


4-If 2 bent Gs
collide, they 

can be attached to each 
other & rotate together

5-Further collisions, 
bendings & attachments 
create cluster:

2-When 2 high velocity NE-Shapes 
collide, they deformed into 2 
Squashed NE-Shapes(G)& move away 
from each other at lower speed
(by energy loss due to deformation 
& momentum conservation; For proof 
run Matlab file & then C file)

3-If 2G’s collide,they 
bend at the collision 
point & rotate;

Step2Proof.m

Step3
Proof.m

Step4
Proof.m

6-As cluster become larger& larger, 
any new attachment increases its size 
by only small amount.But if it causes 

Step5
Proof.m

Step6a,bProof.m

the cluster to 
rotates about 
intermediate
I,the cluster   
change its     

orientation
dramatically dur-
ing the rotation
(even if I1<I2<I3& 

&I1~I2 Intermediate axis theorem)&if some-
thing collide with it when its orientation is near orientation 
of major I(short axis;I3)rotation , it’ll loss rotational energy& 
start to rotate~about its major I(Major axis theorem:same Lw,minER; 
e.g.L=[I1ω01;0;0],ER=½I1ω012Lb=[I3w;0;0]=L,I3=2I1,w=½ω01;ERb=½I3w2=½ER)Thus 
over time the cluster get I1=I2<I3;(Probability of New attachment: 
breaking>incorporating)&|ω03|>|ω01/2|;(ω01=ωr1(0))Cluster shape is 
used to emphasize asymmetry; bodies with same I rotate the same 
{for any body ω&R(Rotation matrix from rotated(r)to world(w)frame)gov-
ern only by solving: Iω’=Iω×ω;&R’=R[0,-ω3,ω2;ω3,0,-ω1;-ω2,ω1,0]; ω=ωr}

Step6Proof.123dx

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 
in this theory; due to Gödel’s incompleteness theorem; Alternatively:something,
any shape in any dimension, is always being created, because nothing is not 

being created(as the creation is something;& as if something
is never created,this theory 

is also never created)}

GASimulator.cbp

abitbolguy5@
gmail.com



7-Formed cluster(without New Attachment)
rotates exactly like axis symmetric 
body(in both I1=I2);ω3’=0;& ω1’’=-C2ω1; 
ω2’’=-C2ω2;are Simple Harmonic Oscillator;
C=ω03(I1-I3)/I1;ωr=[ω01cos(Ct)+ω02sin(Ct 
);ω02cos(Ct)-ω01sin(Ct);ω03];if it has 
no initial orientation, to find its 
orientation in time t:rotate it Ψ=Ct; 
radabout its Z+axis=Zr+w=Z+&then rotate
it ϕ=t|Lw|/I1; about Lw=[I1ω01;I2ω02;I3ω03]
Thus Rotation matrix from (r)to(w) is
R=RLRz; Rz=[cosΨ,-sinΨ,0;sinΨ,cosΨ,0;
0,0,1]; Lu=Lw/|Lw|; LuX=[0,-Lu3,Lu2;Lu3,0,
-Lu1;-Lu2,Lu1,0];(LuXv=Lu×v)Id=[1,0,0;0,1,
0;0,0,1];RL=Id+LuXsinϕ+(1-cosϕ)LuX2;ωw= 
Rωr;Z+=R[0;0;1];
X+=R[1;0;0];
ωw&Z

+ Return
to ω0&Z

+
0 each

TL=2πI1/|Lw|;s;
But X+ Never 
Return to X+0;
ωr Return to 
ω0 each 2π/C;s;
θ=acos(I3ω03/|L

w|);θL=acos((Lw
●ω0)/(|Lw||ω0|)
);θz=acos(ω03/|
ω0|); χ=Angle 
Between X+0&X+=
acos(cosΨ(cosϕ
(1-Lu12)+Lu12)-
sinΨ(sinϕLu3+(
cosϕ-1)Lu1Lu2));

8-After reorientation, 
cluster thickness become 
thinner&thinner;getting
I1=I2=~I3/2;& If also  

Step8aProof.m
Step8bProof.m

(Page32)
Step7b
Proof.m

Step7a
Proof.m

9-As ω01,ω02≠0;& 2I1≠I3~2I1;
while Z+ Return to Z+0 each 
TL, X+(t1) never return to 
X+0{though X+(t1)~=X+(t1+2TL)}
and creates additional 
~periodic pattern;
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χL=Angle between X+(t)& X+

(t+2TL)=2CTL=4πω03(I1-I3)/|L|;

depend on I1;
{If ω01,ω02=0;
& I3=2I1; X+

return to 
X+0 each 2TL}

χL=2π=0; R,
ωr,TLdon’t

|ω03|>>|ω01/2|
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Step9a,b
Proof.m



10-When the cluster collide with Gs,it bent them at the 
collision point,rotate them about z& xy axis& throw them 
with high speed creating Gz+/-&Gxy+/-which we call E&B 
{Electric & Magnetic field;charge=ω3;(create Gz+/-)}
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11-Over time all the clusters in the universe throw Gz+/-

& Gxy+/- on each other, which cause them to:attach/detach 
sub-particles, change orientation & Lw. The equilibrium 
of these collisions create types of clusters differing 
in the number of their sub-particles; The more the sub-
particles, the more the inner movement& resistance, the 
cluster has(mass);But all clusters are asymmetric & have 
I1=I2=~½I3,|ω03|>>|ω01/2|;(standard model massive particles)

12-Because the clusters throw many G’s on each other,Gxyz
increase/reduce|Lw|of small/large|Lw| clusters.Such that 
at equilibrium all cluster|Lw|=constant;& as TL=2πI1/|Lw|; 
For same type clusters{same I1;e.g.electrons(e)& positrons 
(e+)}Z+(=Zr+w=component of body Z+ axis taken along w)always 
align with world frame Z axis(Z+(w))at the same time(t=0) 
&their X+(Xr+w)has been aligned with X+(w)at same specific 
time point(in inferred past). However, different e’s have 
different Lw direction; Thus, all Z+(t)/Z+(t1){Zr+w at all/ 
specific time}reside in spherical dome/zone;& the e/e+ Lw
is also restricted to spherical zones(one for e& one for 
e+);There’s transformation between any spatial direction 
(Lq)to spherical zone direction(Lw).For e:Lw(α,θi)=|Lw|Ld( 
α,θi); Ld(α,θi)=[sinβcosα;sinβsinα;cosβ];β=βa+θi(βb-βa)/π; 
0≤α≤2π;0≤θi≤π;βa,βb=constants{unknown in range:0o<βa≤β≤βb< 
30o; Ld=unit vector in spherical zone βa,βb given to any 
direction α,θi}Quantum mechanics mistakenly predicts that
Lw(α,θi)direction is Lq(α,θi)=[sinθicosα;sinθisinα;cosθi];For e: 
Magnetic field=Bu=μ=-Lq;{Lw=Irω0;Ir=[I1,0,0;0,I1,0;0,0,I3];Ir-1=[1/ 
I1,0,0;0,1/I1,0;0,0,1/I3];ω0=Ir-1Lw=|Lw|[sinβcosα;sinβsinα;cosβ/2]/I1} 
For e+:Lw(α,θi)=-|Lw|Ld(α,θi);Lq(α,θi)=-[sinθicosα;sinθisinα; 
cosθi];For e+:Bu=μ=Lq;θ=acos(I3ω03/|Lw|)=β;{For e/e+: ω03=+/-}

Step10a,b,c,dProof.m

Step12a,b,c,d,eProof.m
See table page 5 for:
ω0,ωw,Lw,Lq,Bu values



13-While e+/e contains many bended edges(as e+/e contains many Gs), Gz+/-

contains only 1 bended edge(as it contains 1G);& because collision 
response is dictated by the collision point, we can see that when Gz-

(created by e)collide with e it repel it from its source(e); & when Gz-

(created by e)collide with e+ it attracts it to its source(e);by symmetry 
e+ attract/repel e/e+; Explain Property#1:Like Charges Repel & Opposite 
Charges Attract;& Fe=q1q2ru/(ε04π|r|2); E1=Fe/q2;{Fe=Electric force on charge 
q1; E1=E on q1; r=vector from q2 to q1; ru=unit r; q2&q1=non overlapping spheres 
stationary with respect to each other; ε0=electric constant};|Fe|∝1/|r|2;(∝= 
proportional)as Gz+/-are geometrically diluted in 3D space(Sphere r Surface 
Area=4π|r|2);The bigger the q the more
Gz+/-that don’t cancel each other; {Bug
of classic theory: if |r|0 Fꝏ;But we
know that any interaction between 2 
particles: 1)is finite (even if |r|0);
2)significantly changes when |r| becomes
smaller than their size(except 
gravitational interaction)}
E direction at point is along/opposite
to Gz+/Gz- flying direction at that 
point;

Collision Response: n=normal;I=ICM=Inertia tensor 
at CM;I&ω in rotating frame,rest in world frame; 
R=transform from rotating to world frame;
No deformation(TA,TB,IA,IB,n=constant),No breaking 
(MA,MB=constant)F=FAB=-FBA=|F|n; J=JAB=ʃFdt=-JBA 

=nʃ|F|dt=nj=ʃp’Bdt=pB(t2)-pB(t1)=MBvB(t2)-MBvB(t1) 
=MBvBc-MBvB;vBc=vB+jn/MB; vAc=vA-jn/MA;ʃτBdt=ʃTB×FAB

dt=TB×ʃFABdt=TB×J=ʃL’Bdt=LB(t2)-LB(t1); RB-1(TB×J)= 
RB-1(LB(t2)-LB(t1))=IBωBc-IBωB; QA=RA-1(TA×n); QB=RB-1( 
TB×n); ωBc=ωB+jIB-1QB; ωAc=ωA-jIA-1QA; vn=v●n=amount 
of v in n direction; Coefficient of restitution= 
ě=(vBcn-vAcn)/(vAn-vBn)=({vBc+RBωBc×TB}●n-{vAc+RAωAc×TA
}●n)/({vA+RAωA×TA}●n-{vB+RBωB×TB}●n); {ě determined 
experimentally; ě=1;(elastic;rubber;no energy loss{
Jn,AB=ʃFn,ABdt=ʃp’n,Bdt=MBvBcn-MBvBn=-Jn,BA=-(MAvAcn-MAvAn
);as all on n:MB|vBcn-vBn|=MB(|vBcn|-|vBn|)=-MA(|vAcn|-|v 

An|);Wn,AB=∑{ʃFin,AB(rBi(t))●rBin’(t)dt}=∑{ʃMBiaBin●vBind
t}=∑{½MBiʃ(|vBin|2)’dt}=½MB|vBcn|2-½MB|vBn|2=-Wn,BA=-(½MA 
|vAcn|2-½MA|vAn|2);MB(|vBcn|-|vBn|)(|vBcn|+|vBn|)=-MA(|vAcn
|-|vAn|)(|vAcn|+|vAn|);divide green:(|vBcn|+|vBn|)=(|vAc
n|+|vAn|); all on n: vBcn-vAcn=vAn-vBn}); ě=0;
(plastic;clay;all energy converted to heat/ 
deformation)}solve for j: j=(ě+1){(VA-VB)●
n+ωA●QA-ωB●QB}/{MA-1+MB-1+IA-1QA●QA+IB-1QB●QB}
;{If ellipsoid: I-1=[5/(s22+s32),0,0;0,5/(s12+ 
s32),0;0,0,5/(s22+s12)]/M} If collide:
j=positive; So n dictates VAc;

n

CMB

TB

TA
CMA

Step10a
Proof.m

Step13a,b,
c,dProof.m



Step14a
Proof.m



14-As|ω3|>>|ω1/2| different e/e+ have roughly the same +/-ωw3, but very different 
ωw1,2; so while e’s ωw3 creates only Gz-; e’s ωw1,2 creates different Gxy+/-each time; 
The e’s cluster facet that create Gx+ return to its position each 2TL, but in the 
direction of Bu, 2Gx+s are thrown each 2TL(created by different facet); Thus, with 
average cluster orientation,2 same/opposite Bu e’s positioned along Bu attract/ 
repel twice stronger than 2 opposite/same Bu e’s positioned perpendicular to Bu; 
■ e & e+ with same Bu have exactly opposite Lw & thus the same average cluster 
orientation; Therefore they behave the same in B;■ As X+(&Y+)of e/e+ return to its 
position after 2TL s;no=nodd=1,3,5..;& ne=neven=2,4,6..; represent different phase; 
Quantum spin state consist of:Lq(Bu,Lw,ωw)& phase(no/ne)but only Lq(ωw)effect B&E;

Different 
Colored Arrow=Lw
correspond to e 

Lq of XYZ+/-;

Step14b,
cProof.m

Step14cPr
oof.123dx



If e stand in the middle between 2 same Bu e’s 
(homogeneous B)it feels τ but no F; But if e stand 
in inhomogeneous B(e.g.near 1e)it feels F&changing
τ, which cause it’s Bu to align with B or -B;

e Quantum spin state:|+n>=[e(-iφ/2)cos(θ/2);e(iφ/2)sin( 
θ/2)];corespond to:Lq(θ,φ){for universe(unknown)constant
I1,βa,βb;β=βa+θ(βb-βa)/π;Lw=|Lw|[sinβcosφ;sinβsinφ;cosβ]; 
I3=~2I1;ω0=|Lw|[sinβcosφ/I1;sinβsinφ/I1;cosβ/I3]}&ne phase
(X+&Y+ of e return to its position)|-n>=[-e(-iφ/2)sin(θ/ 
2);e(iφ/2)cos(θ/2)];corespond to:-Lq(θ,φ) & ne phase;
■ |+/-n> derived from L operator, derived from P & r 
operator,derived from Ψ(r,t)=Aexp(i(p●r-Et+φħ)/ħ); 
Satisfy 3D wave equation:∂2f/∂t2=|v|2∆f;{∆f=∂2f/∂x2+∂2f 
/∂y2+∂2f/∂z2}& travel(Ψ shape) along p with |v|=E/|p|;
& Satisfy: photon:E=hf; &quantum particle: λ=h/|p|
{so E/|p|=hfλ/h=fλ=|v|}Ψ also satisfy Simple Harmonic 
Oscillator equation:∂2f/∂t2=-C2f; C=E/ħ=2πf;[rad/s];
Which is also satisfied by the ωr1&ωr2 of cluster with
Ir1=Ir2{d2ωr1/dt2=-C2ωr1; d2ωr2/dt2=-C2ωr2;C=ωr03(Ir1-Ir3)/Ir1; 
Real solution:ωr=[ω01cos(Ct)+ω02sin(Ct);ω02cos(Ct)-ω01sin
(Ct);ω03];& Complex:ωr=[ωr01exp(iCt);ωr02exp(iCt);ωr03]}
Ψ=Aexp(iπn)exp(-iEt/ħ);n=2(p●r+φħ)/h; If n=odd|even
than exp(iπn)=-1|+1; Thus Ψ describe cluster motion 
&phase(no/ne;interaction potential);C=E/ħ=~-ωr03;

Bordo/Pink/Green/Light-green/Blue/Light-blue Arrow=Lw correspond 
to e Lq=[-1;0;0]/[1;0;0]/[0;-1;0]/[0;1;0]/[0;0;-1]/[0;0;1];

Lw=[0;0;±1];
has ꚙ options in 
angle βa/βb From Z+(w); 

Average: e 
orientation& 
Gxy+/-direction 
affect 
collision 
point;Step14aProof.123dx

Step14bPr
oof.123dx



■ e&e+ with same Bu feel the same τ in external homogeneous B(Bh);
but because they have opposite Lw, their Lq precess about Bh in 
opposite direction(B&-B);this is τ induced precession(Gyroscopic/ 
Larmor precession), in contrast to the τ free precession(nutation) 
that described in page 32; so e&e+ in Bh have both τ free& τ induced 
precession;■ In quantum mechanics Lq is called S; Lq can precess at 
the same angle for infinite time; An interaction with another 
particle is required in order to change the precession angle
{τ perpendicular to Lq(efective Lw) at all times}■ Total S&μ cannot be 
measured but for e: Sz=±ħ/2;(ħ=1.054571817646157*10-34Js); μz=-1.760859630234 
135*1011Sz=γSz=Szgsq/(2me);[J/T]μ=Sgsq/(2me);In Bh=B=[0;0;B3]; S precess
about B with ωL=-γ|B|; Sxy=Sxy(0)e-i γ|B|t;{S=Sz+Sxy; τ=μ×B=γS×B=γ|B|[Sy;-
Sx;0]=S’; Sz’=0; since S’=γS×B=Perpendicular to B;S’=Sz’+Sxy’=Sxy’;we can 
write Sxy=Sx+iSy; So Sxy’=S’=γ|B|(Sy-iSx)=-iγ|B|Sxy}■If |+n> particle is
in Bh=B=[0;0;B3];its quantum spin state change with time:|Ψ(t)>=[exp(-
i(φ-B3γt)/2)cos(θ/2);exp(i(φ-B3γt)/2)sin(θ/2)];e/e+ Lq precess about
B/-B every:t1=|2π/(B3γ)|=2π/ωL;s; but while Lq return to its value
after 1 precession circle(t1 s)the spin state return to its value

Step14d,
eProof.m

only after 2 precession
circles(2t1 s);Thus
t1=noTL; But in B&E 
|Ψ(t1)> act as |+n>;{only ω0(Lq) 
effect E&B;|Ψ(2t1)>=|+n>; |Ψ(t1)>=-
|+n>;|<m|+n>|2=|<m|Ψ(t1)>|2}If θ=π/2;
|Ψ(t1/2)> act in B&E the same as 
|-n>{|<m|Ψ(t1/2)>|2=|<m|-n>|2}as they 
have the same Lq;
{but |Ψ(t)>≠|-n> for 
any t; Because t=t1/2 
is needed to get –Lq
but t=neTL; needed to 
get ne & t1/2=noTL/2≠ne
TL; no≠2ne=ne}|+n>Lq
&ne; |-n>-Lq&ne; 
-|+n>Lq&no; -|-n>-Lq&no;

CM is 
unchanged

Step14aPr
oof.123dx



15-E(Gz+/-)interacts with e charge(ω3), but 
not spin(ω1/2);B(Gxy+/-)interacts with e spin 
(ω1/2), but not charge(ω3);But if the e move 
in a static B it experiences an effective 
E,this is Lorentz force=Fm=qv×Be=Magnetic 
force on q[C]moving(v[m/s])through External 
Magnetic field(Be[Tesla]);All Lorentz force 
situations can be explained by simple 
collision resolution see Step15Proof.123dx

16-Biot Savart law:
Bi=10-7qv×ru/|r|2; 
Moving(v[m/s])q[C]generates 
internal 
Magnetic 
Field
(Bi[T])
at r[m];



17-Stern Gerlach: If we fire e through inhomogeneous B(|B North|>|B South|; near 1e),the 
Gxy+/-emitted from B collide with e & cause it to feel F & changing τ/–τ(due to F; +/-τ
depend on the collision point),which cause the Bu of e to align with –B/B;{if it’s homoge-
neous B(e in the middle between 2 same Bu)there is no F & the τ is constant, so e’s S precess
about Bu(Larmor precession)} When its Bu align with -B/B,τ is no longer exerted on the e,& 
it is attracted upward/downward(with same magnitude&shifted 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 Bu of e will be align with B is p; p depend on Gxy+/- collision 
point, which depends in what amount Bu goes in the direction of B=Bu●B=cos(α);{α=angle 
between Bu&B}but -1≤cos(α)≤1; converting to probability range(01; 0≤1+cos(α)≤2)give: 
0≤½+½cos(α)≤1; &by trigonometry identity: ½+½cos(α)=cos2(α/2); so p=cos2(α/2);& the 
probability to get e with Bu in -B direction is 1-p;{(number of e’s with Bu in B)>(number 
of e’s with Bu in -B) by very tiny amount(due to neighbor e’s Bu); thus magnet that contain 
many e’s always align with B(& not –B)} 



18-For Homogenous B=[B1;0;B3]; The probability to get |-Z> from
time evolve |+Z>=|<-Z|+Z(t)>|2=p(+-)=B12/|B|2sin2(t|B|γ/2); 
γ=gsq/(2me); The evolution is due to Larmor precession about B;
For Homogenous B=[0;0;B3]:
|<-Z|+Z(t)>|2=0; |<+Z|+Z(t)>|2=1; 
Lw=[0;0;+|Lw|]; remain [0;0;+|Lw|]; during the precession;
|<-X|+Z(t)>|2=½; |<+X|+Z(t)>|2=½; During precession
Lw=[0;0;+|Lw|] become closer to [+|Lw|;0;0]; half of
the time & half of the time to [-|Lw|;0;0]; 
|<-Y|+Z(t)>|2=½; |<+Y|+Z(t)>|2=½; like X;
For Homogenous B=[B1;0;0]:  
|<-X|+Z(t)>|2=½; |<+X|+Z(t)>|2=½; 
Lwx remain 0 during the precession; Thus equal 
probability to flip to |+X> or |-X>;
|<-Z|+Z(t)>|2=sin2(tB1γ/2)=½-½cos(tB1γ);
{If t=2π/(|B|γ); p(+-)=0; 
If t=π/(|B|γ); p(+-)=B12/|B|2=sin2(α)=cos2((π-2α)/2)};
Lwz changed periodically during the precession; Thus 
Each π/(|B|γ) s it become closer to [0;0;-|Lw|] & each
2π/(|B|γ) s it become closer to [0;0;+|Lw|]; similarly: 
|<+Z|+Z(t)>|2=cos2(tB1γ/2)=½+½cos(tB1γ) ; 
|<-Y|+Z(t)>|2=½+½sin(tB1γ);
|<+Y|+Z(t)>|2=½-½sin(tB1γ);

Step18a,b,cProof.m

The act of separating
|+D> and |-D> create 
precession about D, 
which make distance to 
+A or –A equal, where A 
is perpendicular to D; 
Thus:



Collision response(No deformation): 
(ω,I in rotating frame,rest in world frame)
I-1=[5/(s22+s32),0,0;0,5/(s12+s32),0;0,0,5/(s22+s12)]/M;
R=Transform from rotating to world frame; 
n=unit normal; For elastic|plastic: 
ě=1|0; QA=RA-1(TAXn); QB=RB-1(TBXn); 
j=(ě+1){(VA-VB)●n+ωA●QA-ωB●QB}/{MA-1+
MB-1+IA-1QA●QA+IB-1QB●QB};ωAc=ωA-jIA-1QA;
ωBc=ωB+jIB-1QB;VAc=VA-jn/MA; VBc=VB+jn/MB;
If collide:j=positive;So n dictates VAc
J=jn=ʃFABdt;[t1t2] but in deformation 
TB(t1)≠TB(t2); & IB(t1)≠IB(t2);

n
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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 
ω0; Because this plan of symmetry remains plan of symmetry 
during all of its motion, its ω always align with its Lw
(products of inertia in ω0 direction are 0& remain 0; Izz never 
changed;L=Iω) & |L|=I03ω03=ħ; This formed bended G is Gz-; 
■ je=biggest magnitude of collision impulse that cause no 
deformation when e+ collide with G; In our universe: 
je=MG(c+vG0)=constnat;{MG=G mass;vG=speed of G}Thus the speed 
of G that je cause=c;{Because if: G=A=Ellipsoid[s1=s3=r;s2=0]; 
MG=MA;Gz+=Ac; e+=B=ellipsoid[s1=s2=R;s3]; VB=ωA=[0;0;0];VA=[0;-vG; 
0]; ωB=[0;0;-w];No orientation; n=[0;-1;0];TA=[r;0;0];TB=[-R;0;

0]; je=(vG+Rw)(ě+1)MAMB/(3.5MA+6MB); VAc=[0;je/MA-vG;0];|VAc|=(MA(c+vG))/MA-vG=c}
■ jd=bigger(jd>je)collision impulse magnitude that cause deformation; 
jd=|Jd|; nd=unit normal of the last contact point of G & e+; Gz+ is emitted 
at nd direction; The amount of Jd that goes in the direction of nd=Jd●nd=jd
cosθ=constant=je;{θ=angle between Jd&nd}Because as long as the impulse is 
stronger than je 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:s2,j,n,IA,TA,TB}; 
■ Larger jd increase the ω03 of the formed Gz+ but also increase its 
deformation,& its bending angle(θ), which reduces I03;such that 
|L|=I03ω03=ħ;remain constant for any Gz+{with any θ=acos(je/jd)}
■ Gz+ deformation demonstration:By approximating G into a box[2A,b,c]{A=500; 
b=1;c=1000;p=0.001;[kg/m3] |L|=108}& the deformation into θ, we can evaluate 
Gz+ shape(θ)as function of jd/je; by θ we find I03& than ωA3=ω03=|L|/I03=ħ/I03; 
{ω03 needed to conserve |L|=ħ}We can see that as jd increases:θo& ωA3 increase; 
Furthermore, we can see that Gz+ with bigger ωA3 cause more powerful 
subsequent collision{bigger |Jout|; even though its I values smaller; only the 
longer TA collide with the ball, as rotation is faster than velocity};
■ Other deformed shapes(with same volume& mass as Gz+)can require any|ωA3|to 
preserve |L|;{e.g. cube[1;1;1000000] require |ωA3|=600,000; to preserve |L|};

CMAo b a-x

x

θ

θ

½
X
s
i
n
θ

½Xcosθ

½bsinθ

½
b
c
o
s
θ

π/2
-θ

TA1

TA2

CMA
Thickness=c Jd

Aob

AL
As

CMA

CMB
TB1

CMA
ob A

A

θ

n1

TA1

TA2

CMB

TB2n2
For different jd calculate:θo,I;ωA3

needed to conserve |L|;& Jout in 
subsequent collision where n is 

perpendicular to TA;
Jout

A

Step1
9Proo
f.m

Bending 
Approximation 

for I 
calculation



by similar triangles:(n-β) 
parallel to r}&B(x,t)=10-7qv×n 
(1-|β|2)/((1-β●n)3|R|2)=~10-7q 
v×ru/|r|2;{if v<<c;β=v/c=~0;(n-
β)=~n=~ru;R=~r;so it’s Relativ-
istic correction of biot savart 
law}■ If motion starts:v(tret) 
=0;& a(tret)≠0;B(x,t)=a×n10-7q 
/(c|R|)=~10-7qa×ru/(c|r|);
{E(x,t)=nq/(4πε0|R|2)+n×[n×β’]q
μ01/2/(4πε01/2|R|); B(x,t)=10-7n×( 
n×[n×a])q/(c|R|)}

■ E(x,t) 2ndterm proportional to 1/R(&not 1/R2)
Thus it fall slower with distance & represent 
light;■ If there is no acceleration:E(x,t) is 
in r direction{line qq=vdt=v|R|/c=β|R|;& R=n|R|; 

Step15Pro
of.123dx

Step19Proof.m

Step19Pro
of.123dx

=

Liénard–
Wiechert

Accelerated(a)e/e+ collide with G twice, creating what we call photon(GƔ)The 
stronger the collisions,the larger the GƔ’s:|ω|&its deformation;but larger 
deformation has smaller values of I, thus |L|=|Iω|=ħ; remain constant;while 
Er=½ω0●Iω; increase with|ω0|;Tf=1/f=time taken for ω0to approximately~return 
to its position=2π/ωp=2πdt/dϕ;Collision 
impulse bigger than the non-bending 
impulse will continue to bend G,until
it reaches the non-bending impulse 
value, which cause GƔ/Gxyz+/- |v|=c; 
Regardless of G/e/e+

v; Wr=ʃFdx=ʃFrdϕ[ϕ=0
2π]=ʃFrωpdt[dt=0
Tf]=ωpʃτdt=ωpL=ωpħ=
Er=hf=½ω0●Iω;

See page 
16,33,34



20-Right/Left circularly polarized photon=GƔ that its 
Lw & v are opposite/parallel; Their ω ~precess around 
–v/v; create rotational effect when collide into a 
target (many GƔ adds up the same rotational effect); 
Linearly polarized photon=GƔ that its Lw & v are 
perpendicular,its ω~precess perpendicular to v, thus 
its total effect is canceled out upon many collisions 
(because each GƔ collide into different point at target),
& we say mistakenly that it has no angular momentum;
Elliptically polarized photon=GƔ that its Lw&v are not perpendicular and not parallel|opposite; 
Some GƔs require e+(or other positively charge particle) to create them; Polarizer=Long sheets of 
molecules that are capable of moving in only 2 specific direction(Q&-Q),if GƔ‘s Lw is parallel 
to Q/-Q, than GƔ‘s precessing ω push the polarizer in its unmovable direction, & the polarizer

■ The bigger the GƔ f the 
slower it travel in a 
material; as e 
returning time(by Gz+/-)

increased
(when e return  

GƔ emitted)
■ The denser the 
material the  

slower GƔ
travel in it;
as more atoms 

absorb & 
emit GƔ;

won’t vibrate&won’t emit GƔ(GƔ doesn’t pass); If GƔ‘s Lw is perpendicular to 
Q, than GƔ‘s precessing ω push the polarizer in its movable direction,& the 
polarizer will vibrate & will emit GƔ(GƔ pass); Thus GƔ passing probability= 
|Q×Lwu|=|sinα|;{α=angle between Lw&Q; -1≤sinα≤1; but-1&1 are solutions so use||} 
What we call linear photon polarization=PƔ=Lwu×vu;(vu=v/|v|)=>Lwu=vu×PƔ; Thus 
GƔ pass probability=|Q×(vu×PƔ)|=|vu(Q●PƔ)-PƔ(Q●vu)|=|vu(Q●PƔ)|=|vu(cosθi)|=|cosθi|; 
{Q&PƔ perpendicular;a×(b×c)=b(a●c)-c(a●b)}|E|=|E0|cosθi;I0=½cε0|E0|2; I=½cε0|E|2= 
I0cos2θi; The emitted GƔ from the polarizer has PƔ=Q;{follow collision v&point}



21-Rabi cycle: For Homogenous B1 rotating about Homogenous B3:
B=[B1cos(ωt);B1sin(ωt);B3]; ω1=-B1γ;ω3=-B3γ;γ=gsq/(2me); p(+-)= 
Spin flip probability=probability to get |-Z> from time evolve
|+Z>=ω12/(ω12+(ω-ω3)2)sin2(½t(ω12+(ω-ω3)2)1/2); If ωω3; p(+-)= 
sin2(t½ω1); making the amplitude of spin flip probability to 1; 
and the time taken for this flip=t=π/ω1=2πme/(B1gsq);{p(+-)= 
sin2(π/2)=1}e in B3 will have larmor precession with |ωL|=B3γ=ω3; 
rad/s; If we rotate magnetic field perpendicular to B3 at |ωL|
rad/s Gxyz+/- will always hit e face in opposite direction of its 
face motion, creating stronger force that flip its internal 
magnetic field direction(opposite Lq but not opposite Lw;see LqLw
transformation); The time taken for this flip increase with me & 
decrease with B1&q;While ω3 is rad/s;f is(number of occurrences 
of repeating event)/s. thus ω3=2πf; and if we fire circularly 
polarized photon with f=ω3/(2π); at right angle to B3 it will 
also flip the electron; GƔ with f=ω3/(2π); has period=Tf=1/f=2π
/ω3=4πme/(B3gsq)=noTL=Tw=time taken for GƔ‘s ω0 to ~return to its 
position(it never return exactly)same as the larmor precession 
period of e; Thus all GƔs will also collide with e in opposite 
direction of its motion, creating strong force that flip e; 
■ E(Gz+/-)interacts with e charge(ω3), but not spin(ω1/2); B(Gxy+/-)
interacts with e spin(ω1/2),but not charge(ω3);In homogenous B, 
spin can precess at same angle for infinite time. Interaction 
with other particle is required to change precession angle. 



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;=>α=β{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=>α=β}
2) Correct explanation: GƔ can be reflected from any mirror’s e,but the force it exerts 
on the detector is canceled out by step 22, unless it obey the law of reflection(α=β);

Herpolhode=curve 
traced out by ωw
Box 
size=
[0.05;
0.3;1]

ω(0)
=[0.1;

0.2;12]

L

22-The total effect of many colliding GƔs can be roughly calculated by summing up 
all their FƔ=collision normal vector from GƔ point that is farthest from GƔ CM(Center 
of mass; this point collide first);If GƔn arrive to target after different time dtn
than its FƔn can be ~calculated by rotating FƔ about Lw by: 2πdtn/Tf rad; {Tf=1/f=time 
taken for GƔ’s ω0 to ~return to its position}Or by 2πfdtn=ωdtn;rad;{ω=angular frequency} 
■ While GƔ‘s ω0 is roughly ~rotated about GƔ‘s Lw, Gxyz+/-‘s ω0 is parallel to its Lw; 
thus the total effect of many Gxyz+/- can be precisely calculated by summing up all 
their FEM(collision normal vector from Gxyz+/- point that is farthest from Gxyz+/-CM); 
If Gxyzn+/- arrive to the target after different time dtn than its FEMn can be 
calculated by rotating FEM about Lw by: dtn|ω0| rad;



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 cone angle α that its base originate from the 
big object B(radius h), which is at distance D; Thus α=atan(h/D); Force=Area*Pressure; 
The effective pressure for any prevented collision at θ,ϕ inside the cone is kcos(θ); 
k=constant; cos(θ)=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=ʃʃkcos(θ)r2sin(θ)dϕdθ;[first integrate by ϕ from 0 to 2π; & than 
by θ from 0 to α]{Area element=r2sin(θ)dϕdθ}F=kπh2r2/(D2+h2)=~kπh2r2/D2;{D>>h}so it obay 
the Inverse-square law like:Newton Gravitational force: F=Gm1m2/D2;

Step24P
roof.m

Step24
Proof.
123dx

■ 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=~kπh2r2/D2; Where r2 is an expression to its mass;{sphere surface area=4πr2}■ gravitational redshift is caused 
by the movement of the e that create the GƔ or by the e in the receiver; The changes in e& G/GƔ collision impulse is 
increased with gravity; ■ Cosmological 
redshift doesn’t caused by stretching 
GƔ, but by long series of doppler 
Redshifts;

{GƔ is absorbed 
& re-emitted 
between many 
stars until it 
reach us, each 
move with respect 
to each other 
due to the 
expanding 
universe & 
its e emit 
a more 
redshifted GƔ}



25-Entanglement: If e/e+ collide with G it bend & rotate it, transform it into GƔ/Gxyz+/-

with v=c; always, because the bending reduce the collision energy responsible for v; But 
in the universe there are also small clusters(O) 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 back& forth between 2 opposite 
Lq e/e+ creating what we call entanglement{changing e A Lq change O collision point, which 
change O collision point into e B, which transform e B Lq to be opposite of e A Lq 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 1of 3 directions(120o 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.
■ If there are hidden variables, each particle has a plane(how to be measured in 
each direction(1,2,3)); plane1(uuu,ddd), plane2 (udu,dud)rest equivalent. So 
probability to get different result for plane1 is 1 & for plane2 is 1/3*2/3+
1/3*1/3+1/3*2/3=5/9; so overall P>5/9 for different results; ■ If there is 
faster than light communication
Probability for same result
=3*(1/3*0+1/3*2/3*cos2(60/2)
)=1/2;P for different 
results=1/2; & that is what 
we get in the experiment;



Universe properties 
involving many particles
(Less certain explanations)



26-Photons 1 & 4 exhibit quantum 
correlations(entanglement), despite 
that they have never coexisted; 
Explanation: β-BaB2O4(BBO) emit GƔs 
that fly at v=c; & Os that fly at 
v>>c; O steer the e in the beam 
splitter(BS) & the e in BBO to be 
correlated, thus when BBO emit GƔ3/4
they will be correlated with GƔ1/2;

27-Elitzur–Vaidman bomb tester: QM Wrong 
explanation: Bed bomb=photon pass through 
without absorbance;photon go in both pathways; 
C click; D not(destructive interference); Good 
bomb=explode upon photon absorbance; photon 
chose way, if pass through bomb it explodes, 
if chose upper path bomb not explode & D or 
C click; so if D click we know the bomb good 
without explode it(25% chance)
Correct Explanation:Half-silvered mirror(HSM) 
eject GƔ in one direction & O in the other; O 
steer the e in mirror & e in upper HSM to be 
correlated; If there is bed bomb(or no bomb)GƔ hit 
the e in the upper HSM & C click(D won’t click as 
e in D path get O that destructively interfere with 
GƔ); If there is a good bomb, GƔ explode it, or O 
get absorb by the bomb without exploding it(O is 
a sphere & is not rotated)& GƔ go & click D/C; 

https://arxiv.org/p
df/1209.4191.pdf

28-Double slit: e/GƔ collide with e in 
the edge of the narrow slits, this e 
emit e/GƔ & O; O steer the e in the 
screen & entangled them with the e in 
the slits’ edges. Thus next emitted 
e/GƔ will thrown to the entangled es 
in the screen(which were chosen by GƔ’s
cTf or e’s vTL); Any measurement device 
before/after the slit interfere with 
the entanglement;



29-Michelson-Morley, Kennedy–Thorndike & Ives–Stilwell experiments explanation:
1) 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[L0=ƔL=Length of the object as measured by observer at rest with 
respect to the object], Time dilation[T0=T/Ɣ=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 
length as shorter & the time interval between 2 events in the other object as longer}=>
Relativistic Doppler Effect[In motion direction: λobserver=λsource((c+v)/
(c-v))1/2;& Perpendicular direction λobserver=λsourceƔ];=>Doppler& length 
contraction explain these experiments; consequence:There is no 
universal truth in the universe: The universe doesn’t exist;
2) More probable explanation: The result of these experiments is 
consequence of 2 processes: a) λ(λ=c/f)of GƔ result from e & G 
collision velocity; and GƔ&e collision velocity depend also on λ
of GƔ;=>Doppler equations; b) If in stationary atom the distance 
between 2 vertical e’s & 2 horizontal e’s is equal(L=D)than Gz-

travel time in these cases must remain equal even if the atom move: 
dtrl=dtud; to achieve this the atom is contracted along the 
direction of motion such that: D->D/Ɣ;{atomic e’s really move in 
direction of motion,such that dtrl=dtud; as e rotates& must collide with 
Gz- the same as stationary atom to conserve the atomic structure; 
dxr=D+vdtr; dtr=(D+vdtr)/c;=>dtr=D/(c-v); dxr=Dc/(c-v); dxl=D-vdtl; dtl=(D-v
dtl)/c;=>dtl=D/(c+v); dxl=Dc/(c+v); dtrl=dtr+dtl=Ɣ22D/c; dxrl=dxr+dxl=Ɣ22D; 
dtu=dtd=½dtud; Lt=L1=L2=[L2+(½vdtud)2]1/2; dtud=2Lt/c;=>dtud=Ɣ2L/c; Lt=[L2+(vƔL/c
)2]1/2; dxud=2Lt=Ɣ2L; M-M(1887): L=D=11; v=3*104; c=3*108; dx=dxrl-dxud=
2Ɣ(ƔD-L)=1.1*10-7; light λ=5*10-7; should give destructive interference, but didn’t; DD/Ɣ; solve 
it; K-T(1932):D≠L; DD/Ɣ; dxrDc/(Ɣ(c-v)); dxlDc/(Ɣ(c+v));Fringe shift=FS=(dxr+dxl-2Lt)/λs≠2(D-
L)/λs;[no movement result];Solution:λu=λd=λsƔ;λr=λs[(c+v)/(c-v)]1/2;{t1 e,red bottom e,ta e move 
away from the light,thus feel weaker collision force(longer λ)}; λl=λs[(c-v)/(c+v)]1/2;
{left magenta e move toward light,thus feel stronger collision force(shorter λ)} 
FS=dxr/λr+dxl/λl-Lt/λu-Lt/λd= 2(D-L)/λs; I-S(1938)can be explained by doppler;so real 
length contraction of e& doppler explain all 3 experiments; 



The mass of an 
object is a 
fundamental 
invariant of the 
theory of 
relativity, 
something that 
all observers 
can agree on

30-stellar aberration explanation:1)Less probable explanation that give correct 
result: Einstein’s relativity principle;=>Lorentz transform;=>relativistic 
velocity addition;=>stellar aberration; 2) More probable explanation: For rest 
frame light goes along c m ruler in 1s;■ In the direction of motion, in moving 
frame the ruler shrink to c/Ɣ m, but we can’t know that(as we compare it with 
the unchanged dy & when we switch the scale ruler it shrink also),so light suppose 
to pass this length in 1/Ɣ s,but we measure 1/Ɣ s as 1/Ɣ2{Gz+/- travel time between 
2 e’s represent time unit duration; stationary dtud=2L/c; dtud=Ɣ2L/c; in a moving 
clock; so the number of time units in a period shrink for a moving clock(explain Muon 
decay in the atmosphere)}so we measure the speed of light as c/(1/Ɣ2)=cƔ2; ■ In direction perpendicular to 
motion direction, in the moving frame, the ruler doesn’t shrink, but 1s still measured as 1/Ɣ,so we measure 
the speed of light as c/(1/Ɣ)=cƔ; ■ Thus, in stelar aberration,when we add the v of earth; uy’=csinθƔcsinθ;

and ux’=(v+ccosθ)Ɣ2(v+ccosθ); Thus:tanϕ=uy’/ux’=Ɣcsinθ/(Ɣ2(v+ccosθ)) 
=sinθ/(Ɣ(v/c+cosθ)); 
31: E2=(Ɣmv)2c2+m2c4; explanation: 
1) Less probable explanation that give correct result: If we 
analyze eccentric impact collision from a moving body 
frame, using relativistic velocity addition, we’ll 
see that momentum is not conserved; Thus we change 
definition of momentum to Ɣmv & now momentum always 
conserved; integration of (Ɣmv)’ Give E equation; 
2) More probable explanation: In direction
perpendicular to motion direction, in a moving frame
length doesn’t change & vƔv so p=mvƔmv; integrate
(Ɣmv)’ give E;



■So all experimental foundation of special&general relativity can be explain 
by: Time dilation{result from increased Gz+/- 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 Gz+/- continuously collide between e’s until a 
stable structure achieved; thus Gz+/- 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 λ of GƔ caused by e 
velocity when collide with G;& GƔ & e collision velocity depend on e’s v & GƔ’s λ} 
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 & GƔ 
collision result achieved when assuming e & 
GƔ are particles& make sure Energy& Momentum 
conserved; In my theory the photon total 
energy=hf+½Mc2; Thus in: Ee+Ep=Ee’+Ep’; ½Mc2 

can be reduced & the derivation still work.
■ In Rayleigh scattering the e remain bound 
to the atom after the collision thus Gz+/-

also participate in the collision;
■ Bremsstrahlung: Firing electron with high 
KE into piece of metal yield predominantly 
Xray photon; The greater the electron KE the

higher the photon‘s frequency; ■ Photoelectric effect: 
Ejected electron’s kinetic energy=hf-ϕ; Where, ϕ=work 
function= minimum energy needed to release the electron. 
In my theory the photon total energy=hf+½Mc2;Thus ΔE=hf1+ 
½Mc2–hf2-½Mc2=h(f1–f2);still fit the data. Or ϕ=ϕreal-½Mc2;



33-Cyclotron high velocity electron failure: cyclotron circular 
motion period=T=2πr/v=2πm/(qB); {Centripetal Force=mv2/r=vqB}; is 
independent of v only for v<<c; for high speed m=m0Ɣ;{Ɣ=[1-v2/c2]-1/2;  
Ɣ>1; m0=rest mass} Because each T,Gz- collide with e& accelerate 
it;& each Tc/g;{g=1/(1-ev2/Gzv2)1/2; Tc=constant derived from G density 
in the universe; Gzv/ev=Gz-/e velocity}e collide with G & grab it(the 
faster e move, the more G it grab);so in high speed the mass of e is 
increased, some colliding G are transformed into GƔ; 
In deceleration e release G as GƔ;{synchrotron solve this by 
increasing |B| as e speeds up; cyclotron can’t work for e as it gain 
high speed immediately, due to it’s small mass(v=rqB/m)}; e/e+ collide 
with G but GƔ/Gxyz+/- usually don’t collide with G, because GƔ/Gxyz+/-

are very small compared to e/e+;so they miss the Gs almost always;  

Step22Proof.m

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



34-While the multiple steps creating e/e+ give them a specific structure 
[I1=I2=~I3/2, ωw & Z+ Return to ω0 & Z+0 each  TL=2πI1/|Lw|;s; |ω03|>>|ω01/2|: 
X+ ~return to X+0 each 2TL](by Intermediate& Major axis theorem and by numerous 
collisions & centrifugal force) GƔ is creating by only 2 collisions and has 
no unique shape, however, as we can see from page 13, its ωw ~return to ω0 
each Tf s; For both GƔ & e/e+ ωw period dictates the B interaction; While 
the spin state period indicate a more precise period that is still 
common to all e/e+/(Gɣwith same f); Thus for e/e+ the spin state period is 
2TL(take into account ωw & X+ period; & called spin ½ particle) but for Gɣs
with same f it remain Tf as each Gɣ originate from different G shape and 
has different Gɣ shape, even though they all have the same f;(spin 1 
particle)Yet all e/e+/Gɣ have period(T) and thus f=1/T; If they move they 
have: λ=v/f=vT; For Gɣ: λ=c/f=cTf=h/pR; {E2=(Ɣmv)2c2+m2c4; Ɣ=[1-v2/c2]-1/2; 
pR=Ɣmv; m0; E=cpR=hf=hc/λ}
■ Davisson Germer experiment: Electrons released from tungsten filament 
accelerated using 54V=KE/q battery into nickel chloride crystal 
(d=2.15*10-10), the scattered electrons have maximum intensity at θ=50o; 
1) Less probable explanation: de Brogllie’s hypothesis: electron is wave:
λ=h/p=h/(mv)=1.67*10-10 ;{v=(2*m*KE)^(1/2)/m=(2*m*V*q)^(1/2)/m=4.36*106m/s; 
m=9.109*10-31; V=54; q=1.602*10-19; h=6.626*10-34} the peak is due to 
constructive interference of wave: λ=dsinθ/n=1.65*10-10/n; n=integer;
2) More probable explanation: For e/e+: T=TL=2πI1/|Lw|=8π2ms22/(5h); 
{|Lw|=h/(4π); I1=m(s22+s32)/5; s30; TL is common to all e/e+ with any angular 
momentum}Thus, if es, with same Lw, that fly with v, arrive at the detector 
with the same ωw, we see larger signal; for this to happen, the extra 
travelling time=dsin(θ)/v=nT; n=integer;{indicate that T=1.89*10-17/n; & 
s2=2.95*10-11/n1/2}; Because all e/e+ are same mass asymmetric clusters 
[I1=I2=~I3/2; |ω03|>>|ω01/2|] & their Z+ align each TL;



35-Annihilation: Explanation: e 
collide with e+, they become attached 
together and stop rotating, while 
releasing 2 Gɣs that carry their 
rotational energy; Gɣ‘s f=mec2/h;
■ 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 0. 
probability increases as~[nearby atomic 
number]2 & with photon energy (dominant 
mode of interaction for X& gamma-rays)} 
Explanation:Gɣ collide with 
annihilated e-e+ cluster detach them& 
rotate them again; Gɣ‘s f=2mec2/h;

36. [mass of nucleus]-[mass 
of its nucleons]=Δm<0 always, 
but different for different 
elements. Δmc2=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=c2[2mp+2mn-malpha]; mn=939.5; mp= 
938;malpha=3727;[MeV/c2]binding E}



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*10-19. {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; 



Wild guess
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38-u|d Quark is probably like e+|e cluster but with more G components & 
L3=2/3 of e+’s L3| L3=1/3 of e’s L3; Anti u|d Quark is probably like e|e+

cluster but with more G components & L3=2/3 of e’s L3| L3=1/3 of e+’s L3; 

39-Color charge is probably the particle’s Bu; where Red/Green/Blue are 
X+/Y+/Z+ Bu direction & AntiRed/AntiGreen/AntiBlue are X-/Y-/Z- Bu; While 
X+&X- Bu particles attracts X+&Y+&Z+ Bu or X-&Y-&Z- Bu particles impose no B 
force on each other & allow a delicate attraction dance by opposite L3;

40-While Helicity=sign(L●p);{+=RH; -=LH}, Chirality is probably a 
function of p●r & 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; ■ Neutrino is probably like e cluster but 
with less G component & with initial orientation that flip it 90o about 
X axis; thus its major rotation is about the world Y axis and its L30;

41-In atom the e & the positive nucleus play give and take with Gxyz+/-; 
Thus number of Gxyz+/- rotations must be integer number in equilibrium. 
The equilibrium can reach in many ways, 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;





Green=Pure definition; Quantity=a=1+1..+1[a times]; a+b=a+1+1..+1[b times]; a-b=a-1-1..-1[b times]; 
a*b=ab=a+a..+a[b times]; a/b=c=>a-b-b..-b[c times]=0; ab=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; h0; Integral=
ʃf(t)dt=dt(f(t1)+f(t1+dt)+f(t1+2dt)..+f(t2-dt));dt0;vector=[x;y;z];a●b=axbx+ayby+azbz;|a|=(a●a)½; 
Blue=Measurements:Mass=m=The quantity of Kilograms that balance an object in scales; Time=t=The 
quantity of Seconds(Sand grains)that pass; Space=The quantity of Meters in every direction; Red=Dressed definition;Each is 
[fx(t);fy(t);fz(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; 
2nd newton law}Impulse=J=ʃFdt=ʃp’(t)dt=p(t2)-p(t1);{Thus if F=0:p(t2)=p(t1)=>p conserved} Rigid body=continuous distribution of 
point masses(mi)with neglected deformation; Center of mass=CM=1/M*Σmiri; M=Σmi; CM of Rigid body follow trajectory of point 
mass; Π=Circle circumference/(2*Radius); Angle=θ;[rad=1/(2π) circle];sin(θ)=b/c; cos(θ)=a/c; Free Rigid body rotates about 
its CM; Any rotation can be described by 1 axis &1 angle; Rotation & Translation can be analyzed separately; If r is point 
in rigid body that rotates about z; r=|r|*[cosθ;sinθ;0]=|r|er;{|r|=constant;x=x(t)}r’=|r|*θ’*[-sinθ;cosθ;0]=|r|θ’eθ=|r||ω|eθ
=Tangential velocity=VT; |Angular velocity|;{eθ&er perpendicular}a×b=[aybz–azby;azbx–axbz;axby–aybx]; ω=u*θ’;u=unit vector along 
axis of rotation(right hand indicates+direction) VT=ω×r; ω=(r×VT)/|r|2; r’’=VT’=-|r|θ’2er+|r||θ|’’eθ=–|r|
|ω|2er+|r||α|eθ;Centripetal Acceleration=ac=ω×VT;|Angular Acceleration| α=ω’;Tangential Acceleration=aT
=α×r; If m(t)=m(0):Centripetal Force=Fc=m*ac;Matrix*v=[a,b,c;d,e,f;g,h,i]*[x;y;z]=[xa+yb+zc;xd+ye+zf;
xg+yh+zi]; if M*ν=λν; eigenvector;eigenvalue(quantity)Angular momentum=L=r×p; For rigid body L about
CM=LCM=∑[ri×pi]=∑[ri×VTimi]=∑[ri×(ω×ri)mi]=I*ω; Inertia tensor=I(t)=[Ixx,Ixy,Ixz;Iyx,Iyy,Iyz;Izx,Izy,Izz]; Ixx= 
∑(riy2+riz2)mi; Iyy=∑(rix2+riz2)mi; Izz=∑(rix2+riy2)mi;{always+;measure mass distribution about an axis}Ixy=Iyx=
-∑rix*riymi;Ixz=Izx=-∑rixrizmi;Izy=Iyz=-∑rizriymi;{+/-/0;measures of symmetry; If xy is plane of symmetry: Izx=Izy=0; If xy&zy are plane 
of symmetry:Ixy=Ixz=Izy=0};Torque=τ=L’=(r×p)’=r’×p+r×p’=VT×mVT+r×F=r×F=m*r×a; For rigid body τ=∑miri×ai=∑mi[ri×(aTi+aci)]=∑mi[ri×(α×
ri+ω×VTi)]=∑mi[ri×(α×ri+ω×(ω×ri)]=Iα+ω×Iω; Angular Impulse=K=ʃτdt=ʃL’(t)dt=L(t2)-L(t1);{Thus if τ=0:L(t2)=L(t1)=>L Consered; I(t1) 
ω(t1)=I(t2)ω(t2);but usually I(t1)≠I(t2);&ω(t1)≠ω(t2)}Until here,component of each vector were taken along world framew;but I(t) 
=Iw=unknown;If r=frame in CM at principal axes rotate with body;&its basis vectors=νi=νi(t);than Iwν1=Ir1ν1;Iwν2=Ir2ν2;Iwν3=Ir3ν3;Iri= 
constants{Iw,νi change together with time; νi&Iri=eigen vector& value of Iw}& ω=ωw=ωw1[1;0;0]+ωw2[0; 1;0]+ωw3[0;0;1]=ωr1ν1+ωr2ν2+ωr3ν3= 
Rωr;(ωr=ωr(t)=component of ωw taken along r;R=R(t)=[ν1,ν2,ν3]=rotation matrix from r to w)&LCM,w=Iwωw=Iw(ωr1ν1+ωr2ν2+ωr3ν3)=ωr1Ir1ν1+ωr2Ir2 
ν2+ωr3Ir3ν3=RIrωr=IwRωr;Ir=[Ir1,0,0;0,Ir2,0;0,0,Ir3];Iw=RIrR-1;If r=body point; rr=rr(t)=rr(0); rw=Rrr; rw’r=components of rw’ taken
along r;(rw’r≠0;rr’=0)R-1=Inverse R=RT;ω×=W=[0,-ω3,ω2;ω3,0,-ω1;-ω2,ω1,0];rw’r=RTrw’=RT(ωw×rw)=RTωw×RTrw=ωr×rr=Wrrr=RT(Rrr)’=RTR’rr; 
Lr=RTLw=RT(Iwωw)=RT(RIrRTωw)=Irωr;τw=Lw’=(RLr)’=(RIrωr)’=RIrωr’+R’Irωr;(Ir’=0)τr=RTτw=RT(RIrωr’+R’Irωr)=RTRIrωr’+RTR’Irωr=Irωr’+ωr×Irωr
;{τw=Lw’;τr≠Lr’}If τw=0; we can find R& ωr by solving:Irωr’=Irωrxωr;& R’=R[0,-ωr3,ωr2; ωr3,0,-ωr1;-ωr2,ωr1,0];{I in vector R from CM=IR 
=ICM+M[R22+R32,-R1R2,-R1R3;-R1R2,R12+R32,-R2 R3;-R1R3,-R2R3,R12+R22];I of 2 bodies v&u from systemCM=Iv+Iu}Translation velocity=Vt;Work on 
rigid body=∑{ʃFi(ri(t))●ri’(t)dt}=∑{ʃmiai●vdt}=∑{½miʃ(|v|2)’dt}=∑{½miʃ(|Vt+VTi|2)’dt}=∑{½miʃ(|Vt+ω×ri|2)’dt}=½ω(t2)●I(t2)ω(t2)-½ω(t1) 
●I(t1)ω(t1)+½M|Vt(t2)|2-½M|Vt(t1)|2=KErot(t2)-KErot(t1)+KEtr(t2)-KEtr(t1)=∆KE;{Fi(ri(t))=∇KEi(t);Vti=Vt;if Fi=0:KEtr(t2)+KErot(t2)=KErot(t1 
)+KEtr(t1)=>E conservation; Vt,(I&ω) in worr frame(½ω●Iω=½|ω||Iω|cosα); ∑{ʃFi(ri(t))●dri}=>∆PE}In a&b collision(Fiab=-Fiba):Wa=-Wb;



Feynman's Wobbling Plate: For body: Ir1,Ir2,Ir3; If τw(t)=0: then τr(t)=0;& by τr(t)=Irαr(t)+ωr(t)xIrωr(t); we get: Ir1dωr1(t)/ 
dt+(Ir3-Ir2)ωr2(t)ωr3(t)=0; Ir2dωr2(t)/dt+(Ir1-Ir3)ωr1(t)ωr3(t)=0; Ir3dωr3(t)/dt+(Ir2-Ir1)ωr2(t)ωr1(t)=0; If Ir1=Ir2: dωr3(t)/dt=0; so 
ωr3=constant; by C=ωr3(Ir1-Ir3)/Ir1; we get: dωr1(t)/dt=C*ωr2(t); dωr2(t)/dt=-C*ωr1(t); derivate: d2ωr1(t)/dt2=C*dωr2(t)/dt=-C2* 
ωr1(t);=> Simple harmonic oscillator; d2ωr2(t)/dt2=-C*dωr1(t)/dt=-C2*ωr2(t); ωr1(t)=A*sin(C*t); ωr2(t)=A*cos(C*t); A=(|ωr(0)|2- 
ωr3(0)2)1/2;{ensure |ωr(0)|=(A2+ωr3(0)2)1/2} If we define: World frame[x,y,z] such that z align with Lw; Connecting frame[x’, 
y’,z’] which is the result of rotation about z(by ϕ’ rad/s), and then about x’(by θ’ 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 Ψ’ rad/s); ω(t)=ϕ’(t)θ’(t)Ψ’(t); 
but ω3≠Ψ’; ϕ,θ,Ψ are not orthogonal & used to separate spin from precession; If 3=body symmetry axis(circular body): then 
x’,y’,z’ are also principal axes; I3=Iz’; & I1=I2=Ix’=Iy’; Lz’=|Lw|cos(θ(t))=Iz’ωz’=I3ω3; because ω3=ωr3=constant;{dωr3(t)/dt=0} 
θ(t)=acos(I3ω3/|Lw|)=constant; thus θ’(t)=0; θ(t)=θ(0)=θ; |Lw|=I3ω3/cosθ; Ly’=|Lw|sinθ=Iy’ωy’=I1ωy’; ωy’=|Lw|sinθ/I1=ϕ’(t)*sinθ; 
{θ’=0& Ψ’ perpendicular to ωy’ so only ϕ’ effect ωy’}ϕ’(t)=|Lw|/I1=D=constant=I3ω3/(I1cosθ)=relative precession rate; ωx’=θ’(t) 
=0; ωz’=ω3=perpendicular to ω1,ω2,ωy’; so only ωy’ effect ω1,ω2; ω2=ωy’cosΨ=ϕ’(t)sinθcosΨ; ω1=ωy’sinΨ=ϕ’(t)sinθsinΨ; ω1‘(t)= 
ϕ’’(t)sinθsinΨ+ϕ’(t)θ’(t)*cosθsinΨ+ϕ’(t)sinθ*Ψ’(t)cosΨ=0+0+ϕ’(t)sinθΨ’(t)cosΨ; I1ω1’-(I1-I3)ω3ω2=0; gives: I1ϕ’(t)sinθΨ’(t) 
cosΨ-(I1-I3)ω3ϕ’(t)sinθcosΨ=0; Ψ’(t)=ω3*(I1-I3)/I1=C=relative spin rate=constant;{Iri=Ii; ω3 effected by Ψ’&ϕ’; ω3=spin=Ψ’(t) 
+ϕ’(t)cosθ; Ψ’(t)=Lwcosθ(1/I3-1/I1)}If the body symmetry axis is initially inclined by an angle θ from Lw (vertical), with 
an angular velocity ω3,than the motion of the plate is given by:ϕ(t)=D*t=ω3I3/(I1 cosθ)*t; θ(t)=θ(0); Ψ(t)=C*t;{Ψ(0)=ϕ(0)=0} 
Ψ(t) represent rotation; ϕ(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=[Ir1ωr1(0); 
Ir2ωr2(0);Ir3ωr3(0)](that now is not the world Z axis), L is θ=arccos(I3ω3/|L|); rad from the body 3-axis; ϕ’=rate that body 
3-axis precess about L[rad/s] not depend on the rotation about the body 3-axis(Ψ),because 
Ψ don’t move the body 3-axis; but Ψ depend on ϕ, each ϕ rotation rotate Ψ one cycle}
{Observer in world frame would see the z’-axis(&ω) trace out a cone as it precesses about 
L; the body cone(z’center) rolling along the space cone;ω is line where the 2 cones touch;
ω also precess about z’};If the body symmetry axis has negligible thickness: Ir1=Ir2=¼MR2; 
Ir3=½MR2=2Ir1;(M=mass,R=radius); Ψ(t)=-ω3*t; ϕ(t)=2*ω3/cosθ*t; If θ0: ϕ’(t)=2*ω3;{wobbling 
frequency approaches twice the rotation frequency, but the wobbling amplitude also decreases}.
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s=[0.05;0.3;1]; m=40;
ω=[0.1;0.2;6];

ω=[-0.1;
-0.2;6];

Appendix 1: General Rotational Motion Visualization
To visualize the rotational motion of a general object: find its 
principal axes of inertia(axes from center of mass where all 
products of inertia are 0; possible to find for any object; for
ellipsoid its our s1,s2,s3); Align these axes with world coordinates
(x,y,z),the object center of mass will not move and it’s on [0;0;0];
ω=ω at time 0; m=object mass; For ellipsoid object calculate:I1=m*
(s22+s32)/5; I2=m*(s12+s32)/5; I3=m*(s22+s12)/5; T=I1ω12+I2ω22+I3ω32; draw
body ellipsoid:1=x2/(T/I1)+y2/(T/I2)+z2/(T/I2); From now on,object
orientation will be the same as the orientation of this body
ellipsoid; Calculate: L=(I1ω1)2+(I2ω2)2+(I3ω3)2; draw the momentum 
ellipsoid: 1=x2/(L/I12)+y2/(L/I22)+z2/(L/I32); Draw the Polhode on the 
body ellipsoid, the Polhode is the intersection curve of the body 
ellipsoid &the momentum ellipsoid. The point ω lie on the body 
ellipsoid, draw a normal to the body ellipsoid at that point(This
normal=(2/T)*[I1ω(1);I2ω(2);I3ω(3)]),draw an invariable plane with 
the same normal at point ω(distance between[0;0;0]&invariable plane
=T/√L); To visualize the motion: roll without slip the body 
ellipsoid on the unchanged invariable plane, such that: the center 
of mass is unchanged, the curve traced out on the body ellipsoid by
the points of contact with the plane is polhod & the curve traced 
out on the plane by the points of contact with body ellipsoid is 
the Herpolhode. While polhod is closed curve,
herpolhode is an open curve meaning that 
rotation doesn’t perfectly repeat itself.
Example: Rotational motion visualization of 
orthogonal parallelepiped sizes=[0.05;0.3;1]; 
m=40; (Iiorthogonal_parallelepiped=IiEllipsoid*5/12); 
For various ω; in the green/blue cases the Polhode
finish to roll in the invariable plane in 1.147s;
& in 11s the Herpolhode finish to create the 
first almost closed circle in the invariable 
plane; The Herpolhode curve is almost a closed 
circle but it’s never exactly repeat itself.
The red case show rotation about an intermediate 
axis, which is unstable, meaning that the 
direction of motion can vary a lot.

ω=[0.1;
0.2;-6];



Polhode
cycle(s)

Herpolhode
~cycle(s)ωparallelepiped 

Mass=40; Sizes:

1.14711[0.1;0.2;6] [0.05;0.3;1]

0.545.8[0.1;0.2;12] [0.05;0.3;1]

0.2772.9[0.1;0.2;24] [0.05;0.3;1]

1.533.2[0.1;0.2;6] [0.05;0.6;1]

1.256.12[0.1;0.2;6] [0.3;0.3;1]

6.63.3[0.1;0.2;1] [0.3;0.3;0.05]

32=5.82real[1;0.1;0.2]Cylinder[0.3;0.3;0.05]

1.1=15.25real[0.1;0.2;6]Cylinder[0.1;0.1;1]

ω=[-0.1;
-0.2;-6]

s=[0.05;
0.3;1]

ω(0)=[0.1
;0.2;12] s=[0.3;

0.3;0.05]

s=[0.05;
0.3;1]

Torque free precession=Notation=Wobble=
When Axially Symmetric bodies(football/disks)
rotate about axis that is between the axis of 
symmetry &other axis; for football(s1=s2<s3):
r=(s3+ cycle time)/(s2+ cycle time)=5/3; 
Increasing s2+ cycle time increases 
s3+ cycle time by the same proportion; 

s=[0.1;
0.1;1]

s=[0.3;
0.3;0.05]

Herpolhode=curve traced out by ωw



Classical Electro-Magnetic Theory: μ of stationary e/e+{μFa,b&τa,bLw}can be simulate by q that move in circular path& 
using: Fe=q1q2ru/(ε04π|r|2); Fm=qv×Be; Bi=10-7qv×ru/|r|2;we can calculate the general equations:τ=μ×Be; {if e(mass=me)move in 
circle(ω=[0;0;w];Radius)L=meR×v;is in Be,its circular path feels τ=ʃdτ(θ=0 to 2Π)=½w|R|2[Be2;-Be1;0]=μ×Be;μ=Lq/(2me);ω=|ω|[sinθωcosφω; 
sinθωsinφω;cosθω];Perpendicular:R0=|R|[sin(θω+Π/ 2)cosφω;sin(θω+½Π)sinφω;cos(θω+½Π)];Rodrigez:R=R0cosθ+(ωu×R0)sinθ+ωu(ωu●R0)(1-cosθ)} 
Thus, for e(q<0)/e+(q>0)μ&L antiparallel/parallel; This τ tends to line up μ with Be, highest/lowest energy configuration 
is when μ is antiparallel/parallel to Be;{τ=μ×Be; |τ|=|μ||Be|sinα;α=angle between μ&Be; Wmax=ʃ|μ||Be|sinα(α=Π to 0)=2|μ||Be|} 
Bi=~10-7(3(μ●ru)ru-μ)/|r|3;{e orbit generate Bi=ʃdBi(θ=0 to 2Π)at r;If r>>R}|Bi|=~10-7|μ|(1+3cos2α)1/2/|r|3;{α=between r&μ} 
|Bi|max=2|Bi|min;τ exerted by μa on μb=τb=μ0/(4π|r|3)(3(μa●ru)μb×ru-μb×μa); τa=μ0/(4π|r|3)(3(μb●ru)μa×
ru-μa×μb); Force exerted by μa on μb=Fb=3μ0/(4π|r|4)(μb(μa●ru)+μa(μb●ru)+ru(μa●μb)-5ru(μa●ru)(μb●ru))=
∇(μb●Ba);{The circular path when r>>R feels F=ʃdF(θ=0 to 2Π);r=from a to b;μ0=4π10-7;Ba=Ba(r)=10-7(3(μa●
ru)ru-μa)/|r|3;∇ on variable r;& then Placement of r}Fa=-Fb; If Be is uniform&doesn’t depend on d Fa=
Fb=0;{W=ʃ∇(μa●Bb(r))dr=μa●Bb(r2)-μa●Bb(r1)} If 2 same μ e’s stand along μ:|Fe|=q1q2/(ε04π|r|2); 
|Fm|=|μa||μb|6μ0/(4π|r|4); |Fe|/|Fm|=|r|22/3(cme/(|S|gs))2=|r|28/3(cme/(ħgs))2=4.460352055599433*1024|r|2;
{Sz=±ħ/2;μz=Szgsq/(2me);ε0μ0c2=1;μ0=4π10-7}|Biμ|max=~2*10-7|μ|/|r|3 =10-7ħgsq/(2me|r|3); 
|Biv|max=10-7q|v|/|r|2; |Biv|max/|Biμ|max=|v||r|2me/ħgs=8627.9872780518003976252304522023|r||v|;

App2.m

App3.m



If y(x,t) describe the y component of tiny(dx0)piece of an almost horizontal rope(θ0)with mass density 
μ(dm=μ*dx) it must satisfy: ∂2y/∂t2=TR/μ*∂

2y/∂x2; 1D wave equation(1Dwe);{F=ma;Fy=μdx∂2y/∂t2; TR=Rope Tension; 
θ0; sin(θ)=θ; Fy=-TRsin(θ)+TRsin(θ+dθ)=-TRθ+TR(θ+dθ)=TRdθ; tan(θ)=∂y/∂x; ∂2y/∂x2=dtan(θ)/dx=θ’/cos(θ)2=dθ/dx;θ0;
cos(θ)2=1; dx*∂2y/∂x2=dθ; Fy=μ*dx∂2y/∂t2=TRdθ=TRdx*∂2y/∂x2}If w2=TR/μ*k2; Any f(k*x+w*t+ph) satisfy 1Dwe=∂2y/∂t2= 
|v|2∂2y/∂x2;{TR=ma[kg*m/s2];μ=[kg/m];(TR/μ)1/2=|v|[m/s];v=-w/k}wavelength=λ &period T defined such that f(x,t)= 
f(x+λ,t)=f(x,t+T); frequency=ν=v/λ; Amplitude=A; Phase=φ;{f(x,t)=Ae(i(k*x+w*t+φ)); f shape travel along x with v; 
λ=2π/k; T=2π/w}∆f=∂2f/∂x2+∂2f/∂y2+∂2f/∂z2;Any f=f(k●r-w*t+φ){f shape travel along k}|v|2=c2=w2/|k|2; satisfy ∂2f/
∂t2=c2*∆f;3Dwe; If g,f satisfy 3Dwe(same c)f+g,f*g,af+bg also; superposition principle; Thus, if a particle 
is a wave, it can be analyzed as a linear combination of Ψ(r,t)=C*e(i*(K●r-ω*t)); waves with the same |v|; 
where C=A*e(iφ); K=2πv/(λ|v|); ω=|v||K|;|p|=h/λ; ħ=h/(2π);true also for electrons & also for any particle; by 
E=KE+PE=m*|v|2/2+U=|p|2/(2*m)+U;{p=mv; PE=U}by frequency=f=|v|/λ;E=hf; ΨE=-ħ2/(2m)*∆Ψ+UΨ=iħ∂Ψ/∂t;{∆Ψ=-Ψ|K|2=
=-Ψ(2π/λ)2=-Ψ(|p|/ħ)2; Ψ|p|2=-ħ2∆Ψ; |p|2=2m(E-U); Ψ2m(E-U)=-ħ2∆Ψ; ω=|v||K|=|v|2π/λ=f2π=2πE/h=E/ħ; ∂Ψ/∂t=-iωCe(i(K●r-
ωt))=-iωΨ=-iΨE/ħ; -ħ/(iΨ)∂Ψ/∂t=E}Schrodinger equation(s.e);If z=a+ib; z*=a-ib; |z|2=a2+b2=zz*; If Ψ is 
normalized such that ʃʃʃ|Ψ(r,t)|2*drx*dry*drz=ʃv|Ψ|2*dv=1; (each ʃ from -ꚙ to ꚙ) then: |Ψ(r1,t1)|2*dv can 
describe the probability that a particle that is measured at time t1 exists at position r1{if the particle
is measured at time t it must exist somewhere;|Ψ|2=probability density}; By s.e: Knowing Ψ(r,t0) determined Ψ at all
times. if Ψ1,Ψ2 are solutions, a*Ψ1+b*Ψ2 is a solution(a,b=complex);Ψ1,Ψ2 eqvivalent if Ψ1=a*Ψ2; Ho=-ħ2/(2m)∆+U; 
HoΨ=ΨE=iħ∂Ψ/∂t; K=p/ħ; Ψ=Ce(i(K●r-ωt))=Ce(i(K●r))e(-iωt)=Ce(i(K●r))e(-iEt/ħ)=Ψ(r)U(t)=Ce(i/ħ(p●r-Et)); ∇f=[∂f/∂x;∂f/∂y;∂f/∂z];
∇Ψ=i/ħ*Ψ*p; Momentum operator=Po=ħ/i∇=-iħ∇; PoΨ=pΨ; Position operator=ro;roΨ=rΨ; Angular momentum(r×p)operator=Lo

=-iħr×∇=-iħ[y∂/∂z–z∂/∂y;z∂/∂x–x∂/∂z;x∂/∂y–y∂/∂x];{a×b=[aybz–azby;azbx–axbz;axby–aybx]}LoΨ=LΨ;Kinetic energy(mv2/2=p2/(2m))operator 
=Ko=(-iħ*∇)2/(2m)=-ħ2∇2/(2m); KoΨ=KΨ; Potential energy(U=U(x,y,z))operator=Uo; UoΨ=UΨ; Commutator=[O1,O2]=O1O2f-O2O1f=0; [X,Px] 
=-Xiħ∂/∂xf+iħ∂/∂xXf=-Xiħf’+iħ(f+Xf’)=iħf; [Lx,Ly]=iħLz; [Lz,Lx]=iħLy;[Ly,Lz]=iħLx; 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,Lx&Ly,Lz&Lx,Ly&Lz at the same time; Heisenberg's uncertainty principle; functions are just infinite dimensional vectors
Dirac notation:Instead of Ψ(x) we write vector with x dimensions(for position x=ꚙ)with values Ψ(x) in each dimension=|Ψ>= 
∑Ψ(x)|x>=[Ψ(-ꚙ)..;Ψ(x-dx);Ψ(x);Ψ(x+dx);..Ψ(ꚙ)];|x>=basis vector{e.g:[1;0;0..],[0;1;0;..]..}while |a>=Ket Vector=[a1;a2;..]; 
<a|=Bra Vector=[a1*,a2*,..]=(|a>*)T; If |x>=basis vector then Ψ(x)=<x|Ψ>=0*Ψ(-ꚙ)+..+1*Ψ(x)+..+0*Ψ(ꚙ); <Ψ|Ψ>=Ψ*(-ꚙ)*Ψ(-ꚙ)+. 
..+Ψ*(ꚙ)*Ψ(ꚙ)=1; For any operator O: OΨ(x)=gΨ(x); Ȏ|Ψ>=g|Ψ>; g=eigenvalue{real;result};|Ψ>=eigenvector{state of system(2 or 
more)}; Ȏ=Hermitian{Observable; measurable}{Matrix M is Hermitian if M=(M*)T;Matrix M is Hermitian if its eigenvalues are real}The 
measured spin along axis(z)=½ħ,-½ħ;(eigenvalue)lets define their eigenvectors as |+Z>=[1;0],|-Z>=[0;1]&find their operator 
Ŝz=[A,B;C,D]; by Ŝz[1;0]=ħ/2[1;0]=[A;C]; Ŝz[0;1]=-ħ/2[0;1]=[B;D];thus Ŝz=½ħσz; σz=[1,0;0,-1]; Assuming spin operator is like L 
operator[Ŝz,Ŝx]=iħŜy;[Ŝy,Ŝz]=iħŜx;[Ŝx,Ŝy]=iħŜz;using this we find Ŝx=½ħσx; σx=[0,1;1,0]; Ŝy=½ħσy; σy=[0,-i;i,0];&their eigenvectors 
|+X>=[2-0.5;2-0.5],|-X>=[2-0.5;-2-0.5]; |+Y>=[2-0.5;i*2-0.5],|-Y>=[2-0.5;-i*2-0.5]; σ=[σx;σy;σz]; Ŝ=½ħσ; |Ŝ|=(Ŝx2+Ŝy2+Ŝz2)1/2=Iħ31/2/2; 
(I=Identity); Position operator has ꚙ eigenvectors & ꚙ eigenvalues; <Ψ|Ȏ|Ψ>=∑P(gi)gi=Average value{<-Y|Ŝy|-Y>=-½ħ}



Unit direction=u=[sinθcosφ;sinθsinφ;cosθ]; Ŝn=u●Ŝ=½ħ[cosθ,sinθ(cosφ-isinφ);sinθ
(cosφ+isinφ),-cosθ]; its eigenvalues +½ħ,-½ħ& eigenvectors |+n>=[e(-iφ/2)cos(θ/2); 
e(iφ/2)sin(θ/2)],|-n>=[-e(-iφ/2)sin(θ/2);e(iφ/2)cos(θ/2)];{or |+m>=[cos(θ/2);e(iφ)sin(θ/ 
2)],|-m>=[-e(-iφ)sin(θ/2);cos(θ/2)];are spin up,down point along θ,φ}{by [V,D]=eig(Sn) 
& normalize by u=[V(1,2);V(2,2)];nu=u/norm(u)..}{if there is spin½ particle in state 
|+n> probability of finding it in spin up state|+Z>is <+Z|+n><+Z|+n>*=cos2(θ/2)}If a 
particle prepared as |Ψ> to see how it will be measured in |+n> we can write it
with base change: |Ψ>=[e(-iβ/2)cos(α/2);e(iβ/2)sin(α/2)]=x[e(-iφ/2)cos(θ/2);e(iφ/2)sin(θ
/2)]+y[-e(-iφ/2)sin(θ/2);e(iφ/2)cos(θ/2)];& slove for x;x=<+n|Ψ>; The probability
that it’ll be measured in |+n> is x*x*;{If β=φ=0; x*x*=<+n|Ψ><+n|Ψ>*=cos((θ-α)/2))2;<+Y|+X><+Y|+X>*=½}
If a particle prepared as |Ψ>& than as |+n> its state is g=(<+n|Ψ>)|+n>&the probability that it’ll 
be measured in |+m>is <+m|g*(<+m|g)*; If a particle prepared as |Ψ>&than we use stern Gerlach machine in direction n(SGn)& 
we take both |+n> & |-n> to SGm the probability that it’ll be measured in |+m> is <+m|Ψ><+m|Ψ>*(mixed state is like we didn’t 
use SGn);The spin rotation operator for α rad rotation about unit vector u=[cos(α/2)-iu3sin(α/2),-sin(α/2)(u2+iu1);-sin(α/2)(I 
u1-u2),cos(α/2)+iu3sin(α/2)]=exp(-iα/2σ●u);{ex=x0+x1+½x2+..+xn/n!;(iαu●S/ħ)n=matrix multiplication;x0=I}In weak B:Ho=|Po|2/(2m)+U+μB(Lo/ 
ħ+σgs/2)●B;{Po=-iħ∇;|Po|2=-ħ2∆;μB=|q|ħ/(2me);[J/T] γ=gsq/(2me);μB=|q|ħ/(2mec);[erg/G(CGS)]}Focusing on spin contribution alone:Ho=-μ●B 
=-γŜ●B=-γ½ħσ●B=-½γħ(σ1B1+σ2B2+σ3B3)=½ħ[ω3,-iω2+ω1;ω1+iω2,-ω3];ω1=-B1γ;ω2=-B2γ;ω3=-B3γ;its eigenvalues:Ep=½ħ(ω12+ω22+ω32)1/2;Em=-Ep;
represent electron spin up,down energy;{if α=between μ&B;E=ʃ|μ||B|sinα=-|μ||B|cosα=-μ●B;Electron spin up/down is in same/opposite 
direction to B;for electron S&μ opposite,thus electron spin up has μ opposite to B&positive energy(E=--|μ||B|)}U(t)=Time evolution
operator=exp(-iHt/ħ)=e(iγS●Bt/ħ)=Rotation operator(with α=-γ|B|t; u=B/|B|);For 2π rotation about any axis |+n>-|+n>; For|+n>|+n> 
we need 4π rotation{spin 1&2 particle requires 2π&π;No experiment has yet been verify the 2π rotation predictions}
■ For B=[B1;0;B3]; H=½ħ[ω3,ω1;ω1,-ω3];sinα=B1/|B|=B1/(B12+B32)1/2=ω1/(ω12+ω32)1/2;cosα=ω3/(ω12+ω32)1/2; H=½ħ(ω12+ω32)1/2[cosα,sinα;sinα
,-cosα];Eigenstate:|+λ>=cos(α/2)|+Z>+sin(α/2)|-Z>;&Ep=½ħ(ω12+ω32)1/2; |-λ>=sin(α/2)|+Z>-cos(α/2)|-Z>;&Em=-Ep; Rearrange|+Z>= 
cos(α/2)|+λ>+sin(α/2)|-λ>; |-Z>=sin(α/2)|+λ>-cos(α/2)|-λ>; |Ψ(0)>=|+Z>; Time evolves:|Ψ(t)>=exp(-iEpt/ħ)cos(α/2)|+λ>+exp(-
iEmt/ħ)sin(α/2)|-λ>; Spin flip probability=p=probability to get|-Z>from time evolve |+Z>=<-Z|Ψ(t)><-Z|
|Ψ(t)>*=sin2(α)sin2((Ep-Em)t/(2ħ))=ω12/(ω12+ω32)sin2(t(ω12+ω32)1/2/2);{with same basis vector;If 
B1=0;ω1=0;p=0; If B3=0;ω3=0;p=sin2(tω1/2);If t=2πħ/(Ep-Em);p=0; If t=πħ/(Ep-Em);p=sin2(α)}
■ For B=[0;0;B3];H=½ħ[ω3,0;0,-ω3];eigenstate:|+λ>=|+Z>=[1;0];& Ep=½ħω3;|-λ>=|-Z>=[0;1];
&Em=-½ħω3; If |Ψ(0)>=|+n>; Time evolves: |Ψ(t)>=[exp(-i(φ+ω3t)/2)cos(θ/2);exp(i(φ+ω3
t)/2)sin(θ/2)];{iħ∂Ψ/∂t=iħ[-iω3½Ψ1;iω3½Ψ2]=HoΨ=EΨ;if Ψ=eigenvector of Ho than E*E* doesn’t
change with time(&Ψ=stationary state)}θ between the spin & B stays constant while φ 
increased by ω3t(spin precession frequency is independent of θ); corresponds to Bloch 
vector precessing around B with angular frequency(|angular velocity|)of ω3{Bloch 
vector=[sin(θ)cos(φ);sin(θ)sin(φ);cos(θ)]correspond to|n+>;If θθ+π;|+n>|-n>}



{<+Z||Ψ(t)><+Z||Ψ(t)>*=cos2(θ/2); <-Z||Ψ(t)><-Z||Ψ(t)>*=sin2(θ/2)}
■ If B1 rotating about B3: B=[B1cos(ωt);B1sin(ωt);B3]; ω1=-B1γ;
ω3=-B3γ;Ho=½ħ[ω3,ω1exp(-iωt);ω1exp(iωt),-ω3];Ψr=Ψ as viewed from 
the rotating frame; Ψ=[Ψ1;Ψ2]=[Ψr1exp(-iωt/2);Ψr2exp(iωt/2)]; 
{Rotation operator:u=[0;0;1];α=ωt}Ψr=[exp(iωt/2),0;0,exp(-iωt/2)]Ψ
=[Ψr1;Ψr2];{M-1} Rewrite iħ∂Ψ/∂t=HoΨ; iħ∂Ψ/∂t=iħ[∂Ψ1/∂t;∂Ψ2/∂t]= 
iħ[∂Ψr1/∂texp(-iωt/2)-iω/2exp(-iωt/2)Ψr1;∂Ψr2/∂texp(iωt/2)+iω/2exp( 
iωt/2)Ψr2]=HoΨ=½ħ[ω3Ψ1+ω1exp(-iωt)Ψ2;ω1exp(iωt)Ψ1-ω3Ψ2]=½ħ[ω3Ψr1exp(-i
ωt/2)+ω1exp(-iωt/2)Ψr2;ω1exp(iωt/2)Ψr1-ω3Ψr2exp(iωt/2)]; split 
equations & Rearrange iħ∂Ψr1/∂t=-½ħΨr1(ω-ω3)+½ħω1Ψr2; iħ∂Ψr2/∂t= 
½ħω1Ψr1+½ħΨr2(ω-ω3);combine with Δω=ω-ω3; iħ∂Ψr/∂t=½ħ[-Δω,ω1;ω1, 
Δω]Ψr=HroΨr; Hro is time independent; Spin flip probability=p= 
|<-Z|Ψ>|2=|Ψ2|2=|Ψr2exp(iωt/2)|2=|Ψr2|2=|<-Z|Ψr>|2; & this was 
calculated 2 sections ago with H=½ħ[ω3,ω1;ω1,-ω3]; now we have
Hro, so we need to replace former section’s ω3-Δω and we get 
p=ω12/(ω12+Δω2)sin2(t(ω12+Δω2)1/2/2);If ωω3;(Resonance condition)
Δω=0; p=sin2(tω1/2); ω3=2πf;so if we fire photon f=ω3/(2π); at 
right angle to B3 it will flip the electron at~ t=π/ω1; this 
photon has energy E=hf=2πħf=ħω3;{E=-μ●B=-γŜ●B; so Electron:spin
up E=-γ½ħB3=½ħω3;& spin down E=γ½ħB3=-½ħω3;ΔE=ħω3; |ωL|=|B|γ; Rabi 
method true for electron/atomic nuclei in liquids & solids;}

■ Dirac equation: E=(p2c2+m2c4)1/2; so E=(p2+m2)1/2; If α1=[0,0,0,
1;0,0,1,0;0,1,0,0;1,0,0,0]; α2=[0,0,0,-i;0,0,i,0;0,-i,0,0;i,0,0,0]; α3=[0,0,1,0;0,0,0,-1;1,0,0,0;0,-1,0,0]; β=[1,0,0,0;0,1 
,0,0;0,0,-1,0;0,0,0,-1]; & I=4*4 Identity matrix; (c(p1α1+p2α2+p3α3)+c2mβ)2=(c2(p12+p22+p32)+c4m2)I=E2I=(EI)2; √, Replace with 
Operators(Po=-iħ∇; ∂/∂X=∂X) & use Ψ=[Ψ1;Ψ2;Ψ3;Ψ4]; we get: (c(-iħ∂Xα1-iħ∂yα2-iħ∂zα3)+c2mβ)Ψ=HΨ=Iiħ∂tΨ=Dirac equation for free 
electron; expand & rearange: [c2mΨ1-ħc(∂y+i∂x)Ψ4-icħ∂zΨ3-iħ∂tΨ1;c2mΨ2-ħc(i∂x-∂y)Ψ3+icħ∂zΨ4-iħ∂tΨ2;-c2mΨ3-ħc(∂y+i∂x)Ψ2-icħ∂zΨ1-iħ∂t 
Ψ3;-c2mΨ4-ħc(i∂x-∂y)Ψ1+icħ∂zΨ2-iħ∂tΨ4]=0=Da; If γ0=β; γ1=[0,0,0,1;0,0,1,0;0,-1,0,0;-1,0,0,0]; γ2=[0,0,0,-i;0,0,i,0;0,i,0,0;-i, 
0,0,0]; γ3=[0,0,1,0;0,0,0,-1;-1,0,0,0;0,1,0,0]; γμ∂μ=γ0∂t/c+γ1∂x+γ2∂y+γ3∂z; iħγμ∂μΨ-mcΨ=0=Db;{Db1=Da1/(-c); Db2=Da2/(-c); Db3=Da3/c; 
Db4=Da4/c}Lz=-i(x∂/∂y–y∂/∂x); If Ŝz=½[1,0,0,0;0,-1,0,0;0,0,1,0;0,0,0,-1]; & Jz=Lz+Ŝz; than [H,Jz]=HJz-JzH=0; => Total angular 
momentum (J) is conserved{Observable is constant of motion(does not depend on time) if it commutes with H}so Ŝz correct & 
because for p=0: i∂tΨ=[mΨ1;mΨ2;-mΨ3;-mΨ4]; Negative energy represent antiparticle(positron);Thus Ψ=[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 hydrogen atom electron(mass=me; position vector=xe) & proton(mp;xp) orbit each other about a common center of 
mass; In hydrogen electron exerts on proton force=Fep=mp*ap; & proton exerts on electron force=Fpe=me*ae=-Fep= 
-mp*ap=me*ae; ap=-ae*me/mp; The relative position of the electron with respect to the proton=xrel=xe-xp; 
The relative acceleration of the electron with respect to the proton is arel=ae-ap=d2xe/dt2-d2xp/dt2=d2/dt2(xe-xp)= 
d2/dt2xrel=ae-ap=ae+ae*me/mp=ae*(1+me/mp)=ae*((mp+me)/mp)=ae*me*((mp+me)/(mp*me))=Fpe/μ; μ=me*mp/(me+mp); d2/dt2xrel=arel= 
Fpe/μ; r=|xrel|; For Hydrogen potential energy=-|Fpe|*r=-(k*qe*qp/r^2)*r=U=-k*e^2/r;{k=8.9875517923*10^9; qp=-qe=e=1.602176634 

*10^-19C; me=9.1093837015*10^-31kg; mp=1.67262192369*10^-27kg}
-ħ^2/(2m)*∆Ψ+U*Ψ=E*Ψ;{*r^2; Substitute Ψ(θ,Φ,r)=R(r)*P(θ)
*F(Φ)=R*P*F; dΨ/dr=dR(r)/dr*P(θ)*F(Φ); divide by R*P*F} 

*sin2θ

First 2 terms are function of r(=a(r)),So: a(r)+b(θ)+c(Φ,θ)=0; 
a(r)=-b(θ)-c(Φ,θ); if we vary only r, b(θ) and c(Φ,θ) can’t vary 
but the equation must hold so:a(r)=Constant1=-Cr; if we vary only 

d2F/dΦ2=F*CΦ =-F*m2; F(Φ)=A*e^(i*m*Φ); F(Φ)=F(Φ+2*π);{physical constaint}
A*e^(i*m*Φ)=A*e^(i*m*(Φ+2*π))=A*e^(i*m*Φ)*e^(i*m*2*π); 1=e^(i*m*2*π)=cos(m* 
2*π)+i*sin(m*2*π); m=0,±1,±2,±3...; Lets normalized F(Φ) by ʃ|F(Φ)|^2*dΦ= 
ʃ|A*(cos(m*Φ)+i*sin(m*Φ))|^2*dΦ=ʃA^2*(cos(m*Φ)^2+sin(m*Φ)^
2)*dΦ=ʃA^2*dΦ=[ΦA^2+C3]=2π*A^2=1; A=1/(2π)^(1/2); Cr=-l(l+1) 

CΦ=-m2; *P
Ylm(θ,Φ)=P*F;

Φ, left side can’t vary but 
equation must hold so left side=right side=Constant2=-CΦ=m2;

α=2l+1; L’(α+1-s); 
n_here=n-l-1>=0; n=integer>=l+1;

*ħ2R/(2μr); X(r)=rR(r); R(r)=X(r 
)*r-1; dR/dr=r-1*dX/dr-X*r-2; n2= 
-μe4k2/(2Eħ2); E=-μe4k2/(2n2ħ2);
s=2rμe2k/(nħ2); r=snħ2/(2μe2k);
*-ħ2n2/(2μe4k2); s/r=constant;  
d2X(r)/dr2=(s/r)2*d2X(s)/ds2;

App4.m



a0=ħ2/(kμe2);
k=1/(4πε0);
r=na0s/2;
s=2r/(na0);

n=1,2,3,...; l<=n-1; l=0,1, 
2,3,...,n-1; Cr=-l(l+1); 
-CΦ=m2; m=0,±1,±2,...,±l;

(n,l,m)

Hamiltonian operator produce 
specific values for E called energy 
eigenvalues; Ψ=Ψn,l,m; Ψi=Ψn1,l1,m1=eigen 
functions{specific n,l,m};H*Ψi=Ei*Ψi;

Defined n2=-μe4k2/(2Eħ2) 
& than discover that 
for solution: n>=l+1;

E=-μe4k2/(2n2ħ2)
syms T p r x s real %Full wave function
n=2; l=1; m=0; %n=integer>=l+1;
me=9.1093837015*10^-31; mp=1.67262192369*10^-27; e=1.602176634*10^-19; hb=(6.62607015*10^-34)/(2*pi); k=8.9875517923*10^9; %electron,proton mass[kg];p,e Charge[C];[J*s]

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(l)*2^l)*diff((x^2-
1)^l,x,l),x,abs(m));
L=diff((exp(s)*diff((exp(-
s)*s^(n+l)),s,(n+l))),s,(2*l+1));
WF=-(factorial(n-l-1)/(2*n* 
(factorial(n+l))^3)*(2/(n*a0))^3)^(1
/2)*(2*r/(n*a0))^l*exp(-r/(n*a0))* 
subs(L,s,(2*r/(n*a0)))*(-1)^m*((2*l+ 
1)*factorial(l-m)/(4*pi*factorial(l+ 
m)))^(1/2)*subs(P,x,cos(T))*exp(i*m*
p)
%{
NormalizationConst=int(int(int(WF*conj(WF)*r^2*sin(T),p,0,2*pi),T,0,pi),r,0,inf)
T1=2; p1=1; r1=a0; WFP=subs(subs(subs(WF,T,T1),p,p1),r,r1)
PAP=WFP*conj(WFP)
sc=100; PAV=PAP*r1^2*sin(T1)*r1/sc*pi/sc*2*pi/sc %=PAP*Volume element
E=-mu*e^4*k^2/(2*n^2*hb^2)
%}
ax=a0; re=3; dax=ax/re; %ax=axis length; re=resulotion;
for xx=-ax:dax:ax

for yy=-ax:dax:ax
for zz=-ax:dax:ax

rr=(xx^2+yy^2+zz^2)^(1/2); TT=atan((xx^2+yy^2)^(1/2)/zz); pp=atan(yy/xx);
WFP=subs(subs(subs(WF,T,TT),p,pp),r,rr);
PAP=WFP*conj(WFP);
PAV=PAP*dax^3;
scatter3(xx,yy,zz,30,PAV,'filled');%scatter3(X,Y,Z,S,C)=at location[x;y;z] displays circles size S with color C.
xlabel('X');ylabel('Y');zlabel('Z'); view(45,45); colorbar; pause(0.4); hold on; 

end
end

end
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n1=3; n2=6;
E=13.6*(1/n1^2-1/n2^2);
h=4.135667696*10^-15; 
c=299792458;%[eV*s][m/s]
wl=c*h/E%E=h*f;wl=c/f; 

E=-μe4k2/(2n2ħ2)

Schrodinger 
Hit(groups 
hit as 1)

App5.m

https://physics.
nist.gov/PhysRe
fData/Handboo
k/Tables/hydrog
entable2.htmMost probable location(state) for e in atom: For each atom e can be in: 

Energy level=shell=how far from nucleus=n=1,2,3…; For each n, e can be 
in orbital type=l=0,1,2,..,(n-1);{SubShel s,p,d,f}For each l,
e can be in specific orbital=ml=m=0,±1,±2,...,±l;For each ml,
e can have spin=ms=½ or -½; ms is added because of stern Gerlach 
experiment,but we can also get it if in Schrodinger we

replace KE=½mv^2;
with relativistic 
KE(Dirac equation); 
Dirac Ejn include 
fine structure(but 
exclude Lamb shift 
and hyperfine 
structure).



H=-ħ^2/(2me)∆+U; If B present: U=-k*e^2/r+e*Bz*Lz/(2 
me); H*Ψ=E*Ψ=(En+e*Bz*ħ*m/(2me))*Ψ; En=-μe4k2/(2n2ħ2); 
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=ħ=1; 
so E=(p^2+m^2)^(1/2); If Ax=[0,0,0,1;0,0,1,0;0,1,0,0 
;1,0,0,0]; Ay=[0,0,0,-i;0,0,i,0;0,-i,0,0;i,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(ħ=1; ∂/∂X=∂X): I*i*∂tΨ=-i*Ax*∂xΨ-i*Ay* 
∂yΨ-i*Az*∂zΨ+B*m*Ψ; Dirac equation for free electron; 
Ψ=[Ψ1;Ψ2;Ψ3;Ψ4]; i∂tΨ=[-i∂xΨ4-∂yΨ4-i∂zΨ3+mΨ1;-i∂xΨ3+∂yΨ3+ 
i∂zΨ4+mΨ2;-i∂xΨ2-∂yΨ2-i∂zΨ1-mΨ3;-i∂xΨ1+∂yΨ1+i∂zΨ2-mΨ4];
H=-i*Ax*∂x-i*Ay*∂y-i*Az*∂z+B*m; Lz=-i(x∂/∂y–y∂/∂x); 
If Ŝz=½[1,0,0,0;0,-1,0,0;0,0,1,0;0,0,0,-1]; & 
Jz=Lz+Ŝz; than [H,Jz]=HJz-JzH=0; => Total angular 
momentum(J) is conserved{Observable is constant of 
motion(does not depend on time) if it commutes with 
H} so Ŝz correct and because for p=0: i∂tΨ=[mΨ1;mΨ2;-
mΨ3;-mΨ4]; Negative energy represent antiparticle 
(positron); Thus Ψ=[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} 



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(ms) defined by Sz=ms*ħ; ms
Can take one of (2*s+1) value(ms=-s,(-s+1),... ,(s-1),s); for e s=½ 
so ms=½,-½; The spin of a charged particle is associated with a 
magnetic dipole moment with a g-factor differing from 1(This could 
only occur classically if the internal charge of the particle were 
distributed differently from 
its mass).

For electron orbital motion in H atom:
μ on any axis=μB*ml; U=μB*ml*B; ΔE=U2-U1=
μB*B*(ml2-ml1)=μB*B*(1-0)=μB*B; as we know 
ΔE=4.5*10^-5;B=ΔE/μB=0.39T=The magnetic 
field created by e’s orbital motion; 
For electron spin in H atom U=g*μB*ms*B; 
ΔE=U2-U1=g*μB*(ms2-ms1)*B=g*μB*(1/2-(-1/2) 
)*B=g*μB*0.39=4.5*10^-5;

If in hydrogen the e circle the proton 
with radius r,than from the e reference 
frame,the nucleus circle it with radius 
r; so the e feel B=μ0q*v/(4πr^2)=μ0q* 
v*me*r/(4π*me*r^3)=μ0q*L/(4π*me*r^3);
L=mevr; for e 2p: r=4*a0; l=1; 
L=ħ(l(l+1))^(1/2)=ħ*2^(1/2); 
B=μ0q*ħ*2^(1/2)/(4π*me*(4*a0)^3)=
0.28T;close to the correct 0.39T;

me=9.1093837015*10^-31; e=1.602176634*10^-19; 
a0=0.0529*10^-9; hb=(6.62607015*10^-34)/(2*
pi); mu0=1.25663706212*10^-6; 
r=4*a0; L=hb*2^0.5;
B=mu0*e*L/(me*4*pi*r^3) %=0.28T

See next 
page

H_Spectrum.m



h=6.62607015*10^-34; c=299792458; mu0=1.25663706212*10^-6;%J*T
me=9.1093837015*10^-31; mp=1.67262192369*10^-27; 
e=1.602176634*10^-19; gs=-2.00231930436256; gI=5.5856946893; 
hb=h/(2*pi); a=mu0*e^2*c/(2*h); a0=hb/(me*c*a); r=a0;
muB=e*hb/(2*me); muN=e*hb/(2*mp); mus=-gs*muB*1/2; muI=gI*muN*1/2;
v=c/137; Bl=mu0*e*v/(4*pi*r^2);
%l=0;Bl=-2*muB*mu0*l/(4*pi*r^3);%using this give wl=0.48m
Bs1=2*mu0*mus/(4*pi*r^3); Bs2=1/(pi*a0^3)*2*mu0*mus/3; 
E=-muI*(Bl+Bs1+Bs2); wl=c*h/E %=0.33m; E=h*f; wl=c/f;
wl_other_calc=12*h^5*mp/(c^5*e^8*gI*mu0^4*me^2) %=0.21094m;

Emitted photon 
precisely measured 
frequency=1420405751
.7667Hz; equivalent 
to vacuum wavelength 
of 21.1061140542cm.

To find max we take derivative 
with respect to r&set equal to 
0. So most probable radius=a0;

Hydrogen’s electron 
mean speed =c/137;

Include the internal field of the dipole 
(field at the center of the current loop) 
(to describe magnetic moment 
we make a loop smaller &
smaller, while keeping 
I*Area constant)

Hyperfine structure Hydrogen 21cm line

Probability to find e 
at position r,Φ,θ=ΨΨ* 

H_Spectrum.m



■ 3Dwe: ∂2Ψ/∂t2=c2∆Ψ;{∆=∂2/∂x2+∂2/∂y2+∂2/∂z2}satisfied by any Ψ=Ψ(k●r-ωt+φ);{Ψ shape travel along k with |v|=c=ω/|k|}or by Ψ=q(t) 
f(r);if f=-∆fc2/w2;&∂2q/∂t2=-w2q;{∂2Ψ/∂t2=f∂2q/∂t2=∆Ψc2=∆fc2q}q=Harmonic oscillator=describe spring length x(t)=describe ωr1(t)
& ωr2(t) of a freely rotating body(τ=0)with Ir1=Ir2,Ir3{∂ωr3(t)/∂t=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 Ψ(r,t)=exp(i(k●r-ωt+φ))=q(t)f(r)=exp(-iωt)exp(i(k●
r+φ));w=ω;waves with same |v|;k=2πv/(λ|v|);■for harmonic oscillator:x’’=-ω2x; x=x0cos(ωt-φ);F=mx’’;{F=-kx;
k=ω2m};PE=ʃFdx(from x to 0)=½mω2x2; p=mx’;KE=½mx’2=p2/(2m); E=KE+PE=½(mω2x2+p2/m)=½mω2x02; replace p,x with 
operators Po=-iħ∇;ro=r; ½(mω2x2-(ħ2/m)∂x2)Ψ=HΨ=EΨ; Find Ψ such that E=number & ʃ|Ψn(x)|2dx(from -ꚙ to ꚙ)=1;

If a+=(mω/(2ħ))1/2(x-iPo/(mω))=(mω/(2ħ))1/2(x-ħ∂x/(mω))=Creationo; a+|n>=(n+1)1/2|n+1>;
a=(mω/(2ħ))1/2(x+iPo/(mω))=(mω/(2ħ))1/2(x+ħ∂x/(mω))=Annihilationo; a|n>=n1/2|n-1>;a|0>=0;
N=a+a=Numbero; N|n>=n|n>; H=ħω(N+½);

Matlab: n=2; w=1; hb=1; m=1; syms x z real
Hnf=(-1)^n*exp(z^2)*diff(exp(-z^2),z,n); Hn=subs(Hnf,z,x*(m*w/hb)^(1/2));
p=vpa(simplify((2^n*factorial(n))^(-1/2)*(m*w/(pi*hb))^(1/4)*exp(-(m*w*x^2)/(2*hb))*Hn))
IN1=vpa(int(p*conj(p),x,-inf,inf))
E=((m*w^2*x^2*p-((hb^2)/m)*diff(p,x,2))/2)/p
xx=0:10/100:10; dx=0.1; Es=hb*w*(n+1/2)
yy=subs(p*conj(p)*dx,x,xx); plot(xx,yy)

apP=(m*w/(2*hb))^(1/2)*(x*p-hb*diff(p,x,1)/(m*w))
amP=(m*w/(2*hb))^(1/2)*(x*p+hb*diff(p,x,1)/(m*w))
N=((m*w/(2*hb))^(1/2)*(x*amP-hb*diff(amP,x,1)/(m*w)))/p

{∇●A=∂xAx+∂yAy+∂zAz; If ∇●A is 0/+/- it’s source free/source/ 
sink;∇×A=[∂yAz-∂zAy;∂zAx-∂xAz;∂xAy-∂yAx];direction =max rotation 
axis; length=amount of rotation;If u/A=scalar/vector field
∇2A=[∇2Ax;∇2Ay;∇2Az];∇2u=∆u; if ∇2 at point is 0/+/- the field 
equal/less/greater than the average of its neighboring values}

If k=ω;A of EM wave travel in z=A=exbcos(kz-ωt+θ);
{∂t2Ax=∇2Ax}If q=bcos(ωt-θ); A=ex[qcos(kz)-psin(kz)/ω]; 
{p=q’; cos(α-β)=cosαcosβ+sinαsinβ; g=pcos(kz)+ωqsin(kz); E=-exg;

B=-eyg; p’=q’’=-ω2q; E=-∂tA; B=∇×A}Replace q,p with xo,po:
Ao=ex(ħ/(2ω))1/2(aeikz+a+e-ikz);{m=1}H=Average(Avg)over
Space of ½|E|2+½|B|2=½(p2+ω2q2);{Avg(sinx)=0;Avg(sin2x)=½}



Replace q,p in the field energy density H with xo,po:H=½(po2+ω2xo2)=ħω(No+½); 
Ao=Operator(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.



Movie:Jan 17, 2022
https://www.youtube.com
/watch?v=FPF4nSuvrGA

Subtitles:



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 Gödel’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 range is 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 
quantum 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 I 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 I have also shown that any photon frequency can be obtained by this mechanism. furthermore, I 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.


