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Abstract
V Injection of bunches of charged particle

If the bunches of charged particles of same species (protons) are injected té anpjo 6 F 6 , wher e
(perpendicular to each other) are applied ,the charged patrticles (the protons) of the first bunch will undergo to a con
circular path and wil/| pass through t hi shusptleiconfinedipfetins

will be available for the protons of the later injected bunch (reachingatpn i) iFo be fused wi't

V Occurrence of fusion at point AFARA

As the proton of | ater injected prétonbftahe firdhinjectecabanche(thal
has already confined) passing through the point AFASA
V  Confinement of the produced useful charged nucleus:

At point AFA, the two protons fuse and form a corn
(and the positron) is produced. The produced deuteron, due to applied magnetic fields, undergo to a circular orbi
produced deuteron starts its circular motion from p
common tangena | magnetic field point AFO0 (or the point of
motion . Thus the produced druteron is confined and
injection) for the protonofi at er i njected bunch (that is reaching a

V  Exhausting the produced noin useful charged nuclei:
1 The produced positron annihilates with free electron and produce two gamma ray photons that in turn hed

tokamak.

1 Astheprotonof | ater injected bunch reaches at point f
the point AFA) Snutleubborm the helium

The produced helium3 nucl eus starts its circular moti on Hdr

reaches at point p2 (x2 , y2 , z2) located on the circumference of the circle to be followed by the helhuroleus. As the
helium -3 nucleus reaches at point p2 (x2, y2 )z enters into the mouth of the horse pipe that is located at the point
(x2 y2 z2) and thus the heliunB nucleus is extracted out of the tokamak with the help of vacuum pump attached td
another end of horse pipe. Thus we can establish a steady state controlled nuclear fusion reactor based oycle.

I. PRINCIPLE: HOW FUSION OCCURS homogeneous one, includes the other nearby located groups
of quarks with their surrounding gluons and rearrange to form
Verdict: Various charged particles fuse to form at he 6 A& | o bgeneons conipbuad nhcéetiseWhde

homogeneous compound nucleusThe homogeneous the remaining groups of quarks [the groups of quarks that are
compound nucleus is unstable. So, the central group of quarkso t involved in the formatio
[that which with gluons and other groups of quarks composstable nucleus includes their surrounding gluons (or mass)
the homogeneous compound nucleus] with its surroundinfput of the available mass (or gluons) tignot involved in
gluons tobecome a stdb and the just lower nucleugs[ t he f or mati on of the | obe O6A
nucletws having lesser number of groups of quarks and lesséwbe of the heterogeneous compound nucleus. The remaining
mass (or gluonsthan the homogeneous nucledkan the gluons [the gluons (or the mass) that are not involved in the
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formation of any lobe] keeps both the lobes joined thenapplied magnetic fields, undergo to a circular orbit. The
together. Thus, due to formation of two lobes withinintothgpr oduced deuteron starts its
homogeneous compound nucleus, the homogeneolihe point of production of deuteron] and pass through this
compound nucleus transforms into the heterogeneouso mmon tangent i al magnetic fi
compound nucleus. production of nucleus by time and again during its circular

The heterogeneous compound nucleus, due to itotion . Thus the produced deuteron is confined and so the
instability, splits according tothe lines parallel to the pr oduced deuteron will be av
direction of the velocity of the compound nucleus ( ) intoinjection) for the proton of later injected bunch (that is
three lobes. Where the each separated lobe representr&@ achi ng at point 6F6) to be
separated particle. So, the two particles that represent the
|l obes 6AO6 and O6B6 ar e shata bD. €EXHAUSTING THE hPRODUGED r NDNi pUSERUL c | e
represent the remaining gluons (or the reduced mass) is CHARGED NUCLEI
unstable. According to law of inertia each particle that has
separated from the compound nucleus has an inherited The produced positron annihilates with free electrons and
velocity () equal to the velocity of the compound nucleus ( )produce two gamma ray photons that in turn heat the

Principle: Howto confine the desired charged particles tokamak.

Verdict: Various charged particles with different The produced heliun8 nucleus starts its circular motion
momentum by charge ratio whfemomnp @icn @ thé folat p&D, p®z) @nd redcked wl
two uniform magnetic fields perpendicular to each other arat point p (X, , ¥» , ) located on the circumference of the
applied the charged particles follow the fined circular circle to be followed by the heliw® nucleus . As the helivm
paths of different radii passing though the common tangentia nucleus reaches at poirg (> , ¥» , %) , it enters into the
magnetic field point OFO& ( omouthdfthe horse papthat is Ibcatedraf the pdini@e ny), by

again. Z,) and thus the heliuf8 nucleus is extracted out of the
Where, tokamak with the help of vacuum pumps .
r u Thus we can establish a steady state controlled nuclear

Where, the radius of the circular orbit followed by thefusion reactor based onHi cycle.
confined charged particle is directly proportional to the
momentum by charge ratio.
Or . II. 1ON SOURCE
r=
Where,
V  Ex = Kinetic energy of the confined particle.
V F = The resultant force (net force) gt on the charged
particle due to the magnetic fields.

By how we can apply the principle:

A. INJECTION OF BUNCHES OF CHARGED
PARTICLE

if the bunches of charged particles of same species
(Protons) are injected to a : /0 magd
fields ae applied, the charged particles (the Protons) of the :
first bunch will undergo to a confined circular path and will :

pass thrOUgh t his pOint 6 F @& Ul .Ul 11 oLl U Ll ti
again and thus the confined protons will be available for th%%gﬂgglon solirce is"al duoplastairdnthat produce Qh% 3 X
b e

L . rotons per second. The produced bunches of protons
protons of latefinjectedb unch (r eac hi)n gt oa th e ﬁ]to l’iVF\%Ii ero'éOT%‘[j)e RE linac.

fused with at point O6FO. Figure 1

B. OCCURRENCE OF FUSI ON AT POI NT OFDO

As the proton of later injected"munch reaches at point lll. PARTICLE ACCELERATOR

O0FO&, it fuses with the pro tA_o @IINIR/IJJI\@ }é'\cl)k_ﬁc éI\IiEIIQGSYt(Em)iREéLﬁRgEb EC?R bui

has already confined)pas g t hrough the po I:LES}ON

C. CONFINEMENT OF THE PRODUCED USEFUL v T ling it i . f th
CHARGED NUCLEUS unneling 7T tunneling is a consequence o e

Heisenberg uncertainty principle which states that we

At point 6F6, the two prot ooy yelocly ofhepariclg ihe lesswe kngy dogul

: its position’in the space and vice versa
nucleus. The compound nucleus splits and the deuteron (and The uncertainty in the position is such that
the positron) is produced. The produced deuteron, due to y P
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when a proton collides with anothgroton , it may find

Vo = Vmax = 40 KV

itself on the other side of the coulomb barrier and in the T, =s i nx0.64

attractive potential well of the strong force .

V  Work done to overcome the coulomb barriers
U = kziz,g* / 1o

K,=4x 1.6 x 10°x 40x 0.64  KJ
Ky = 102.4 Kev =0.1024 Mev eq.(4)

So, the kinetic energy of the particle should be equal to V Length of the wideroé type RF linac

Em=% mV*=kz;z,0°/ 1o

Rewriting the kinetic energy of the particle in terms of A. LENGTH OF THE FIRST DRIFT TUBE

momentum
Y mv@=p?/2m =( h Fl®n

Li=n% x/

If we require that the nuclei must be closer than the de fre

broglie wavelength for tunneling to take over nuclei usef.
(= &)
kZ]_quZ/ o= kZ]_quZ/ o
where,
v mvZ=( h Fl@n=kzzq/ o
So, W 28m=kazg’/ o
Or | ambdt#/ kagzam = |

Wherefs =7x10 H, , n=1
Li= X /-27 m

Li= X /

L1:X

Ll:

L,= 1.5807 X10* m

L,= 0.1580 m eq.(5)

If we use this wavelength as the distance of closest L,= x L

approach, the kinetic energy reéad for fusion isi
Em=% mV?=kzzg’ [ 1= kazg®! o 1z# xk
2kziz,g°m [
En= 2Kz °z°q'm/If
eq(1)

Where m $§ the mass of the penetrating (injected) Ly

nucleus

B. MINIMUM KINETIC ENERGY REQUIRED FOR
PROTONi PROTON FUSION

En = 2K*Z°Zg'm from eq.(1)
h2
Z1=2,=1
=m,=1.6726 x 16" kg
Epp =2 X (9X10)* X 1 X 1% X (1.6 X 10™)* X 1.6726 X 10°’
J

(6.62 X 10%%)?

Epp = 1775.77132 X 1§ X 107°X 10%"  J
43.8244 X 10°

Epp = 40.52015133 X 16" J (lev=1.6 x13° J)
Epp = 25.3250X 10 ev
Epp = 2.5kev eq.(2)

Ep.p = 0.0025Mev (lev=1.6x13° J)

C. MINIMUM KINETIC ENERGY REQUIRED FOR
PROTONi DEUTERON FU3ON

Epp=Epp X Zz2
ZZ =1
V  Epp =2.5X Fkev

Epp =2.5 kev eq.(3)
Epp =0.0025 mev

D. FOR A WIDEROEI TYPE RF LINAC
Kn=nqgwTy

If parameters are
n=4q =1.6x10%

L, = 1.4142 x 0.1580 m

z L, = 0.2234 m eq.(6)
L = x Ly
= 1.732 x @580
=0.2736 m eq.(7)
= XLl
= 2x0.1580 m
=0.316 m eq.(8)

L= Ll + L2+ L3+L4

L = 0.158+0.2234+0.2736+0.3086 From eq.(5,6,7,8)

L=0971 m

CONCLUSION:A wideroei type RF linac accelerates
the each probn with 102.4 kev enrgy

NOTE: A wideroe- type RF linacis attached to the ion
source $ee fig. (1)]

IV. THE TOKAMAK

V The takamak has two partsone is the main tokamak
and the another is the extded tokamak

V ThepointsA,B,C,D,P,Q,R, and $nesents the
corners of the walls of the main tokamak while all the
other remaining points represents the cornerbefaalls
of the extended tokmak

V  The tokmak is made up of steel

V  The graphite of the boron is used as the inner liner of the
tokamakto atsorb the thermal neutrorsee fig . (2
The main tokarpak with its extPension

— = e &

.//]

S
S &
W
>

Extended walls of the tokamak The Main tokamak
Figure 2
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V The points A, B, C, D, P, Q, R and S make the main Figure 3
tokamak while all the other points make the arm @f th Here MF =0.80m and LE 0.80m
main tokamak (or the extension of the tokamak). AM = 0.80m and MD =0.80 m
VvV Where, PL =0.80mand LS =0.80m
AB = BC=CD=DA=AP=PQ=QB=QR=RS=SP AP = AB = AD = =1.6 m
=SD=RC=16m Magnetic field coils
And also VBM fusion reactor has two pairs of semiciraula
The length of each extended wall = 1.6 m magnetic field coils. out of themone pair of semicircular
The breadth of the extended wall = 1.6 m magnetic field coils is vertically erected while another pair of
Total surface area of the tokamak semicircular magnetic field coils is horizontally lying.
1 Vertically erected magnetic field coils:
A. SURFACE AREA OF THE WALLS OF THE MAIN In a VBM fusion reactor, thie are two vertically erected
TOKAMAK semicircular magnetic field coils that act as a helmholtz coil.
The distance between the two vertically erected
SURFACE AREA OF THE WALLS semicircular coils is equal to the radius of any one of the
semicircular magnetic field coil.
V  ABCD = length x breadth = 1.6m x 1.6m = 2.56* m ie.d=r=25m
V. PQRS = 1.6mx1.6m =256°m The vertically erected semicircular magnetic field coils
V APQB = 16mx1.6m =2567°m acting as a helmholtz coil pdace a uniform magnetic field (
V DSRC = 16mx1.6m =256%m parallel to yi axis. [see fig . (4)
V. BQRC = 16mx1.6m =256 Mm

Sq, the total surface aaeof the main tokamak = 12.86 B, HORIZONTALLY LYING MAGNETIC FIELD COILS
eq.(9)

The points APSD do not represent a wall. It is a blank
place that allows the injected protons to enter into the maigem
tokamak. (or the region where the magnéétds are applied.

In a VBM fusion reactqrthere are tw horizontally lying
icircular magnetic field cethat acts as a helmholtz coil
The distance between the two horizontally lying
semicircular magnetic field coils is equal to the radius of any
one of the smicircular magnetic field cail

ie.d=r=22m
The horizontally lying semicircular magnetic field coils
ng as a helmholtz coil produce a uniform magnetic field (

SURFACE AREA OF THE EXTENDED WALLS OF
THE TOKAMAK

V The surface area of the each extended Wal(l;lcti
=1.6mx 1.6m =2.56

_ ) parallel to 7 axis . [see fig . (5)
Vv~ Total no of extended walls = 5 Magnetic field due to a semicircular coil at poinsX i
V Total surface area of the extended walls = . 2, 2 2\ 312
= surf f the extended watbta no of extended Bi=H,/ 4 ni MR+ ) R
- SIlIJr ace area of the extende no of €yende Magnetic fields due ta semicircular coil at the, Xf x =
V-VZ 26 mMx5 RI2
by X Bi=po/ 4~ NiKRR+RIR? [x=R/2]
=12.80nf eq.(10) =8/5 x nil 4R eq (11)
Total surface area of the tokamak = face area of the

So, the magnetic field in the mid pland the two

main tokamak surface area of the extended walls semicircular coils acting as a helmholtz coil is

=12.80 M +12.80m?

from eqn.%(g,and 10) respectively Br iZBé * BZ[Bl= B, = B
=25.6 - _
Thelocaibn of t he p o idfort theawénteiohj ect 1 %16435)(() niié/ né'“/Q 4R from eq. (11)
fusidgn &6 FO - ~ .
. o o ; . =143, ¢+ [Beenter = Ho Ni/ 4R] €q.(12)
port of injectiontinsouai Wh’l\'}laﬂr{%tic t(ﬁifﬂaﬁ(Bz) in the mid plane of the two

injected charged particles enters into the main tokamak Whicll?oriz
in turn is covered up by the two magnetic fields perpendiculaé
to each other

ontally lying semicircular coils acting as a helmholtz
oil is

B, = 143 B from eq.(12)
Centre
B = Yo ni
Centre 4
Where, iy = 4° % 10

n = 490 turns
i =10KA =104 Amperes
R= 22m
V. Beenre = 4 x 3.14 x 10 x490 x 10 Tesla
4 x 2.2
V  Beentre= 0.69936 Tesla
\ BZ = 143 aentre
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V By= 143 X 0.69936Tesla The vertically erected magnetic field coils are exterior to
= 1Tesla eq.(13) the horizontally lying semicircular magnetic field coils which
see fig. (4) are in turn exterior to the main tokamak.
The horizontally lying semicircular magnetic field coils The directions of magnetic fields
acting as a helmholtz coil. V  The direction of flow of current in the horizontally lying

semicircular coils is clockwise so that the direction of the
produced magnetic field is according to negativeaxis

(i. e. downward)

As B, =1Tesla frmeq.(13)

So =-1 Tesla eq.(15)

R 3

see fig (6)
V  The direction of flow of current in the vertically erected
pu magnetic coils is anticlockwise so that the direction of
g o the produced magnetic field is according to positivie y
axis.
As By = 1 Tesla from &g.(14)
1 So = 1 Tesla eq.(16)
. o see fig.(6)
The direction of flow of cuent in the magnetic field
Horizontally lying semicircular coil coils.
Figure 4 W%
V  The magnetic field coils are exterior to the main tokamak g /“ ] ) ,
so, the area covered up by points 1,2,3,4,5,6,7 and 8 4\‘ = 7!
is greater than the area covered up by the points A, B, C, z\ 4
D, P, Q, R and S of the main tokamak. ! LY /
Magnetic field (B) in the mid plane of the two vertically ‘ / \
erected semicircular coils acting asedrhholtz coil isi o 4 }
By, =1.43Bcente from eq.(12) p B S v
Beentre = Iio_n_| Y/
4 R i 1 R t/ /{3
Where At 0
n =557 turns ‘ 20 B
i =10 KA=10" Amperes =
R =25m ]
Beenve = 4x3.14x10x 557 x 10 Tesla A o
4x2.5 s Y ; |
Beenre = 699.502 x0° tesla P
= 0.699592Tesla s/
By = 1.43 Bentre = .
= 1.43 x 0.699592Tesla _ Figure 6 _
B, = 1 Tesla eq.(14) In .the hon;ontally Iymg coils _the current flows in
see fig.(5) clockwise direction while in the vertically erected coils the

current (i)flows in anticlockwise direction.

Magnetic fields within into the main tokamak:

We have denoted the presence of magnetic fields by the
cross [x] sign.

The vertically erected semicircular magnefield coils
that act as a helmhotz coil

\ ‘ = =

vertically erected semicircular coil
Figure 5 Figure 7
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V  The uniform magnetic fields [and] are applied within intoVV  Natureof center of fusion (F
the main tokamak only. As the magnetic field is tangentia nature so the point

V Withinintot he d6extension of t héeF 6t olktahma k ord thit esr lecatef] hwighini rsto the
any magnetic field is applied. so, that until the injectedmagnetic fields is a tangential point @ number of circular
proton reaches at point O6orbis followel or tobeafiowat bywhe tharged paiticies) of t |
APSD 6 area of the main tdfferentmadk ] the injected proton

not influenced by the magnetic linesfofce. see fig (10)
The direction of the applied magnetic fields [and] in theV  The circular orbits followed by the confined particies
main tokamak. ' The cafined proton and the confined deuteron passes
e throughthetagent i al magnetic field
A
e
Figure 8
V  Where
= 1 Tesla eg.(16) Figure 9
= -1 Tesla from eq.(15) 1 The outer circular path denotes the circular orbit
Where, andare perpendicular to each other followed by the confined deuteron

1 The inner circular path represents the circular orbit
followed by theconfined proton

V. CENTER OFFUSION 1 Both the circular orbits lies in the pla made up of
positive X1 axis negative yaxis and the negative z
Center of fusion is actually a point where two charged T axis
particles fuse. V Center of fusion (Fis a platform whee the fusion is a
V  For the VBM fusion reactof The center of fusion is a certainty:

point from where a charged particle (either itis injected For m t h e Tieaeéntert of fési dhe poton (s)
or produced) undergoes to a confined circular path andf earlier bunch will undergo to confined circular path and

passesfrom this point by time and again and thuswj | | pass throudply thimeg p@poidnta
available for another injected particle (reaching at thiguses with thevroton of later injected bunch
point O6F6) for fusion. Similarly, the e nt er of fusiJoalso [t h

V. The location of center of fusion [or the point of governs the producedhargel particle (the deuterdnto
injection]: The center of fusion is a point located within undergo to a confined circular otbénd pass through this
into the APSD area ohe main tokamak where the two p o i n6t béyF ti me and again and
magnetic fields perpendicular to each other are appliedeuteron to be fused with tipeoton of later injected bunch
and where the charged particle is injected to. Thus the center of U si on [ t j availpusiant
Within into the tokamak, the center of fusion is the firstplatformwhere the fusion is a certainty

point from where the injected charged particle experiences Qr, within into the tokamak, the center of fusion [the

magretic lines of force and starts its circular motion. Thusthgy 0 i n} is ther dnly and only point kere the fusion

center of fusion and the point of injection of charged particleeactions occur

arethesamét he point O6FO see fig.(9,10)
see fig.(3) V  Center of fusion irthe view of magnetic fields

V. Number of centers of f usi onBy thk Ri@v opMageld fieldsahe @enter of fusion is a
[ From where a pr oobtonjisactng r poft wheré shet®o tinfokhl @dgnefié fields [afdare

as a center of fusion. o perpendicularBut within into the regionaveredi up by the
so, the total number of centers of fusion is equal to thenain tokamak at each and every point the ratio of two
number of protons that contains the bunch. perpendicular magnetic fields [ahi constantsqg the each
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and every point within into the region coveredup by the A. INJECTION OF THE PROTON
main tokamak can act as a center of fusion .

VI. CENTER OF PLASMA

The center oplasma €,] is the center of the circular
orbit followed by the charged particle

Thus the center of lpsma ] differs particle by
particle R :

Buttheceh er of f us i]eacommdneoinp oi 1 20°
that is located on the circumferences of all the circular orbits
of different radii fdlowed by the charged particles

see fig (10)

Center of fusion andhe center of plasma

The center off usi on [ t his a ganmont ¢
tangential magnetic field point of a number of circular orbits
followed by the confined particles

While the center of plasma is the center of the circular
orbit followed by the particle

N

Figure 11
V Theinje¢t ed proton r&aches at p
V  The velocity of the proton make ang@é’ with x i axis,
60° angle with yaxis and the 90angle with Zi axis

B. VELOCITY OF THE PROTON

V  Each proton is injected into the tokamak with the kinetic
energy equal to 0.1024 Mev. so, the velocity of the
: e 1 proton
H 4 | Thes VvV = [Z_EMp]llz
E = 0.1024x1.6x16° J from eq.(4)
i m, = 1.6726x1067 Kg

e = | 2x0.1024x1.6x18° J | ?
1.6726x10" kg

Figure 10
Where )
Cy = Center of the circalr orbit followed by the proton =|0.32768x1¢*|* m/s
Cq = Center of the circularorbit followed by the 1.6726
deuteron H v
8 . . . =[0.19591055841 x4 * mi/s
s ﬁglseascemer of the circular orbit followed by the helium  _ 0.4426 x 18 m/s eq.(17)

F= A tangential point of a number of circularbits
followed by the confined particles or to be follesvby the
undesired particles (hie3 ash)

VBM plasma RF linac injects the bunches of the

protons into the tokamak at point Buch that each proton As each s ; .

) D : proton is injected into the tokamak making angle
makes angle gQN't.h the xi axis 60(.) angle wih the yaxis — g0p yyish 7 axis ,60° angle with yaxis and 90angle with z
and the 9Bangle with the maxis RF linac injects azh proton i axis

with 102.4 kev energy S

Confinement of protons of'bunch: 1Q -Vcos U

As the proton (s) of first bunch reaches at point F into the V= 6 4426 x 10 m/s from eq.(17)
tokamalk it experiences a centripetal force due to méigne Co S' U °—0866cC 0 S 3 0
fields and hence it follows a confined circular orbit passinq/ 0.4426 X18X 0 866 m/s
through the point of injection by time and again. — 0.?;832 ¥ 10 ' m/s eq.(18)

see fig (11,12) 2 = V cosbh
cos b °=05cos 60

C. COMPONENTS OF THE VELOCITY OF THE
PROTON WITH WHICH IT ENTERS INTO THE
TOKAMAK AND REACHES AT POINT
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V = 0.4426 X16X ', m/s = -0.61312 x 16°N eq.(26)
= 0.2213 x 16nv's eq.(19) 3F=qVB,sin d
3= Vcosy = 0.2213 x10 from eq.(19)
cosy = cosd0=0 = -1 Tesla
V = V x 0 m/s sinesthol= 1
=0 mis eq.(20) V Fx=1.6x10°%x0.2213x16x1x 1 N
=0.35408 x 13°N
D. MOMENTUM OF THE PROTON WITH WHICH THE Form the right hand palm ryl¢he direction of the force
PROTON IS INJECTED INTO THE TOKAMAK AND s according to positive x axis, S0
REACHES AT POINT F = 0.35408 x 13> N eq.(27)
see fig.(12)
V P=mv Forces acting on the pafiéd protan (when the proton is
v = 0.4426x 10’ m/s from eq.(17) at point O6F6
m = 1.6726 x 18" kg
P= 16726 x 18’ x 0.4426 x 16 kg m/s % o)
P = 0.7402 x 1&° kg m/s eq.(21) )
E. COMPONENT OF THE MOMENTUM OF THE A | /‘/
INJECTED PROTON WITH WHICH THE PROTON ; /
REACHES AT POINT F e [/
As each prain is injected into the tokamak making angle ; *\\ i
3¢° Ll oy oo
With x-axis, 60° angle with yaxis and 90angle with z ' i g
axis / 4
So,
1. = PcosU &
p= 0.7402 x 18°kg m/s from eq.(21) :
Cos U ==/2o%866 30
V  =0.7402 X1G°X 0.866 kgm/s 4
= 0.6410 x 16° kgm/s eq.(22) Figure 12
2. = P cos b V where the point 6 F 6 is t
cos b = 05cos 60 intersect each other
V= 0.7402 X1G°X '/, kgm/s 4. Resultant force (Jacting on the protan
= 0.3701 x 13°kgm/s eq (23) F;qz S F2 + F2+F?
3. = Pcosy F,= F=F-061312x10? from eq.(25,26)
cosy = cos 90 = 0 F.= 0.35408 x 18° N  from eq.(27)
V = Px0 kgm/s V F? = 2P +F2
=0 kgm/s eq.(24) V. F = 2(0.61312 x 18?) + (0.35408 x 10?) 2 N

, Fr?= 2 x0.3759161344 x18+0.1253726464 x16f N?
F. FORCES ACTING ON THE PARTICLE PROTON = 07518322688 0.125372646 N

(WHEN THE PROTON IS AT PO Nd2_¢Fb51d392688 x 18+ 0.1253726464 x18 N?
V  Fg2=0.8772049152 x 1t N2

1. F=qVWB,sin d MG RN g
=0.3832 x 10m/s from eq.(18) sge fig (‘12) X €q.(28)
= -1Tesla from eq.(15) '

. sla

sind T - 3in 90 G. RADIUS OF THE CIRCULAR ORBIT FOLLOWED

q=16x10c
V Fy= 1.6x10° x0.3832x10x1x1
=0.61312 x 13°N

BY THE PROTON

. N r =
Form the right hand palm rule, the direction of the force E =1 mé = 0.1024x 1.6x18°J

. . . ) from eq.(4)
is according to negativeaxis, sQ mv? =0.32768 x 13° J

— 2 .

= -0.61312 x 1°N eq.(25) F, =0.9365 x 102 N from eq.(28)

2.F,= q%Bysin d

= 1Tesla fromeq.(16) V.  r = 0.32768 x1033 J

sin d ° =1 sin 90 0.9365x 102 N

V Fz=16x10°%x0.3832x16x1x1 N V r= 03498x10 m

=0.61312 x 13°N
Form the righthand palm rule, the direction of the force
is according to negative &xis, sQ

3.498 cm =3.498 xTn eq.(29) see fig.(13)
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H. TIME PERIOD (T) OF THE PROTON Fr=0.9365 x 13° N from eq.(28)
= 0.35408 x168° N
T=2 VI 0.9365x 10 N
r=3.498 x 1¢ m from eq.(29) V Cos U = 0.3780 eq.(31)
V =0.4426 x 16 m/ s from eq.(17) v U = 67.8 degree [cos ( 67.
= 2x3.14x3.498x 10 m 2. With yi axis
0.4426 x 10 m/s Cosbgrcos gRB= /IR F
= 21.96744 x 10° s = 49.6327 x 1bs = -0.61312 x 18* N from eq.(25)
0.4426 = -0.61312 x18° N
= 496 x1C s eq.(30) 0.9365x 10° N
CONCLUSIONt he confined proton MaGossedhedhe poi nt eq.(Bd
by the after each 4.96 x $0second. V b %30.8 degrecos (130.85 -0.6534 ]

3. with zT axis
I. CONFINEMENT OF THE PROTON: THE CIRCULAR Cosy= Fr cosy/ k= /R
ORBIT FOLLOWED BY THE CONFINED PROTON = -0.61312 x 16° N from eq.(26)
= -0.61312 x13° N
0.9365x 13> N

: V Cosy=-0.6546 eq.(33)
/ V  y=130.8 degrdeos(130.8) =0.6534 ]
7 see fig (14)
The circular orbit followed by the confined proton 3
Figure 13 Figuré 14

V By seeing the directionsf forces[ ,] acting on the V
proton[wlen t he pr ot ohwereacha the

rgle that m ke th resultant ferq) with respect to
conclusion thatthe circular orbit followed by the

five N y and z%xXjsvhen particlei proton is at point

confined proton lies in the plane made up of positivie x Where
axis , negative ¥ axis and the negativeizaxis. U e 67.8 Degree
V G, = center of the circular path followed by the proton 30.8 Degree
V 66 is the center of efralosison y E 388[9e§réent where th

i njected Iigte pintivbareeall theRloee axes The direction cosines of the ling P,

mters_ect each other. V  The lineP; P, is the dameter of the circle followed (or to
V The line segment is the radius of the circular orbit be followed by the particle

flo(;_lé)med by the confined proton and is equal to 3.498 X/ The points P (X, y1 1) and B (X, Y, 2,) make the line P
' P..

V = the resultant force acting on the particlben the V  The particle startsitsciicl ar moti on f(- om

particle is at point F the center of fusion where the partidesither injected or
It is the resultant forcé ) By virtue of which the particle produced P J

start§ its gircular motion from point F and undergo to a So, we have denoted the Cartesian coordinates for the
confined circular path Point 0Q0MP as (

11. Angles thamake the resultant force () [acting on the
protonwle n  t he pr ot @ with positiveaxt y apdo iVn t;']eere tr%e point K0, 0, 9 and the point P(x, y, 2,) are

z-axis . . V So the direction cosines of the ling I, are:
1. with x1axis - 1.1= cos,ilk/d= X
CosU=Frcos RU= /IR F where 2
= 0.35408 x 10°N from eq.(27) d = 2 x radius of the circle
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c 0 s = tbs component of the angle that make the
resultant force ( )dcting on the particle when the pal#i is
at point F] with the positive xaxis.

2.m = = goys/ d

Where

c 0 s = €&os component of the angle that make the
resultant force () [ acting on the particle when the particle is

at point F ] with the positive yaxis . B </
3.n=cosy = ziz; / d (\N
Where \

cos y = cos component of the angle thatake the
resultant force ( )dcting on the particle when the particle is
at pointF ] with the positive z axis

J. THE CARTESIAN COORDINATES OF THE POINTS
P, (X1,Y1,Z)ANDP, (X»,Y,,Z)LOCATED
ON THE CIRCUMFERENCE OF THE CIRCLE
OBTAINED BY THE PROTON

Figure 15

lLcos &*dul - CONCLUSION:he proton is confined. The proton starts
d=2xr its circular motion from pointgf or t he p®,i0pt O
r=3.498x1F m from eq.(29) and reaches at point X, V., z) and then again reaches a
- '2X3 498x16 m ' point p (X1, Y1, z1) to completethe circle of radius 0.03498
- 6 9§6 %16 m m. the proton keeps on following the confined circular orbit
Cos LVJ.: 0 37 uninterruptedly and pass,
V % -x =d X ' cos U p: (0, 0,0) by time and again until it fuses with the proton of
Vi ;<2—x1:6996x102x037m the | ater injected bunch reac
v Xi ) Xi _ 2.5885x16. m The confined proton fuses with the injected proton at
VX = 25885x18 m [x =0] eq(34) on!y an,O”'y point 6F6 and
2 cywsy, b = point OFO.
)@_Y,d 1
v Sﬁs_byl o o o om ELEA VII. FUSION REACTIONS
x zi zi f(ng??(iOixl(&o.?nS) m 1. Proton- proton fusion
- 1 1 2 +
VoY, = 45474x16 m [y,,=0] eq(35) Ho+ 0 uH D et €+
3.¢05Y=2 -2 [injected] [ confined ] [ confined ]
__Ld = 2. Annihilation of positron and an electron
- 0. f _ e +e€ & + 74 ra
v (Z:?S_yzl S 6dS X cosy fom eq.(33) 3. Protorii deuteron fusion
V 2 -z =6.996x10% (-0.65) m "Ho o+ 3D SHe  + yrays
V 2 -2z = -45474x16G m [injected] [ confined ] [ not confined ]
V 2 = -45474x1F m [z,=0] eq(36) 4. Protorii deuterori proton fusion
V The point OF60 ammde t heame.i ntiHdmDwhe'He [ %Li] %He + ggm
each particle starts its circular tian. so, the coordinates [injected] ~ [confined]  [confined]  [not confined] [not confined]
of pointp (X1, VY1, z) are equaltof(0, 0, Q.
Seg ﬁg_(?g,)( 1% 2) a P©.0.9 HOW FUSION OCCURS

The cartesian coordinates of the point (B, Y1, z)
located on the circumference of the circle obtained by the

proton.:
V The line segment __is the meter of the circle
followed by the confined protory P,

a. FORMATION OF COMPOUND NUCLEUS

As the proton of Nth bunch
with the confined proton [the proton of first bunch that has
already confined and passing
compound nucleus.

b. THE SPLITTING OF COMPOUND NCLEUS

The compound nucleus splits into three particles. out of
three particles, two are stable nuclei while the third one (the
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reduced mass) is unstable. By the law of inertia, each partictiistributed groups of quarks with similarly distributed
that has separated from the compound nucleus has anrrounding gluons.

inherited véocity( ) equal to the velocity of the compound
nucleus( )

Thus within the homogeneous compound nucieesch

group of quarks is surrounded by the gluons in equal

proportion. So, witm the homogeneous compound nucleus

c. PROPULSION OF THE PARTICLES

The reduced mass converts into energy and the total
energy (g) is carried away by the neutrino. The neutrino do
not interact with any particléSo, neitherthe deuteron nor the
positron is propelled.

FOR PROTON PROTON FUSION REACTION

'H+ Y H 2D #+ €.
Formation of compound nucleug P]:

a. INTERACTION OF NUCLEI

The injected proton as reaches at point F, it interacts
[experiences a repulsive force due to the confined proton
passing through the point F] with the confined proton at point
F. The injected proton overcomes the electrostatic repulsive
force andi a like two solid spheres jointhe injected proton
dissimilarly joins with the confined proton.

See fig.(16)

there are 2 groups of quarks surrounded by the gluons.

See fig.(17)
Homogeneous Compound Nucleus

Figure 17
where, - velocity of the compound nucleus

NOTE [ D] is a compound nucleus formed due to U :00 30 from eq.(53)
protoni proton fusion. b = 60 from eq.(54)
Interaction Of Nuclei y= 9@ from eq.(55)

c. FORMATION OF LOBES WITHIN INTO THE
HOMOGENEOUS COMPOUND NUCLEUS OR
THE TRANSPRMATION OF THE
HOMOGENOUS COMPOUND NUCLEUS INTO
THE HETEROGENEOUS COMPOUND NUCLEUS

Emitting a positive charge, an up quark (u) of a group of
quarks (uud) converts into a down quark (d). Thus the group
of quarks (uud) that compose the proton convertsargooup
of quarks (udd) that compose the neutron.

The converted group of quarks (udd) with its surrounding
gluons to become a stable and the next higher nucleus
(deuteron) than the reactant one (the Proton) includes the
another group of quarks (uud) wiits surrounding gluons

= and rearrange to form the
i . compound nucleus.

While, on the other hand, the emitted positive charge to
become a stable nucleus (positron) includes its surrounding
gluons or mass [out of the available mé&ssgluons) that is

6 /

Interaction of nucleil Interaction of nuclei

Ei 16 not included in the formati on
igure form the 6B6 | obe of the hete
b FORMATION OF THE HOMOGENEOUS Thus, due to formation of two dissimilar lobes within

into the homogeneous compound nucleus, the homogeneous
compound nucleus
ompound nucleus.
See fig.(18,19,20)
The transformation of the homogenous compound
eus into the heterogeneous compound nucleus:

COMPOUND NUCLEUS

transforms into the heterogeneous

The constituents (quarks and gluons) of the dissimilarlf
joined nuclei (Protons) behave like a liquid afarm a
homogeneous compound nucleus. Having similarlynucl

Page350

www.ijiras.com | Email: contact@ijiras.com



International Journal of Innovative Research and Advance Studies (IJIRAS)

Volume 5lssue2, February 2018 ISSN: 23944404

Formation Of Lobesl FORMATION OF LOBES

V  Within into the homogeneousompound nucleus the
greater nucleus is the deuteron and the smaller one is the
positron while the remaining space represents the
remaining gluons

V The greater nucl eus is the
nucleus is the | obe 06B6.

a. FINAL STAGE OF THE HETEROGEOUS
COMPOUND NUCLEUS

The process of formation of lobes creates void (s)
between the lobes. So, the remaining gluons [the gluons (or
. the mass) that are not involved in the formation of any lobe]
Figure 18 rearrange to fill the void (s) between the lobes. Thus the
Heterogeneous compound nucleusAn up quark (U)  remaining gluons form a node between the dissimilar lobes of
emits a positive charge and converts into a down quark (d). the heterogeneous compound nucleus.
The transformation of the homogenous compound  Thus, the reduced mass (or the remaining gluons) keeps
nucleus into the heterogeneous compound nucleus: both the dissimilar lobes of the heterogeneous compound
Formation Of Lobes2 nucleus joined them together.
So, finally, the heterogeneous compound nucleus
becomes like a dunmibbell.
See fig.(21,22)
Final stage of the heterogeneous compaundeus:

Final Stage- 1
£
Figure 19
The axis along which the groups of quarks are agdng
to The emitted positive
Charge reaches on the other end of the nucleus. Fi 21
The transformation of the homogenous compound Final st f theet lgure d leus:
nucleus into the heterogeneous compound nucleus: F!nal Ztage 02 elerogeneous compound nucleus:
FormationOf Lobes 3 ihal Stage:
: Figure 22
Figure 20
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Calculations for ta compound nucleu$,[D]: d. COMPONENTS OF THEMOMENTUM OF THE
INJECTED PROTON JUST BEFORE FUSION ARE

a. JUST BEFORE FUSION, THE LOSS IN THE

KINETIC ENERGY OF THE INJECTED PROTON 1=Rcos U,ces Uy
m = 1.6726 x 16’ kg
o \ Q3785 x 20 m/ f (3 o
V As the injected proton reac F‘HceosS :ai.67ibx9?6thso.37%§:;%lr%ig /j% e inje
proton fuses with the confined proton (passing through = 0.6330 x 16°kgm/s eq.(41)

the point 6F&6) tod efusrmathe od aomp@d@kmd nuc
V  Just before fusion, to overcome the electrostatic repulsive 2 = Rc os nfwy,c 0s b

force, the injected proton loses its energy equal to 2.5 Vo€ 0 'S 0.B185=x 167 m/s from eq.(39)
=1.6726 x 16’ x 0.2185 x 10kgm/s
Kev. [from eq.(2)] _ 0
o . o = 0.3654 x 16°kgm/s eq.(42)
V  So, the kinetic energy of the proton just before fusion is
Eo = [Ep - Eosd 3 = Rcosy = my cosy
Er = 102.4 kev from eq.(4) Vpcosy=0 m/s from eq.(40)
Eoss = Epp = 2.5 kev from eq.(2) =1.6726 x 16’ x Okgm/s
E,=[102.4-2.5] kev =0 kgm/s eq.(43)
=99.9 kev
= 0.0999 Mev e. COMPONENTS OF THE MOMENTUM OF THE

COMPOUND NUCLEUS (&)
b. VELOCITY OF THE INJECTED PROTON JUST

BEFORE FUSION The injected proton penetrates the confipedton. So,
Just before fusignthere isa loss in kinetic energy of the
Vo =| 2E |7 injected proton but the kinetic energy of the confined proton
Mp remains same. So, the momentum of the confined proton
remains same as with which it was injected to.
E, =0.0999 Mev V X 1 component of the momentum of the compound
= 0.0999x1.6x18° J nucleus () =
m, =1.6726x1G" kg
- X1 component of X1 component of the
the momentum momentum of the
=| 2x0.0999x1.6x1®°® J | * of the confined proton| injected
1.6726x10 kg at point F Proton just before fusion
= at point F
— 3| %
= % m/s 1 = [0.6410 x 167 + [0.6330 x 169 kgm/s from
' eg.(22 and 8?1(}) respect.
_ % =1.274 x 1G°kgm/s
[0.19112758579x16] * m/s § =Fmcos U = Mkg@d 4 rq.(ap
= 0437110 mis €q.(37) V yi component of the momentum of the compound
nucleus () =
c. COMPONENTS OF THE VELOCITY OF THE
INJECTED PROTON JUST BEFORE FUSION ARE y i component of y i component of the
the momentum momentum of the
1=V, cos U of the confined + injected
V, = 0.4371x10 m/s from eq.(37) proton Proton just before
Cos U =° =/ 008663 0 at point usion
= 0.4371 x 16x 0.866 m/s at opotnm
=0.3785 x 16m/s eq.(38) = [0.3701 x 1G% + [0.3654 x 1G% kgm/s from
eg.(23 and 4p
2=V cos b =0.7355 x 1G°kgm/s
Cos b =Z=080s 60 =Pcyco0s b = BkgmB55 eR.(43)0
= 0.4371x 10x 0.5 m/s V z i component of the momentum of the compound
=0.2185 x 16m/s eq.(39) nucleus ( )=
3 =\, cosy z1 component of zi component of the
Cosy=cos90 = 0 the momentum momentum of the
=V, x 0 m/s of the confined injected
=0 mis eq.(40) prot_on Proton jgst before
at point F fusion

at point F
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T =[0]+[0]kgm/s from eq.(24 and 43) respectively
= Okgm/s
1 =Pcvcosy=0 kgm/s eq. (46)
f. MASS OF THE COMPOUNDUCLEUS (M)
M =2m,
= 2x1.6726 x 18 kg
= 3.3452x 18'kg eq.(47)
g. COMPONENTS OF THE VELOCITY OF THE
COMPOUND NUCLEUS
1=Vencos U  Peco/sM U=
M
P, =Poywcos 1R74x4A0kgm/s from eq. (44)
M = 3.3452 x 16" kg froraq.(47) T
V. =Vencos 1R74 x40 kgm/s
13.3452x 10" kg
V. =Vopecos U = 'mB. 380048) x 10
2 =V\,nCOS b = Pcycos B /I M =
M
P, = Poy € 0s 07355 x1G°kgm/s  from eq.(45) Il
V. = Ve Cos B7355x%1G°kgm/s
3.3452 x 10" kg
V =Vpncos b = "mfs. 2 1 8g49xk 1%)
3 =Veycosy = = /M = PgyCOsSy
M
P,= Pcy cosy = 0 kgm/s from eq.(46)
V = Vg cosy =0 kgm/s
M kg
V = Vgycosy = 0m/s eq.(50)

h. VELOCITY OF THE COMPOUND NUCLEUS
(Ven)

VCNZ — VXZ + Vy2 +VZZ

V, = 0.3808 x 10 m/s from eq.(48)
V, = 0.2198 x 16 m/s from eq.(49)
V, =0 m/s from eq.(50)
V. Ve = (0.3808 x 102 + (0.2198x 10)? + (0F m?/s”

= (0.14500864 x 1) + (0.04831204 x 10) +0 m?%/s
V Ve = (0.19332068 x 16) m%s? eq.(51)
V. Vey = 0.4396x10 m/s eq.(52)

i. ANGLES THAT MAKE THE VELOCITY OF THE
COMPOUND NUCLEUS ( &) WITH POSITIVE
X , Y , AND Z AXES AT PC

1 with x7 axis

CO0sSs UCN:NCNCbVVC@/
VenC 0s 013808 10 m/s
Ven = 0.4396 x 10m/s

from eq.@8)
fromeq.(52)

f cos (B808x16 m/s=0.8662 eq.(53) Vv
0.4396 x 16 m/s

T U 3¢ [cos 30 =0.866(Q

2 with yi axis v

cCO0sSs bCN = Vcen d &/s Vch / \4

VIII.

VenC 0s 0198 10 mis from eq.(49)

cos 02198x m/s =0.5

0.4396 x 10 m/s
17 b 2 [ cos®&0=0.5] eq.(54)
3 with 7 axis
cos y= Ny = Vencosy/ ey
Vencosy =0 m/s from eq.(50)
cosy= 0 m/s =0

0.4396 x 10 m/s
T y= 90 eq.(55)

THE SPLITTING OF THE HETEROGENEOUS

COMPOUND NUCLEUS

The heterogeneous compound cteus, due to its
instability, splits according to the lines parallel to the
direction of the velocity of the compound nucleus ( )
into thethree particle$ the deuteronthe positron and
the reduced masgxn).

Out of them the two m@rticles (deuteron and positioare

stable whie the third one (reduced mass) is unstable

According to the law of inertjaeach particle that has
sepaated from the compound nucleusas an inherited
velocity ( )equal to the glodty of the compound nucleus
0-

So, for conservation of momentum

M =(my+pm med eq.(56)
Where
M = mass of the compound nucleus

= velocity of the compound nucleus
myg = mass of the deuteron
o m= reduced mass
M. = mass of the positron
See fig.(23)
The splitting of the heterogeneous compound nucleus

splitting -1 splitting -2
The compond nucleus (The particles produced
(before splitting) aftetigjmg)

Figure 23
The heterogeneous compound nucleus splits into three
particlesi the deuteron, the reduced magsnf) and
positron.
= inherited velocity of the particle
= velocity of the compound nucleus
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V Positron is a stable particle in theresence of the b. INHERITED KINETIC ENERGY OF THE
magnetic field REDUCED MASS
Inherited velocity () of the particles
V Each particle that has separated from the compound V E.,, = om ZM, = @m 2@
2 2

nucleus has an inherited velocity ( ) equal to the velocity

of the compound nucleus. VZen = 0.1832068 x 16" m/s”  from eq.(51)
gm= 0.000747225 x 18 kg 5 from eq.(63) "
V  Epn=y x 0.000747225 x 18 x 0.19332068 x 16 J
a. THE INHERITED VELOCITY OF DEUTERON V E. = 000007222702 x 16 J

E,.n= 0.000045 Mev IMev = 1.6 x 13° J| eq.(64
1 = = 0.4396 x 1bmis form eq.(52) " 1 I eq.(64)

1 Components of the inherited velocity of the deuteron c. RELEASED ENERGY gt
1. =Vinc 0s Ehco s3/013808 x 16m/s from

eq.(48) eq.(57) Er=  dmc
2. =Vy, COS bBywcosV b = 0.mxs198 g’ﬂ‘_ 010("13)045 XOQéloM%vo 45 amu
R - .
from eq.(49) ed.(58) Er = 0.41895 Mev ed. (65)
3. =Vjmcosy =Wy cosy =0 m/s fromeq.(50)
eq.(59) d. TOTAL ENERGY (E)
b. THE INHERITED VELOCITY FOR THE Er = BmtEr from eq. (64 and 65 )
POSITRON E+ =(0.000045) + (0.41895) Mev from eq. (58)
E+ =0.418995 Mev eq.(66)
1 = = 0.4396 x 10 m/s CONCLUSION:The total energy (B is carried away by

1 Components of the inheritagtlocity of the positron the neutrino The produced neutrino does notergct with

_ v - < _ 7 V. produce ucleusSo, neither the deuteron nor the
L =Vin cos Uy cos VU = Onis3 8S§s§ron S pro%e led by the neutrino
from eq.(48) eq.(60) See fig. (24)
2. =Vyn cO0S hy 8o Hb = 0Omms198 x 10
from eq.(49) dq.(6 PropulsionOf The Particles
3. =Vimcosy=Wycosy=0m/s froraq.(50) y
eq.(62)
c. THE INHERITED VELOCITY OF THE REDUCED
MASS
V = = 0.4396 x 10m/s ‘

IX. PROPULSION OF THE PARTICLES

The total energyEs) is carried away by the neutrino.

The produced neutrino does not interact with any produced _ Figure 24 _
nucleus. So, neither the deuteron nor the positron is propellel AS the neutrino doesot interact with any particleso we
by the neutrino. have shown the direction of the velocity of the produced
neutrino in such a way that it seems that neutrino does
a. REDUCED MASS not interact with anyarticle
V_ = Final velocity of the neutrino
qm = Rmy] i [mg+me] V  The total energy Eis carried away by the _neutrino and
m, = 1.00727amu the produced neutrino does not interact with any particle
my = 2.0135%mu and hence neither the deuteramor the positron is
Me.= 0.00054mu propelled _
gm= [2x1.00727 J [ 2.01355 + 0.00054 ] amu V It_ is the mhe_rlted velocity () of thgaduced mass by
om - [ 1 [2.01009 YaFid | virtue of WhICh the produced neutdncan exceed the
®m = 0.00045 amu speed of light
oam = 0.00045 x 1.6605 x 10 kg [Lamu = 1.6605 x 18/
kg] e. INCREASED ENERG¥fc) OF THE PARTICLES

m 0.600747225 x 18 kg ,
i.e.=0.00045 amw 0.000747225 x I kg eq.(63) V As the red_uced ‘mass converts into energy. The total
energy (E) is carried away by the particlieneutrino.
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V  The produced neutto does not interact with any of the

stable nuclei (deuteron and the positron)

V Hence the increased energyi.,{E of the each final

nucleus (the deuteron and the positron) is zero. or
Einc=0 J eq.(67)

Increased velocity of the particles

As the increased energy (& of the each particle (the

deuteron and the positron) is equal to zero. that is

En.=0 J

So, the increased velocity (V) of the each particle (the

deuteron and the position) is also equal to zero. or

Vine = 0 m/s eq.(68)

f. COMPONENTS OF THE INCREASED VELOCITY
(Vinc ) OF THE PARTICLE THE DEUTERON

Asthe ., = 0 m/s

So,

1=V, cos U = 0 eq(69
2=Vj,c cos b = 0 m/ s
3 = Vi cosy=0 m/s eq.(71)

g. COMPONENTS OF THE INCREASED VELOCITY
(Vinc ) OF THE PARTICLE THE POSITRON

As the .= 0 m/s
So,

1 =Vicos U = 0 rad.(32)
2 =Viccos b = 0 m/ s
3 = Ve cosy =0 m/s eq.(74)

h. COMPONENTS OF THE FINAL VELOCITY OF
THE PARTICLES

For The Deuteron

According Inherited Increased Final velocity
To - Velocity () Velocity () = +
Xi axis | =0.3808x10m/s| = 0 m/s | =0.3808x10m/s
eq.(75)
yiaxis | =0.2198x10m/s| = 0 m/s | =0.2198x10m/s
eq.(76)
Zi axis =0 m/s =0 m/s | =0 m/s eq.(77)
from eq.(57,58,59) from eq.(69,70,71)
respectively respectively
Table 1
For The Positron
According Inherited Increased Final velocity
To - Velocity () Velocity () = +
Xi axis = =0 m/s | =0.3808x10m/s
0.3808x10m/s eq.(78)
yi axis = =0 m/s | =0.2198x10m/s
0.2198x106m/s eq.(79)
Zi axis =0 m/s =0 m/s =0 m/s eq.(80)
from eq.(60,61,62) from eq.(72,73,74)
respectively respectively
Table 2

i. COMPONENTS OF THE FINAL MOMENTUM OF
THE DEUTERON

mg =3.3434 x 10’ kg

=0.3808 x10m/s from eq.(75)

V = 3.3434x 16’ x 0.3808 x 10 kgm/s
= 1.2731 x18° kgm/s eq.(81)
2 =my
= 0.2198 x16m/s from eq.(76)
V = 3.3434x 18’ x 0.2198 x 10kgm/s
= 0.7348 x18°kgm/s eq.(82)
3 = m
= 0 m/s from eq.(77)
=myx 0kgm/s
V =0 kgm/s eq.(83)

j- FINAL VELOCITY (¥) OF THE DEUTERON

Vf2 — VXZ + Vyz +V22
V,= 0.3808X10 m/s from eq.(75)
eq. (70)

V,=0.2198X10 m/s from eq.(76)

V=0 m/s from eq.(77)

V V¢ =(0.3808X10)%+ (0.2198X10)+(0¥ m?/S?

Vv vfz2 32: (0.14500864X1H)+(0.04831204X1)+0
m*/

V V{4 =0.19332068X1H m¥/S? eq.(84)

V. V; =0.4396x10 m/s eq.(85)

Final kinetic energy of the deuteron

E= % mV/ eq. (73)

V°=0.19332068x1H m?/s? from eq.(84)
E =1 X3.3434X16'X 0.19332068X1Y J

E = 0.32317418075X18 J

V E=0.3231X103° J

E = 0.2019 Mev

E = %mV;?=0.3231 X 13° J
mg Vi? =2 X 0.3231X10°J
my Vi =0.6462X10"J

ed.(86)

i from eq.(86)

eq.(87)

k. FORCES ACTING ON THE PARTICLE
DEUTERON [ WHEN THE DEUTERON IS AT
POI NT 6 F 6]

1R=qgW%Bzsin d

q = 1.6x10°
= 0.3808 x 16m/s from eq.(75)
=-1Tesla from eq.(15)
sin d °°=1sin 90
1 F =16x10°x0.3808x10x1x1 N

=0.60928 x 16° N
Form the right hand palm rule, the direction of force is

according to negative y axis.

So, =-0.60928 x 13*N
2 R=gW%Bysin d
= 1Tesla
sin d °=1sin 90
f F,=1.6x10° x0.3808x10 x1x1N
=0.60928 x 18N
Form the right hand palm rule, the direction of forig

€q.(88)

from eq.(16)

accordng to negative z axis.

1 =m

So, =- 0.60928 x 13° N eq.(89)
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3 Rh=qVBzsin d T = 43.60204 x 10° s =99.1857 x 1B s
= 0.2198 x 16m/s from eq.(76) 0.4396
= -1 Tesla T=99185x18 s eq.(93)
sin d °=1sin 90 CONCLUSION:the confined deuteron passes the point
T F=16x10°x0.2198x10x1x1N 6F6 by the aft’seconkcach 9.9185
=0.35168 10"*N r -
Form the right hand palm rule, the direction of forée , /
according to positive x axis. I )} /
So, = 0.35168 x I&N eq.(90) ) L/
See fig. (25) i /
Forces acting on the particle deuteron [when the T l/
deuteron is at point O0FO6] ‘&é
RSN
//' \
/
/'/
//
i
R~ “'
e '
: e il z
% The circular orbit followed
Figure 26
& by the confined deuteron
‘ Where,
‘ Cq = center of the circular orbit followed by the confined
' Figure 25 deuteron
4. Resultant forcéFg) acting on the deuteron = Resultant force _ . .
F2 = F2 + R2+F,2 F = the center of fusion or the point where deuteron is
F,= F, = F =0.60928 x I¥N from eq.(88 and 89) Produced. o .
F = 035168x162N from eq.(90) V By seeimg the directions of forces [ , ] acting on the
F2= 2P + F2 deuteron [ when the deutero
Fe2 = 2 x (0.60928 x 1892 + (0.35168 x 1092 N2 the conclusion that the circular orbit followed by the
- x (0.371222184 x 1G%%) +(0.1236788224 x 18) N? conf_med deu_teron Ilgs in the pIane. made up of positive x
= (0.7424442368 x 18 + 0.1236788224 x 18) N2 T axis, negatlv_e y axis and the rgative Zi axis.
FR2 — 0.8661230592 x 18 N2 V  The d_euteron is conf_med. . . _
Fr = 0.9306 x 18°N eq.(91) V The line segment is the radius of Fhe circular orbit
See fig.(25) follgwed by the confined deuteron and is equal to 6.943 x
10° m.
. gé?ﬁg S;U-;:E&LRCULAR ORBIT FOLLOWED . ANGLES THAT MAKE THE RESULTANT FORCER)(F
[ACTING ON THE DEUTERON WHEN THE
R = mv Fy DEUTERONISATPONT 6 F 6] WI TH P
m? = 0.6462 x 10°J from eq.(87) AND ZAXES
Fr = 0.9306 x 13°N from eq.(91) . :
1 R = 0.6462x 10° J 1 with x- axis .
0.9306 x 107 N Cos kcos RB /K F .
R =0.6943 x 10 m ) Cor;fln%rrzjent of deuterorThe circular orbit followed by
_ — the confined deuteron
ge_e?ig‘(l;a) cm = 0.6943 x Tom €q.(92) = 0.35168 x 162N from eq.(90)
' F, =0.9306 x 13° N from eq.(91)

Cos 0B5168x13> N

m. TIME PERIOD (T) OF THE CONFINED 09306 x 12 N

DEUTERON Cos U = 0.3779 eq(94)
T = 2°¢r | V T U = 67.8 cos(6d.8) =0e3778]
r=6.943x1 m from eq.(92) 2 with y axis
V =0.439%6x10 m/s from eq.(85) Cos fpcos Fb = /R/ F
T =2x314x6.943x10 m =-0.60928 x 16% N from eq.(88)
0.4396 x 10 m/s F = 0.9306 x 13* N from eq.(91)
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Cos {0.60928x16° N V Y, - yp= -9.0259 x 10 m
0.9306 x 10* N \VARYA = -9.0259x 16m [y:,=0 eq.(98)
Co s -0.6547 eq.(95) 1 cosy=z -z
T b 1308 degree cgs (130.8) =0.6534] d
3 with y- axis cosy = -0.65 from eq.(96)
Cosy =Rkcosy /F= /R V. 2z -z =dx cosy
= -0.60928 x 10 N_ from eq.(89) V7, -z =13.886 x10x (-0.65) m
Cosy =-0.60928 x 132 N V 2 -2z =-9.0259x1G m
0.9306 x 10° N vV oz =-9.0259x10m [z,=0 eq.(99)
1 Cosy=-0.6547 eq.(96) V The cartesian coordinates of t_he pointsP, vy , 2 an(_j
1 y = 1308 degree P, (X2, ¥» , 2) located on the circumference of thects
i ' obtained by the deuteron
See fig.(27) V  The line RP, is the diameter of the circle
|
Figure 27

T Angles that make the resultant force () [acting on the . Figure 28
particle, when the deut er ¥ nConclusionthe deueroR is cogfipedhe deyierostarts e s p
positive X, y, and zaxes. its circular motion frompointp[ or t he Oploi nt
Where, 0)] and reaches at point (x> | ¥» , %) and then again
U = 67.8 degree reaches at pointip(xy, Y1, z1) to complegeie argje of 9 4 )
b = 130. 8 d e fomer(95) radius 0.06943 mthe deuteron keeps on following the
Y = 130.8 degree from eq.(96) confined circular orbit uninterruptedly angass through

V 6F6 is the point where all tthhes tprofiteedpingpxkads, 4 Metie angqgain nt
each other. until it fuses with the proton of the later infed bunch

reaching.at point OFO
0. THE CARTESIAN COORDINATES OF THEV The confined deuteron fuses with the injected proton at

POINTS R (X:, Y1, Z) AND B, ( X, Vs , 2) onl vy an d on Iy P ocompbunddnuckeusé a
LOCATED ON THE CIRCUMFERENCE OF THE at point o0 F O
CIRCLE OBTAINED BY THE DEUTERON Final kinetic energy of the positron
E= M. V& =% m, Vi = Y2 m. Vi
1 cos _)d;! -X; = Mg = 9.1 X 10* kg
d VZen = 0.19332068 x 19 from eq.(84)
d=2xr E =% x 9.1x10"x(0.19332068 x 18) J
r =6.943x16 m from eq.(92) V E =0.879609094 x 1& J
d =2x6.943x16 m =0.5497 x D* Mev
d =13.886 x 18 m Vome V& = mu Vi = m. Vi
Cos U = 0.37 V2 = (0.19332068 x 1) m?/s” fromeq.(84) fron
Vo X - X, = d X cos U V. me V¢ =9.1x10*x0.19332068 x 13 J
N 7
V. X; - X = 13.886 x16x0.37 m =1.7592 x 16" J eq.(100)
V X - X3 = 51378 x 16 m
V X, = 51378x18 m [ =0] eq.(97) p. FORCES ACTING ON THE PARTICLE
2 C oys- b = POSITRON
_Lyd .
cosb -0%65 from eq.(95) 1R =qVWBssin d
Vi oy, -y = d X cos b q = 1.6x10
V y, - y;=13.886 x10x (-0.65) m = 0.3808 x 16m/s from eq.(78)
= -1Tesla from eq.(15)
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sin d °=1sin 90 0.9306 x 10°
T F =16x10°x0.3808x10x1x1 N R=1.89039 x 10 m
= 0.60928 x 18°N R=18.9039 x 16 m eq.(105)
Form the ight hand palm rule, the direction of force is CONCLUSION:
according to negative y axis. Confinement of positron
So, = - 0.60928 x 13°N eq.(101) The positron is confinedue to the forces acting on By
2 R=qW%By,sin d seeing the directionsfdorces acting on the positrprwe
=1 Tesla from eq.(16) reach at the conclusion that the circular orbit followed by the
sin d °=1sin 90 confined positron lies inhe plaxe made up of positive
1 Fy=16x10°%x0.3808x10x1x1 N axis negatie y axis and negative iz axis
= 0.60928 x 18°N ELECTRON GUNEelectron gun injects the electrortdn
Form the right hand palm rule, the direction of forée t he t he t ok aThadachalectrgn & injected ot 6
according to negative z axis. the tokamak with 10 ev energy making anglé ®@h the x
So, =-0.60928 x 13> N eq.(102) axis, 120 angle with the yaxis and 90angle with the axis.
3k=qV\Bzsin d
=0.2198 x 16m/s from eq.(79) InjectionOf The Electron
= -1 Tesla
sin d °=1sin 90
f F=16x10"x0.2198x10x1x1 N

=0.35168 x 18°N
Form the right hand palm rule, the direction of forég 75
according to positive x axis.
So, = 0.35168 x 16N eq.(103)
See fig.R9)

ForcesActing On The Particlé Positron

A Figure 30
e = Annihilation of the positron
‘ e V. The injected electron reac!t
4 with the positron passing through it. The result of the

collision is the annihilation of the positron and the
VE electron and is the creation of a pair of gamma ray
photons.
The positron annihilates with an electron and their mass
Energy [m. ¢ + m. ¢? and their kinetic energy [¥2dn

v
X-ary &

Figure 29 Vien + ¥2m V2, is carriel away by the two gamma
4 Resultant force (&) acting on the positron ra;/:h[l)hotons mieced i g
F2=F2 + B2 +F2 ' , . . o
X , V So, at point 6 FO6 annihil at

F.=0.35168 x 18° N from eq.(103) e +¢& 2y photons

— — — 2
F > R —fz =0.60928 x 10° N from eq.(101 and 102) y The produced gamma ray photons strike to the wall of
Fr™ = 2':x + 2F , g <2 the tokamak.
T Fr :(0-35168X1(§) +2(0.60928 X109 N , V The positron (s) that do not collide with electron (s)

=(0.1236788224 10 )+2(0-3712221184X]§) N continue follow the confined circularrlit until they
FRZ = (01236788224 X 1_64) "; (0742444236810 ) N annihilate with electron (S)
Fr" = 0.8661230592 x ¥ N V Theinjectedelecrn (s) t hat 6 elmusthedo
Fr =0.9306 x 13° N eq.(104) not collide with any positran due to presence of

magnetic fieldsundergo to a circular orbit.
g. RADIUSOF THE CIRCULAR ORBIT FOLLOWED

BY THE POSITRON
X. CONFINEMENT OF THE INJECTED ELECTRON

R = mv Fg
mv’ = 1.7592 x 16"J from eq.(100) a. VELOCITY OF HE ELECTRON
Fr =0.9306 x 132 J from eq.(104)

R = 1.7592 x 13" m
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= -0.9376 x 16mi/s from eq.(108)
V =|2E |¥mis = -1 Tesla
Me sin d °=1sin 90
 F=1.6x10" x0.9376 x 16x 1 x 1N

E. =10 ev =1.5001x 10°N
Me =9.1x 10" J Form the right hand palm rule, the direction of foixe
V = ( 2x10x1.6x10° Y}z m/s according to negative-xaxis

9.1 x 10* So, =- 1.5001x 10°*N eq.(112)

V = 3.51648351648 x 1615 m/s
vV = [1'8752 xl?)an/s eq.(106) d. RESULTANT FORCE @ ACTING ON THE

ELECTRON

b. COMPONENTS OF THE VELOCITY OF THE

2 _ 2 2 2
ELECTION Fe'= B+ R+,

F, =1.5001 x 10° N from eq.(112)
F=F, =F,=2.5982 x 10°N from eq.(110,111)
FeZ = R+ 2P
T F?=(1.5001 x 13%? +2(2.5982 x 13%? N?
= (2.25030001 x 1&) + 2(6.75064324 x 16°) N

Each electron is injected into the tokamak making angle
30° with the xaxis, 120 angle with yaxis and 90angle with
the zaxis.

So, the components of the velocity of the electron at

point i6F6 are 1 Fr?=(2.25030001 x 18 + (13.50128648k02°%) N?
1= v cos U Fg’=15.75158649 x It N?
V = 1.8752x 10D mis fromeq.(106) 1 Fr=3.9688x10°N eq.(113)
cos U °-8866 cos 30
= 1.8752 x 10x 0.866 m/s e. RADIUS OF THE CIRCULAR ORBIT FOLLOWED
= 1.6239 x 10m/s eq.(107) BY THE ELECTRON
2 = V cos b R = mv#/ Fr
cos b “— 05c0s 120 Lmv =10 ev
= 1.8752x10x (-0.5) nis from eq.(106) mv* =2x10x1.6 x 10°J
= -0.9376 x 16m/s eq.(108) =32x10"°J
Fr = 3.9688 x 10°N from eq.(113)
3= Vcosy R = 32x10° m
cosy = cos =0 3.9688 x 133
= 1.8752x1bx 0 m/s R =8.0628 x 16m eq.(114)
=0 m/s eq.(109) CONCLUSION:The electron that does not co#idvith

positron is not comfied By seeing the direction of forces
c. FORCES ACTING ON THE PARTICLE acting on the electron we reach at the conclusion that the

ELECTRON circular orbit to be followed by the electron lies in the plane
made up of negative-axis negative yaxis and negative-z
1 F = qVWB; sind axis where the magtic fields arenot applied. spln trying to
=1.6239 x 16 m/s from eq.(107) follow a confined circular orbit , the electron startscitsular
= -1 Tesla from eq.(15) motion fréodmapadi neadlres i n a
sin d °=1sin 90 negative xaxis , negative yaxis and negative-axis where
q = 1.6x 18°C the magnetic fields are not applied
1 Fy=16x10°x1.6239x16x1x1N So, as the electroget rid of the magnetic field# starts
=25982 x 10°N its linear motion leaving the circular motion.
Form the right hand palm rule, the directionfafce is Firstly, the electron startscr cul ar moti on f
according to negative-gxis. then it give up its circular motion and starts its linear motion
So, =-2.5982 x 10°N eq.(110) towards the downwardotstrke the base wall of the tokamak
For fusion reaction (3):
2 R=qVBysin d “H +%H ;He +yrays
= 1 Tesla from eq.(16) Formation of compound nucle{i$ Hel:
sin d °=1sin 90 _ .
1 F,=16x10° x16239x16x1x1N 1. Interaction Of Nuclei

=2.5982 10N

Form the right hand palm rule, the direction of force is Theinjectedor ot on as r ed. hiets iant e
according to negative axis. experiences a repulsive force duethe confined deuteron

So, =- 2.5982 x 10° N eq.(111) pa_ssing through_ the point F ] with the confineditéeon at _
point F the injected proton overcomes the electrostatic

3 k=gWBzsin d
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repulsive force and a like two solid spheres join the where,
injected proton dissimilarly joins with the confined derain . = velocity ofthe conpound nucleuand
See fig (31) U %= [froBnGq(132)]
where [,° He] is a compound nucleus formed due to b = 60 [from eq(133)]
proton and deuteron fusion. y = 9@ [from eq(134)]
Formation of lobes within into the homogeneous
InteractionOf Nuclei compound nucleus or the transformation of the homogeneous

compound nuclas into theheterogeneous compound nucleus:
The central group of quarks with its surrounding gluons
to become a stable and the neighier nucleus (the hellioh
3) than the reactant onth¢ deteron) includes the other two
(nearby located groups of queks with their surrounding
gluors and rearranged tloobtoraor
heterogeneous compound nucleus.
While the remaining gluongHe gluons or the mass that
is notincludedint he f or mat i ohreaoaigetb h e
L de form & hleo WeB redenedub @mpoent raucleus .

' Due to formation of two dissimilar lobes within intoet
homogeneous compound nucleusthe homogeneous
compound nucleus transforms into the heterogeneous
compound nucleus.

See fig(33)

Formation Of Lobes Within Into The Homagsous

interaction (1) interaction (2) Compound Nucleus

Figure 31

2. Formation Of The Homogeneous Compound
Nucleus

The constituents (quarks and glupé the dissimilarly
joined nuclei the protonand the deutergnbehave like a
liquid and forma homogeneous compound nucléwes/ing
similarly distributed groups of quarks with similarly
distributed surrounding gluons

Thus within the homogeneous compoundlausi each
group of quarks is surrounded by the gluons in equal
proportion. so, within the homogeneous compound nucleus
there are 3 groups of gtks surrounded by the gluons.

See fig(32) Figure 33

V  Where,
Homogeneou€ompound Nucleus 1 Innersidel obe 6 AG Thesis tte dieliumie d .
‘ 3 nucleus is formed ]
1 Outer side- The remaining gluom [or the reduced
mas s | f o r rnobe toh the heteBogeneous
compound nucleus]

f. FINAL STAGE OF THE HETREOGENEOUS
COMPOUND NUCLEUS

Theremaihng gl uons [ Thatl odoempod
heterogeneous compound nucleus ] remains loosely bonded
to the heliumi 3 nucl eus [ tbhatobempo
heterogeneous compound nucleus]. Thhe heterogesous
compound nucleus, finallybecomes like a coconut into
which the remaining gluons represent the outer shield while
the heliumi' 3 nucleus represethe inner part of the coconut

See fig.(34)

Figure 32
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Final Stage Of The Heterogeneous Compound Nucleus 2 = Bcosy=0kgm/s
e. COMPONENTS OF THE MOMENTUM OF THE
COMPOUND NUCLEUS

The injected proton petrates the confined pan. So,
Just before fusignthere is a loss in kinetic energy of the
injected proton but the kinetic energy of the confined
deuteron remains same. So, the momentum of the confined
deuteron remains saas with which it was produced
V X T component of the omentum of the compound

nucleus =

X' component of
the momentum of

X T component of
the momentum of

. the @nfined the injected
Figure 34 deuteron at point Proton just before
OFO fusion at

XI. CALCULATIONS FOR THE COMPOUND NUCLEUS
[%, HE] =[1.2731 x 1G9 + [0.6330 x 1G9 kgm/s from eq.(81
and 120)
=1.9061 x 1G° kgm/s

=PeycosU = 1. 9%kgnils x

a. JUST BEFORE FUSION, THE LOSS IN THE
KINETIC ENERGY OF THE INJECTED PROTON B@(123)

V As the ingcted proton reaches at point the injected V Yi component of the momentum of the compound
proton fu®s with the confined deuteron (passing through  nucleus( ) =
the point § to form the compound nucleus at point F

V  Just before fusiarto overcome the elgaistatic repulsive
force the injected proton loses its energy equal to 2.5

y i component of
the momentum of

y i component of
the momentum of

kev. the confined + the injected
V  So, the kinetic energy of tharoton just before fusion is deuteron at point Proton just before
[Ep] 6F o fusion at

Eb = [EP' Eloss]

Er = 102.4 kev from eq. (4)
Eoss= Epp = 2.5 kev from eq. (3) T = [0.7348 x 1G] + [0.3654 x 1G9 kgm/s from
E, = [102.4-2.5] kev eq.(82 and 121)

=99.9 kev f = 1.1002 x 16° kgm/s

=0.0999 Mev eq. (115 f =Pncos b = TkginG 0 ffromeq.(128)

from eqeq(l2y) é. .

b. THE VELOCITY OF INJECTED PROTON JUSTYV
BEFORE FUSIONS [ \&]

Vp = 0.4371 x 10 m/s from eq. (37§ . eq. (

c. THE COMPONENTS OF THE VELOCITY OF THE
PROTON JUST BEFORE FUSION ARE

(1)=Vpoc 0s 0.8785x10m/s f r om e gq.(l1F)8) é
(2)= V,c 0 s=0.8185 x 10m/s
(3) = W,cosy=0m/s

from eq. (39) ¢
eq. exDLy)eé é.

d. COMPONENTS OF THE MOMENTUM OF THE
INJECTED PROTON JUST BEFORE FUSION ARE

from

1=P,cos U = @.f6r3o3m exeqil®)l) é

2=P,c 0 s 0.865410°%gm/s from eq.(42)eq.(121)

z i component of the momentum of the compound
nucleus () =

14 ):omponent of
the momentum of

zi component of
the momentum of

the confined + the injected
deuteron at point Proton just before
O0F©6 fusion at
eq. {) 118)
T =[0]+[0] kagm/s from eq.(83 and 122)
T = O0kgm/s
1 = Pcycosy=0kgm/s eq.(125)

f. MASS OF THE COMPOUND NUCLEUS

V. M=mg + m
[3.3434 x 1G7] + [1.6726 x 1G] kg
5.016 x 10" kg eq.(126)
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