced, see page 23. If a stationary charge begins an accelerated motion, it generates photon, the magnetic component of the photon, must have a direction
perpendicular to the acceleration and to the photon location, in a charge dependent direction. This is a consequence of the Lienard Wiechert equation, which Stem directly from Maxwell's
equations. This is demonstrated in the following pictures, that examine the collision of the charge with G particle, due to its acceleration, and the resulting photon in its examination point. The
electric component of the photon is generated by the second collision, and thus it’s perpendicular to its magnetic component, and to its velocity. In the former page | have demonstrated how a
bigger collision impulse, between a charge and G particle, increases the amount of G bending, and its angular velocity, while decreasing its moment of inertia, such that, the magnitude of its
angular momentum remains constant. And | have also shown that any photon frequency can be obtained by this mechanism. furthermore, | have also demonstrated that a bended G with larger
angular velocity will cause more powerful subsequent collision with another electron, rather than a bended G with smaller angular velocity, even though its moment of inertia is smaller, and even
though they both have the same magnitude of angular momentum. This explain why only high frequency photons are capable of ejecting electron in the photo electric effect. Moreover, the
former page also explains why the speed of any photon is the speed of light, regardless the velocity of its source or its frequency. Because, the shape of the bended G doesn’t matter, what is
matter, is the impulse exerted on its last contact point. Impulse bigger than the non-bending impulse will continue to bend G, until it reaches the value of the non-bending impulse, which cause
emission at the speed of light. Step 20, What we call left and right circularly polarized photons, are photons that their angular momentum is parallel and anti-parallel to their velocity, respectively.
Therefore, their precessing angular velocity create rotational effect when hit a target. What we call linearly polarized photon, is photon that its angular momentum is perpendicular to its velocity.
We mistakenly say that it has no angular momentum. The other photons are elliptically polarized photons. What we call polarizer is long sheets of molecules, that are capable of moving only
parallel or antiparallel to a specific direction, referred to as the polarizer direction. The more the photon angular momentum is perpendicular to the polarizer direction the more probable that it
will pass through it. Because this photon will be capable of moving the polarizer upon collision. And the polarizer’s moving particles will in turn collide with another G and generate another
photon with the same properties and direction. This is because the photon tangential velocity is much greater than its translational velocity. What we call photon polarization direction is a unit
direction perpendicular to its velocity and to its angular momentum. Therefore, we can calculate the Malus’s law, which is the probability that a photon will pass through a polarizer. By calculating
in what amount the photon angular momentum is perpendicular to the polarizer direction, which is their absolute cross product. Thus, using some mathematical identities we arrive at the Malus
photon passing probability, which is the square cosine of the angle between the polarizer direction and the photon polarization direction. Similarly, using also the Lienard Wiechert equation, we
can prove the properties of: polarization by scattering. Antenna that creates vertical photon polarization direction, orient vertically, such that the moving electron will hit G particle and rotate it
with angular momentum perpendicular to its emitted velocity and to its polarization direction. Using potential energy consideration, we can show that the wave length of the created photon, is
twice the length of the antenna. Similarly, antenna that create horizontal photon polarization, orient horizontally. And helical antenna can be used to create circular polarized photon. Step 21, The
Rabi cycle. The internal magnetic field of an electron will precess in external homogenous magnetic field, such that it returns to its initial position each odd integer multiples of T-sub-L, referred
to as T-sub-w. Therefore, the electron’s angular velocity also returns to its position each Tsub-w seconds. And as expected, T-sub-w is proportional to the electron mass, and inversely
proportional to the electron charge, and to the magnetic field magnitude. If we rotate a second external homogenous magnetic field, perpendicularly to the first, such that its direction returns to
its initial direction each T-sub-w seconds. Then its emitted G-sub-xy will always hit the electron face in an opposite direction of its motion, creating a strong force, that flip the electron internal
magnetic field, or its L-sub-q. As expected, the time taken for this flip, is proportional to the electron mass, and inversely proportional to the electron charge, and to the rotating magnetic field
magnitude. As expected, in order to flip the electron, instead of using the rotating magnetic field, we can also fire, circularly polarized photons with T-sub-f, that equal to T-sub-w, at a direction
perpendicular to the first external magnetic field. Step 22, Quantum electro dynamics. Because the photon tangential velocity is much greater than its translational velocity, and because its
angular velocity approximately rotates about its angular momentum, there will be a point on the photon that always hit the target first. The normal at this point dictate the photon exerted force
direction on the target. The total effect of many colliding photons can be roughly calculated by summing up all these exerted forces directions. Because each photon travel at the speed of light,
we can calculate its travel time duration, dt, and then its exerted force direction, by rotating the initial exerted force about the photon angular momentum by the product of dt, and 2 pi over T-
sub-f radians. We can use this technique to prove the law of reflection. But also, to prove diffraction grating, and any other law involving photons.



While the rotating photon approximately return to its orientation each T-sub-f seconds, the rotating magnetic and electric field particles, exactly return to their orientation, because their angular
velocity and angular momentum are parallel. And that is the reason that we were able to predict the electron magnetic moment to a very high accuracy. Step 24, Gravity. In the universe,
everywhere and every time non-existing-shapes can be created, with any relative velocity. Therefore, any object will feel collision forces from all directions, which on average cancel each other
out. But if 2 objects stand close to each other, they will feel less collision forces from the side that in between them, because each act like a barrier that prevent collisions from far created non-
existed shapes. Thus, the amount of these prevented forces of collisions that goes in the direction of these 2 objects is equal to the exerted gravitational force from the other side that each
object feels. Therefore, we can calculate the gravitational force, by summing up all these prevented forces that goes in the direction of these 2 objects, using a double integral over the blocked
spherical area. We can see that this calculated force, like the Newton Gravitational force, is inversely proportional to the squared distance of these objects. Additionaly, this calculated force is
proportional to the products of the 2 objects’ surface area, which is, an expression to their mass. This explains why anybody falls with the same acceleration, regardless of its mass. As it just
cancels out, because acceleration is force over the accelerated mass. Gravitational redshift is caused by the movement of the electron that create the photon or by the movement of the electron
in the receiver. In both cases, the change in the collision impulse of this electron, with G-particle or with photon, is increased with gravity. Similarly, massive object bends light. Because the light is
reflected from electron, that is accelerated due to gravity. And, gravitational time dilation, is caused by electrons’ distance elongation, due to gravitational forces. Step 25, Entanglement. If charge
collide with G particle, it bends, rotates and emits it at the speed of light, always. because the deformation reduces the collision energy. However, in the universe, there are also small spherical
shaped clusters, that are not capable of being deformed, referred to as O particles. Therefore, if electron collide with O particle, it emits it with a speed much greater than the speed of light.
Because there is no energy loss to deformation. See step 29. This O particle can be thrown back and forth between 2 electrons, with opposite internal magnetic field, creating what we call
entangled particles. Thus, if we change the internal magnetic field of one electron, the O particle will hit the other electron in a different point and change its internal magnetic field to be again
opposite of the first. Entangled photons are created when the electron in their transmitter, is entangled to the electron of their receiver, or polarizer. See appendix.



