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a5 mass number. The stability of a nucleus depends on the relative number of protons

and neutrons.
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It is assumed that the mass of the nucleus should be

£ 'I”_I- N m,

where s, and m, are the masses of praton and neutron respectively
p
Here N 15 the number ol neutrons i Whﬂre
| z rodd ; Tﬂl‘
Expenimentally, it has been observed that (
real nuclear mass< Zm, + N m, Vo
The difference is assumed and real mass is called as mass defect.
(b) Nuclear charge : The charge on the nucleus is due to protons contained i, it
The charge on each proton is + 1.6x 10 9 coulomb which 1s equal in magnitude 10 the M
charge of an electron. Taking the charge of a proton as one unit, the total charge o g,
nucleus is numerically equal to the number of protons. For example, a h}'deEn
nucleus (£ ¢, proton) carries a single unit charge. ¥ ¥
{¢c) Nuclear radius : Nuclear diameters can be measured in a number of ways
Rutherford, as a result of his experiments on o -particle scattering by thin metallic foils, §
concluded that the distance of the closest approach of the a-particle to the nucleys o |
the scatterer can be regarded as a measure of the size of the nucleus. He found this
distance of the order of 107" m. (e
It has been observed that volume of the nucleus is directly proportional to the and 7-
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where n, =C [EJ . C = proportionality constant

Here 7; is a linear constant and has an average value of 14 x 10™'5 m. A4 is mass
number of the nucleus. Radius of the nuclei of few elements are given below :
bon (A =12)

-~ r=ldx107" x(12)} =321%107Y m
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_— (e) Nuclear quantum states :  From the study of artificial radioactivity and a-
snd y-ray speetra it would become clear that every nucleus possesses a set of quantum
qates in @ corresponding number of discrete energy levels. Transititon between
sifferent nuclear states are accompanied by the emission of y-rays.

(f) Nuclear spin (I) : Both the proton and neutron, like the electron, have an
nirinsic angular momentum, commeonly referred to as its spin. The magnitude of spin
L — : s !
; angular momentum’is 5 i just like electron. In addition, the nucleons (protons and i ‘
L
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neutrons) possess orbital angular momentum due to motion about the centre of the

il aucleus. The resultant angular momentum of the nucleus is obtained by adding spin and g/ "
orbital angular momenta of all nucleons within the nucleus. In general, the total angular k ,

momentum of the nucleus I is referred to as the nuclear spin. Corresponding to total .
angular momentum quantum number /, the absolute magnitude of total angular \
B
!
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momentum is A [ (/ +1)]"2. The value of / depends on the type of interaction o

the nucleons. |
(g) Magnetic dipole moment of nuclei () :  We know that a charged particle |
noving in a closed path produces a magnetic field. The magnetic field, at a large
arde mwitmagnetlc dipole located at the current 100p- The
an associated magnetic dipole moment of 1 bohr magneton
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Q=

smic number and Z e1s the total charge on the nucleus.

It is obvious from this expression that
(i) Q0 =0, for spherical shaped nucleus, 4"}){* (y
(

(ii) @ =—ve, for ellipsoid (a > b), and
(iii) Q=+ ve, for ellipsoid (b> a).

where Z 18 alc

3.1 NUC[LE_f_’}l{ELIQUIp Q_ROP MODEL
To account for the prominent aspects of nuclear properties and behaviour various
.ar models have been proposed. Firstofall, we shall discuss the liquid drop model.
scording to this model, the nucleus is similar
i.¢., the nucleus takes a spherical shape forits
cal enclosure like

n
This model was proposed by

10 a small electrically charged liquid drop,

stability. The nucleons (protons and neutrons) move within this spheri

molecules in a liquid drop.
_The motign of nucleons within nucleus is a measure of nucl
molecular motion of molecules in liquid is the measure of its temperature.
The nucleons always remain a constant distant apart and share amon
wtal energy of the nucleus. The nucleons deep inside the nucleus are attracted-fromal
sides by neighbouring nucleons while those on the surface are attracted from one side
only, \
¢ Sphenc lace which encloses the nucleus may be regarded as analogows®
Ids a water drop to the evaporation of particles from a fiqut
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3.2 SEMIEMPIRICAL MASS FORMULA
*

_ In 1935, Von Weizsacker expressed the atomic mass of a nuclide in terms of the
series of binding energy correction terms with the mairf mass conmbut.mn &u_m proton
i . ifi 8 18 known as semiempirical mass

and neutron. The modified expression of the mass is | o
formul r on this formula was modified by Bethe and others but the main outlines
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(vi)” When a small drop of liquid is allowed 1o oscillate, it breaks up into tweo

smaller drops. The process of nuclear fission is similar in which the nucleus
breaks up into two smaller nuclei,

erits :  Following are the merits of liquid drop model -
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(2) The caleulation of atomic masses and binding ene
accuracy.

However this model fails to explain other properties,

ied in describing nuclear reactions and explaining

rgies can be done with good

same. Yhe mass of neutral atom can be expressed as

el

in particular, the magic

M*=ZM,+NM,-B - ()
_"N{,WM# Wi AR
e i b

A

wih




Engineerin

g Pl
. ” p,mq
i  p=iby +6:1 E, +E, 4 E,

.r:.rc volume energy correction, surface energy,
espectively..

(2

o - .- . Cnu]
i -‘LI, . -!"I . i -'““-l l:'];ul l}:lil'*"ﬂ L-t“_vrg?r I - pr. th
eed to find out cnmlrlcﬂlly the va u.es of these energies ,

all '"“‘".L tton E, LI has been experimentally verifieq the
i [;|1|:||.l\',ltl.'|.£'|n.'|_\-' constant over a Wid_c range of 1 the
on we may assume that the total binding Py

| number of nucleons A m i, e,

where £, s
encrgy: :lu_\llml{'tr\ encerg)y
Now we sh
Volume energy ¢
ergy pet m
pprox imalti

» cleon 18
hindhing €n '

aumber. To @ first a s
'-1-npu111m1.-1l to the totd

E v A 0o .|lJ = HI.,‘I

."11|'"]L‘1I-'\ Is ]
~(3)
at u'lt

Y

e, ‘D‘Ea

_ .n undetermined constant. Here subscript U is used to show
where @, is & he binding energy comes from the entire volume of the nucle
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reduction in the total binding energy of the nucleus. So it has a negative contributig,
The number of nucleons on the surface are proportional to surface area of the Mucleys
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and therefore to r>. We know that r = A"~ where ry 18 a constant. So, the number 5

} . Hence,

aucleons on the surface are proportional to.4% <
2/3
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where a_ is a constant.
Surface energy is just analogous to the surface tension of a liquid.

Coulomb energy E, :.Coulomb’s repulsive forces are produced due to the
mutual repulsion of protons which are positively charged particles of the nucleus. Dye
o these repulsive forces, the binding energy is decreased. Assuming that the nuclear
charge Z e is uniformly distributed throughout the nuclear volume, the electrostatic
polential energy is given by 3/5-(Z%e’/r), [because we know that electrostatic

potential energy of a uniform spherical distribution of éharﬁiis given by 3/5 (¢ 1K),

where ¢ is the total charge and r is the radius of \ .
: s of the sphere]. A
proportional to electrostatic potential energy, h Spnere].\fhe Coulomb ropsias
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The formula is not exact expression but is fairly valid for mass number 4 > 15

|

’ 4
.3 THE SHELL MODEL

AW to shell model, thenucleus consists of a series of protons and neutrons
Placed j in mm levels or shells just like the eleetronssin the diserete shells of
o Pauli’s Wnﬂtple two protons with opposite spins and

s are accommodated in a particular shell. In this way
stons and two neutrons and 1s mre tightly bound
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From our investigations of the nucleus. we can say that nuclear forces are strongly

attractive and they extend over a very short range from the centre of the nucleys,
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whete R is the radial wave fum:tinr.l and £ is the energy eigen value. Here the same
quantum numbers, n, 1, j, m result in shell model is an atomic model.
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orbital af}gular momenta. So, the total angu
nuclei. 1 his ha_n been observet! with no exception. Now consider the case of
odd-odd nuclei."They have an extra proton and an extra neutron. Each has an
half-integral spin, Therefore, they give rise an integral total angular
momentum. Similar is the case with even-odd and odd-even nuclei. Thic has
becn experimentally confirmed.
Merits :  This model has been successful to account for the magic numbers. The
model has also been able to explain the observed angular momenta, magnetic moments
and electric quadrupole mpoments of nuclei,
Demerits :  The shell model fails to explain and account for large nuclear
guadrupole moments and spheroidal shapes of many nug:!cil. ; :
Both the liquid-drop and shell models account, in.thew different ways, a number of
| observed facts and properties of nuclei. But neither is entirely satisfactory. Recently,
E- #liempis have been made to combine the best featqres of each n!“th‘ese m:_:rdcts and some
success has been achieved. The resulting model is known as “Collective model .
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INTRODUCTION TO PARTICLE ACCELERATORS

acceler device built to accelerate (i.e., to increase the kinetic

<= ..,.,; j,,_,,_,,___,.,. asdo give M desired energy. The maximum energy
LS le depends upon the type of machine. In present days by
of hundreds of billion electron volts (B.e.V.) have
- rlimit to such high energies of particles but it

ance g the machine that limits the highest
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nuclear forces
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Types of Acceleralors P ¢

Accelerators may be divided into the following three classes : eyl

(@) Linear, (b) static and (c) circular rem

cyly

(a) Linear accelerators or Lineac : Linear accelerators can acceler,
maximum energies of 40 GeV and 50 MeV IESPﬁCIiuﬂ{e
¥

electrons and protons upto
(b) Static accelerators of Statitron : This type of accelerator de be @
¢ . . mands the
production of high voltage so that an atomic particle can be given energy upto 1) acqt
electron x'fjlts. The example of this type of accelerator is Van de Graaff generatgr sele
(c) Circular accelerators : In circular accelerators, the particles are ElCCE]El‘:;[gd lesy
while moving a spiral or circular path and the energy is given to the particles in serieg e
Sucoessive additive state. They are further classified as under : ’ on’
accﬂfg ?awmc.f cym.!armn or fixed frequency cyclotron : It can be used fy tube
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(iv) Electron cyclotron : This is madjﬁ% d ons upto energies 300 MeV. |
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upto 10 GeV proton accelerator which gives proton energies
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Nuclear Physics

According 10 the applied freque
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Let, a positive ion leaves 4 when tube 7} is negative with respect to A,}:I'he ion will
!  beaccelerated and on cniering in tube T} it travels with uniform velocity which it has
' scguired duning acceleration between the 2ap A and tube T,. The length of tube T is
selected in such a way with relation to the [requency of oscillator than when the ion
| leaves tube 7, , tube 7, becomes negative. (This is only possible when the time taken by

, the ion travel tube T, is exactly equal to half the time period of R.F. oscillator). The
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an accelerating field, i e, it
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the tubes and frequency of R.
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IWo tubes. Finally, the ion is emitted from the final
tremely high velocity.

be the maximum voltage of the oscillator, then the
4.1s given by

Thus, if the lengths of
every ume the ion faces accelerated field, it w
& il passes through the gap between
dnifi tube towards the target with ex
If # be the number of tubes, K.
mcri}_-'a_cquircd by ion of cl

| 2
ng Vm =—mu,

(1)
i . . i 4
where m is the mass of the ion and v, its velocity while entering the »™ tube.
The time interval for an ion to pass through any tube
alf iod_z-—-L i)
=t=h pﬂ' 3 2 f

 the meﬂy of the ion when travelling

)

i W i --l"-
A - - R il
FERR LM i
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md eq. | 1), we havi

From eq. (1)@ . 1
| | ny V. | |
| fu H"l ] 1T .". -q_‘

i1 tubes st be

pmpmlmn.ll to | \u"l‘l -J} '\J':i\ -

il the dri
hi | '|'|'-|,|-Ih1'|| . I e (. o
i 2 sratonr 15 that 10ns gmerge as a wel| “‘lhmateﬂ

ike circular accelerators We .
: : . e Oy
with high speeds in cireulg Path,
14

1

' a difficlMy does not o=
Such y S ol dflsa‘n

1
ol the accelt

e chiel pdvantiage e Foids |

| m |', d0es

WAl

nse 1M .
v e[ecirons ) Moving
nergy by radiation

not l"l.'l.llHIL' e
1 charged partic |k“~{]‘;l|ih1||xl|1
== Tl . IT

iR crrcuiar ace alerators) lase enc
i< 10 Ll E

ncar .Ix'n.‘L'lL“.;H{'I!"\

W o R a l s s
n 1 ZINE F-,.|-t||q||]_-; 15 ‘il”.”l:” but a linear aci Ll{ffﬂ[;“ fq_
eI I

or e . .
4o the mass of the electron i

able problem because : i on i yer
a veloeity 0.94 ¢ where ¢ is the velocity of light The
at a frequency of about 100000 mge/s Would

The hinear .'I'Jl.'-..'|L“.l

electrons presents a considet

At | MeV. the electron has
are so short th

1
small
ransit times through the tubes
- As the velocity of electron approst | 3
. ctrons are of cavily resonator or wave pyjg,

hes that of light, its mass increases For
be needed |

this region linear accelerators, for ele

resonator type.

NUMERICAL EXAMPLES

Example 1. /na linear accelerator, proton accelerated thrice by a potential of 40 ky
feaves a tube and enters an accelerating space of length 30 cm before entering the ney
wbe. Calculate the frequency of the R.F. voltage and the length of the tube entered by
the proton.

Solution.  Let, v, be the entering velocity and v, be the leaving velocity. Then

l 1
2 'IJ'I_ :3}({;‘)(4”[}[}{] r
or U = Jmﬁx_{cm A —*(aH

—2 S tteai )\ \ *3'1’

= \/'Z_x 3% éf(ﬁj[] x'{‘?.’_’?_'}'hﬁ ? HJ?_
| A

=4.794 % 10° m/sec

X

Yy =5.536x 10° m/sec

N

C




A4y

V3 g, et
vell Colligg
lOrs “L"L —

m.‘c!'a‘r;imr for
Cliron 15 very
of lighy The
J mess Would
iCreases. For

Wave puide

al of 40 kv
ng rhe next
entered 51

Then

physics
¥ 3
. |F'M' 7 <x03 3<I]
3, 165 x ln®

pcy of R.F. voltage

R

II.rl-q lr - _I____‘S-Iﬁ"('ﬂr
2x03 =8608 s M2

e protor travel througl the NEXt tubge for haje A period w;
W\clﬂ’ ol

& Length of the tube entered by the Protons
| L =5536x 106 , '

2% 8.608 x 108
T 0.321¢ m

15 QYCLOTRON

wctinn

devised by Lawrene
Cyclotron was

ein 1932 The ¢

yelotron is shown in fig

aussts of two hollow flat semicirey]ar metal boxes
asists 0f (w0 hollc

g (2.1t

D, and D, calIed ed the ¢ dees on
D,

B Magnet
ee

B ot

[ —

Vacuum +
chamber & 8B,

Magnet
puh

(a) High frequency
oscillator

l
Fig. (2) : t

d by & narrow patallel
e b i L e

tween the two dees.
pcunnected: o Em
"T.H- ! '

tmatel}’
nd D, becﬂmﬂ
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working eitted from.t the source will be m.ui::rmp o .
at the [||11-. Lettl be .-'}, "ﬂnt.:. there 15 no electric lm.s\[dj_h
‘»L'l'ﬂ.ll}- u.lur)bﬁurﬂcs, a “Dnbtamlde ht
Tadiy,

¢ 11.'-111- Hh'l\ e W
ﬁL7 which s erpL‘IILIILLIn]:]r to the dee

Lht"
s
Jer Salluence ol ”1"11“
m {er the ] |‘=‘1 arity ~oT The -‘!"I‘I‘" |‘.~utu1tm1 1S n::vu:rt.cd (ie . the
tive 10NSs wﬂrag.lm ace the ﬂf_‘hdlive dﬂe and
'ih

u'n rnrhnmmp from /
TL\_ oW becomes negi lTI'-L'II the i'H‘\l
will be again uulu.m"l by the 'r[:l.tl in'the jr:.tﬂ__‘jﬁ'l{..t IhLE_E_I;l City is ‘"Ll"easm ug-
will 1mu I'I'll.'l\L '[hlul@h ”L_Lﬂﬂnb ul:.uhlr arc of greater radius as 5I1QWM
{Tere, the ime of ~of passage ta complete the semi circle in the tice remains the same '
D, If [h'. time of travel 10 D, i3 equi 1 to half the time eriod of the mullalﬁﬁ““&a
the pmqtm jons (ILL11[111|1L from D, WTTWTHH. rwcma_ﬁﬂif and hence, th
e gap D, Dy In this way, the positive lons move faster dnd? are
oach the outer edge of the dees Wheﬁ?ﬁ;

h.u,il.,l ated again in the |
moving in ever- u.\phuufmg circles until they r

1d 51r1rihc larbet Here, it should be ramtm

___E_d_iﬁﬂ

"-__-_..r—."_

are dEﬁutLdb\ del iLLT.U_L:ﬂL an

the time re wired for th ositive ions (o make one complet
same for all speeds aud is equai m rhe frme permd r)f rhe mui!amr.

Theory
and charge g moves with a velocity U in the magp
etic

When a particle of mass m
t’"eld of Tlux density B, then the radms 7 of) the circular path 1S gW
w-—_.r 5
AL = o
: (1)

For resonance between the a
pplied a.c. voltage and th ' '
ki : ) ge and the movin '
en by the particle to travel the circular arc within any of the deegs I:I?:lf::’ Mo
1st be equal of

1-.|T1'~\|_“’”“

The #3
jec uﬂ‘ 15 m:--“'“‘

ih mtv«l.lﬂl

the |111\1EI"-

half the time period ¢ of the applied oscillator voltage.
r_f ~
s Vo - ?"U‘t

or
For egs.(1) and (2), we have 2;5)_(_ %M_
‘ru=2—ExM_2Em i—
v q¢B g¢B .0

in Pl »the gebita
B m AT iﬁ'ﬁﬂ“ﬁlmh or the cyclotron frequancy £ois o b
:u' "M'_"l e - Jp 15 gIven Y
: 2nm - « 4

M;
m‘_ - ”lhe value of f, is adjusiet




thl

AWE .S
ﬂ:t kv CQ(&; %\T; (4)

given by (8%

ey my .- (5)

We know that 1 MeV =

"Ox19 " joules ”L_// _2..\ w [Ml_E"l Ny
‘ 8, =R O BY _amrion - Yy)
——— ’ XI(} ,:g %
Emk-l{-,h]n 13 ___-_ _m __,___Mcv
[,i'_n_:_i_lgﬁﬂﬂiﬂf(:‘f_lutrnn Fm ~ 1

—"-'.-_____-_-_
The maximum available
) due to the limited
_Hﬂ due to the

particle energy js limite uTa'f:%ﬁ
power and frequency

e nr'.a::: m:um Strength of the magnetic field which can be produced, and
(an) = FL*-.:; c;a{g_lh:ii articles emerging from cyclntmn 18 |’I_Ii"l‘!}_ed due m

atron o IT] S WIth ve l:)l:;lt_'gr zg o~ o~ 4
. srasee S

m =" n'\q- =~ Mo

ollowing factors -
of the oscillator,

where m; 1s the rest
light.
The frequency of rotation of charged particle becomes

2
g B {I—PTJ
g8 3

2nm 2 mm,

mass, m the mass in motion when velocity is

Jo.=

Thus, the frequency of rotation of charged particle decreases with increase of
velocity, Consequently, the charged particle takes a longer time to complete
semicircular path. Now the particle continuously goes on lagging behind the alternating
Mmﬁw Jkteached when it is no longer be accelerated further,

e Thaciliea e goiae s Tal = U3, varti ie can be kept constant by making

ic field B is increased as the

quen of applied alternating
m frequency of rotation




‘e > [
) We know : )5 :
pion o . "
solv : ’ y : ]
s valnes, We have
y (e Qv vil ; o
Substituting 857 04w (179107 )X 5 0.6043 weber/ 2
i 1.Gx 10 ¥
Exa ' suith a magneti field B =1 5 weber/meter = g s
|' 1 i '|r"|”-' v i . - ;
sl vadate the frequency of the oscillator connected across the i 0
s PN Ll TICe L | il ¥
i s given by
golution [he frequency of the oscillator 15 gIVER T,
; g B

|r|'| Y
2mtm

l]-'f”:_!ﬂ ll?)'[].f‘:}_ f_____‘_

d _’x_.?.idx{].f:?xlﬂ'”}
_2287x10° Hz =22.87 MHz

__Brample 3 A cyclotron in which the flux density is 0.7 weber/m” is used 4

“wccelerate deutrons. How rapidly should the electric field between the dees p,
. i -27
reversed? Mass of deutron =3.34x10 kg.
A —— s

2mm

g B

. Hence, time taken by deuteron to travel a semy

e IR

Solution We know that {; =

circular path

2l 4B
 _mm_3.14%(334x107")

Bg 07x(1.6x107")
=9.372x 107? sec,

ple 4 A cyclotron havin "radi
| g dees of radius 40cm is adiusted for ace i
vdrogen nuclei. The polarity of dees is reversed 30x10° i Ahsied [ GOSN

the issuing proton (Mass of proton =167 x 10’ kg)

f:l[l “m} : ‘?‘LVE

times/sec. Find the energyd

Thrmmmum linear velocity

] ‘--'. -.’ Py = is g’ivenb

SRR e TR X2 B ey Wy B
..J B f‘ - 4':. ;'.:M
< e

- TWAm)x2x3, :
ENT YA HAx30x° <7.536 %107 ms

¥ 49 'f'}&,s.(?.saﬁ x107)

" -

g 7 a OU B ngine ]
k é-t(:, q} j. }ﬁ_n_‘-} Engi NNHEPMY

P
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in a oer TRUT

le s
mmﬁp cgliris n. the may e radivg that the Path of dew;
have before it ix defle

W e magnetic feld ic Mgy

SR i
]

bl f} - J I']r \
Laiciare fve vooity of & WM Gt thiy LT L K )
What iv the e of de - / — P .
_: NECron in Mel Criven magnetic field 1‘#-.-. eher /m
ifasy O dewienon 3.4 x 0 ’\}!

gsolution (i) The velocin of

|
l'L'IIT{"I'I'lﬁ 15 given h_\, ‘I\l "V , (U v R
fea

'-"'_'qfq 4

T
m :
Here, ¢ =1.6x10""" coul.. m = =3.34 k gm V | *{—U—G )?\f
r=20em =02 rm.tn' m
5 =1.5 weber/m? g LY L 6x)b #
s fr;h_“‘_ﬂi'li]xi 0.2 ; L . A"j*}
8.34x10°21 - 1.437 < 107 m/sec. $ Snie ’
i) Enerev of the de —I : E : : jA
(1) Energy of the deuteron o mu j My
] I A 4
;:><3_34xiﬂ"-?x(l,43?xlﬂ?]' 5
=3.449x107" joules

3.449x10°13
:—jf‘:_’l‘_ﬂ%_ehz.wﬁxm%v:z.:sﬁmw |
b

gaﬁple 6 wa magnetic induction in a cyclotron which i

t 1Sweber/m*. How many times per second should the pare-mmf across the dees

reverse” What is the maximum K.E. of the proton if the diameter of the cyclotron isl m?, |
Mass of proton = 1.67x 107 kg, 6 g 7

=+~ 3 RE -~
Solution The frequency of the applied P.D, is given hy {} !59{
y-Bg .  15x16x107")
" 2rm 2x3.04x(1.67x107)

Is accelefating protons is

2m

,=22.88%10° cycles/sec = 22.88 mega cycles/sec,
“"Wﬂ‘hm is given by

(1.5) % (0.5)

A

e st s Vi !

Sl




12 |;_!||IL'?"

312x 10 2 26.96 * 10" eV
19

16.96 Aed |

rerated in @ )" Jotron with dees of radius 40 ¢, and
Aeraled .

Example 7 Protons .Ja.':{Li':mmﬂ””; is 10 mega )i le per second at I{}‘Q{m Vol | EX
s ree i __r - o . - -
2 squency of Y .werr?jm field B (b) »}u'm!mm’ fc) K.E r:f JJ:urlrJti. 3 ,ﬁg
wlate fal -.f.-ll.fl' ”il'i.i"t_.”f- { ‘ I [I--J
:f IH
: : e w that, e
solution (a) WE kno 2m B y g0
yamifa 2% 3.14 I.'].ﬁ?i}ﬂ i }_(]ﬂx 10%)
fe=s W) |

= 0.66 "nr"hr"n.al:nen’lnc:tre1
(b) The velocity U is given by
gBR
m -
 (1.6x107%) (0.66) (0.40)
o 1.67 x ICII_”

=

 =25.29%10° m/s

1
(c) KE.=—mv
c) 5

=%.:1.6r7!><u:r”)(25.2«;::.4(1'5‘)2 joules

1 (6.67x107°7)(25.29x10%)?
z eV
- 1.6x107"

=3.338x10° eV = 3.338 MeV

ple 8 A cyclotron with

dees of radius 2 meter h in fi
0.75 weber/m*>. Caleulate the as a magnetic field o

Maximum energies to which a proton can ¥

2m -
6x107"%) joule

accelerated.
Solution Let, £ pe radi
us of the outermost orbj ~
particle at the iy 5 orbit, then maximum energy E,, of the
. time of leaving the cyelotron is given by A
i SR R? g2 p2 = i
T e fn -0/ §K

EE
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For proton m = 1.67 x |2

" kg and ?=1.6x10"" coutomb
£, = DX 16x10-%)2 x 0,752
2x (L67x 1027y (16x10 1)

= 108 Mey
3 En‘lmple 9 The radius
feld and radio frequency

n-;fw-m-fr =6.643x 10

of the dees of evelotron is 0.
fo accelergre anw-partic

Sm, Find the required magnetic
F]
kg and charge

le to an energy of 20 MeV. (Mass of

ona-particle =32 x 10~ coulomb)
- L
solution K.E. 01"-:1~par:ic1e=1mz"1 r = mvV
‘ 2
. e 2
Given K.E'.=2{}Me\»’=(20xlﬂﬁ]xfl.ﬁxI{]"g}joulezC; < e T = . te
. - "B Ven )
20 10%) x (1. 19y _ 1 245 2 2 T
: (20 x )x(1.6x10 ) 2x(6-ﬁ43xm Yo -Q@ - \
|

o? - 2% (20x10%) % (1.6x1071%)
==X )x(1.6x1077)
= 6.643 x 10"
v =9.815x10° mysec. T
_RqgB

Solving for v, we get

-

—

——y .

vm !
or" e

m Rg

Substituting the given values, we have % m Vv Tl |
v J

B = (9815x10°) (6.643 x 1072*) ““a / R 2.

(¥

(0.5) 3.2x107"?)
= 40,75 Weber/m 2

-
—
4>
The frequency applied is given by ‘6 F‘M_,J
_ 98 _  (32x107)(40.75) > R

/o 2mm 2x3.14x%(6.643x107)
=3.125x 10° Hz |
e MQ{W kV peak value and's MHz frequency is usec{
eam of ions of 2 MeV is obtained. Find the maximuni
s ’ dees and the strength of the magnetic
rine the radius of the dees.




E Hgfﬂfeﬂng P L ' ' ‘dh"‘
Mysiey ¥

«{
g ' )
. 3.14x (5x107) _ 3491 Weber/m
B=—"g9x10" | gﬁ&t
B € Vipax ﬂ.u’{
| I,.|!1_|.‘.‘ l " 3 } ::'” outw
1 5 i ]rf e J'-'”l.h. lsi
.|’.-..1mt"'.~_h m J = pi .
.' . (2mE)
- 4 m Ilr' of Fmax — _f; y_ E \
g e e -
L ST ,
J2x(.67x10 Myx(3.2x10 ) _ 58.45 em ”
max =~ 3491% (1.6%107) ﬁ cor
NCY i
3.6 SYNCHRQ@YCLUTRDN OR FREQUE pol
 MODULATED CYCLOTRON
. ¥ t ¥ 4 SuT i
PnnTcr:-.-!]rfsnnance frequency of a cyclotron 1s given by
D) | :
We know that the variation of mass with velocity 1§ given by

[I_E;J PR
5 = .

If v=08c the »/c=0.8 and m=1.66 m,,.

Thus, at high velocities due to relativistic increase in mass, the orbital frequency of
the particle is decreased. The particle gradually goes out of phase with the appliedac
voltage whose frequency is constant. It is, therefore, necessary to provide corrective
measure$ to compensate the decrease in frequency and to keep the particle in phase wih
the applied a.c. voltage. The compensation for the decrease in frequency can be madei
the following two ways :

(i) Keeping the value of B canstant, the gscillator frequency is decr 1) 16

podl 4 . orbilal frequency of the particle. A device which adopts B
15 called Synchrocyclotron ot requenmméﬁrm' :
i T UL -

| Elmmm flux density B may be increased to that B
i R . & T

&

/B, Prare (s &5

: ) .'t
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| 2 Comparatively smal| voltages ma

J seater efficiency of high requeng

£ {3 The gap between the

’ flux densities to hr.ﬁht;mwd

(4) The pole pieces can be

¥ be needed

¥ oscillatog May h ah
magnetic pole pieces

ACTOSY the
lained

duced thus pe

1_i1:f_- gaps. Thus,

rmitting high
Suitably shaped 1o

wrwards from the centre, thus ach

pProduce a flux densii

¥ decreasing
Ieving good focussing

of accelerated particles,
lhﬂd\-antagﬁ

Followings are the disadvantages of syne

hrocyelotron over cyelotron
v)‘rﬂnl\ a small number of particles can be bronght i
eadILLS and ¢ nergy

the orbit of maximum

(2} Output of the particles is in pulses

Construction of Synchro- Lyclutrun

The Bcrke?m u.mhmn clotron is

shown in fig. (3), It It has a
pole diameter of 4.7 m

huge gnci with a
and nelghmg 4000 tons. The mciigghllun

frequenc}f 18 12() Hz.
Elector

|
Fig. (3) Synchro-cyclotron
This is produced by a large mta!mg condenser that forms the part of capacitance in . ;
circuit. To ertﬁr. scaftering of ions J remdua_l_&ﬁrpo\haculcs thapressure
{__M IS reduced to quut TT‘ cm of mercury Eac over To" ! |
: olutions bcﬁ}re attgining maximum ener Here a single dees is empluyed. 'I‘l'us 1|
nl;ckmhﬁich more ¢ accesf:yﬁ?f? experiment. The gjector plate wél_:i '
ulse deﬂccts the ion "'dups on to th turgc't‘fu Efﬁgﬁﬁa}a . |
P VE{E@M |

en cyclotron and synchrocyclotron :
hrocyclotron there is only one




3.22 CHROTRON.

- tes protons t
chine Wi which a accelel‘a 5 P O energy iy, g

; SYN . 2
o synchrotro” 15 agﬁ:lt} “The device uses a ring shaped or dough

ﬂn } o e n
[TI"'PMI | billion ’“ILLmﬁu m—ﬁ:- installation at Blrmmgham n

- el I g —— .
m“g{:@b g 'HiI"lT:UH i America, Here We + shalldescribe the Arn:n% ‘
vacuul in installi T

n

]‘{lik F, rugll

race-t
design
tion hich is in four quadrants as shown j
( “nﬁtrul ¢ I “ng \I‘til['JCli I“Hg]“:‘l W hth 15 I‘_r!- g et In ﬁg. [4}
- 1:1\1‘:“ Ql < - J ~- "
| l[ (e =
- G
Fd
f - L
F -
i '3
I ¢ Proton

f

path
l Accelerating  Magnet 2

lectrodes
. § Proton

injected
lh\ Doughunt
] %
ll'||. & /
"‘-
j iix; Target

Fig. {i)

he fo nts are.spaced by stralght sectmns A time varxlng mdgnetlc field is
db I 10 '
produced by app gmg ac. voltageTo md@ﬁﬂfﬁnggnet The protons.

injected by a lipear celeratur or andeG aaf‘fnera ar into the d

hefweer lMeV and ) MeV). injection is tangential to the orbit of rin
e e 3

douglmut Al gh eqUENcy resonator cawt}f accelerator (two electrodés connected to—

BT fréquency genérator) i 1 parﬂ
Oparatiun ks

| pre-aocelerated tons (1-10 MeV) are injected i i i

g5 lerator, nder the influence of magnetic ofc
s acuun S, T €ach revoluion the prarons 4i¢ AGEEIe

> CONnag : ' frequ Ile eneratﬂr h
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Nuclear Physics
3.8 BETATRON

Betatron is a device for Speeding up electrons to extremely high energies with the
pelp or_expandmg magnetic field, The hc}éTﬁircﬁi l155‘|'m¢.:tp|iv.;-. was incapable f
gecelerating the electrons to high Energies because of the large relativistic h;::me D:‘
mass at low energies. The first betatron was constructed by Kerst at the nnwers? ur
fllinois (U.S.A ) in l‘?ftﬂ. This was Capable to accelerate electrons to energies of 2 H}'ﬁ;
A model mnstmuleq In 1945 was capable of accelerating electrons to energies of 107
MeV. The betatron differs from cyclotron in the qunwing two fundamental respects

(1) In betatron, the electrons are accelerated by expanding magnetic f'u.;tcl |

(i) The circular orbit has g constant radiys, :

Construction
The gonstruction of betatron is shown i fig, (3). It consists of highly evacuated
rube l‘““"ﬂ‘_ﬁfﬂ?ﬁﬁ"“f chamber: This chamber is placed between the poles of an

* | Electron Magnet pﬂ}a\
M
saa Central main Eh
w flux w Doughnut
w Yvyy W
o M 0o
Magnet pole 2o
Electron M
Doughnut agnet
ol winding
Fig. (5)

glecnnqmﬂ:_e_g_:gggihtgq by an alternating cu uency 60 oLLB_OJiz.Th\e
poles of electromagnet are constructed in such a way as to provide a more stronger field
gun and are injected into

1o the central space. Electrons are produced by electron
) inning of cycle of alternate current in the electromagnet. The
r the

lux gives Tise 10 a voltage gradient (elecimic T .
celerates the orbiting electrons. This Tncreases-the e of the
ik gt s g o & nergy of the

(1] L LY

. . 3 f3 :
The princig afron i ne same as that of a transformer in which an alternatin
ent applied-to ry ¢ an alternating current in the secondary. In




The electrons now make

ations and gain energy. When
field has reached 115 maxlmum Hﬂlﬂﬂ;h

cm"l‘*"[é{j'uﬁt from their orbit. Either they
P Id_P_ roducg A-rays or emerge from the

nd pre ATy S —
Tﬁmush a window.
ondition : _ .

EE.‘?.'L“ E"I it of radius r in the magnetic
Ang In @ circular ¢ o , g i

mo\ ngﬂ at any instant, B be the magnetic field at this orbit and the total magetic

:i:iigﬁ The orbit is Pg. The flux @ increases at the rate Ef d-:I?B /dt and the i,

em.f. in the orbit is given by S
Dy EM\B T d@g

Injection

‘onsider an electron
Cc Mot

induced e.m.f. = - _cE- by
Work done on the electron in one revoluﬁan = ihduﬁfgi e ._rn,f_ x charge
S . —dw, e
o R L e Glfﬂ XQ-: ‘
TLiLW_Ufk_dGPE_E!!J_S_t_bg equal ta_the tangential force F acting on the electr &

multiplied by the len f the orbit path, i.e., ‘.

Work done = force x distance = F 2nir () =X 3.1, |

i -
| SARRCS S h_d“(f?;- . sz’()‘(,k r
' C

or

~ This force F will increase the electron energy and which in -

increase the :rb;ﬂtw of large radius. In order to maingtyain the radius nftrhr: ;ﬂ:ﬂ{mm
mwy iy ma:s ” :levc:'hh‘m ::I:St be counteracted. Suppose the velocity of the electron
Wof | ; 'nd' hen cl@_t:ron moves in an orbit of radius » under the actionof
ieid of magnetic induction B, the inward radial force B e v is to be equal to the outward

| wmw’m

"

o Qi@
= v = In

_ _ --'-l'_ﬂwral_eufcwvf
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-n-d!.:f?_.__r d 3.25

|ntegrating, we gel

di cbﬂ* ) L
ﬁ‘}t, Q

This is known as betatron condition ok 5)

Nu

MERICA],
1 rﬁ{" m,;zgngu'c‘ﬁrux - EXAMPLES

thin a stapje ,,

g 1S Wb/s. What sy g 5 a;bfr in a betatron changes at constan;
o -3 ci (b . LS L‘)b g an e!ecrrfn whig: undergoes |("
oltio ‘__ : W= ARt @)/
jution We know that i i
Creases ip “hergy per revolution
= e dd,
e 7 Joules= -a—r;'- electron-volt
‘ =15eV=15x10-% pmev
Final energy of electron after 10° revolutions
’ =15x107° x 106 = 15 Mev

Bample f Ina f:-ermfn betatron, the maximum magnetic field at the electron orbit is
i5Wo/m*. The diameter of the stable orbitis1.5 m. [fthe frequency of the alternating
aurrent through electromagnet coils is 59 Hz, calculate the electrons;

i) final energy

(i) average energy gained per revolution.
Solution (i) In betatron, the acceleration time is equal to quarter time period, i.e.,
¥/ or /2 second. The total distance travelled by the electron is ¢ x ©/2  because
' velocity is nearly equal to velocity of light c. If R is the radius of the stable
i, then number of revolutions N made is given by

”ncnﬂm: c 3x10"

L

=3.1x10°

 27R  4@R 4x@rx50)x15

:(treated relativisticall
..'-:-l['. )"r- iB :‘. _vf 7 "-}i}

e Zagsn ;

| _— i
b st S E&En %ﬂ@ ~f€kdf§
ar /%=2m1§£
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3.26 5
Nuf‘LEAR DETEC I'ORS |
Jg ———] i1 wiich are used 1o detect m_tcla.:nr radiations are called - L
The :|1-<I|"u|11-.1? " detectors 18 m,ﬂ:n helow clear
jetectors A list ol puclear ¢ ele
detecivia. © ;
' ﬁmf:_nrfm: chamber ‘l
A p F’r-upnr'rr'nm:f counter :
3, Bubble chamber
4. Joud chamber
.
A Scintillation counier |
- ‘Semiconductor counter ‘
7. Photegraphic emulsion |
.8 Spark chamber
9. Geiger-Muller counter, etc. ;
Here, we shall discuss only Geiger-Muller counter. l
3.10 GEIGER-MULLER COUNTER |
B L Y ___-______-__G-- I .II
The f_x-mger-MulEer counter consists of a fine wire (usually tungsten) placed alons |
the axis of a hollow metal-cylinder electrode (cathode) enclosed in a thin él—iﬁ_ﬂs._tﬁh.eg ;

The tube contains a mixture 0f 90% argon at 10 cm % e
a mixture of 90% argon at pressure and 10% ethyl alcoho
%;IL at 1 em ,;.ressurmemm mixtures of gases at different pressure a%ré ‘ﬂ;;d"l
J:I" r§m1 desngr{s. At one end of the tube, a window covered with thin mica sh 53
(Fig. 7) is provided through which the ionizing particles or radiations may enter ':1]1':1L |
¢

tube. A d.c. potential of about 1200 volts is applied bet :athode and the wire |
i s il = € Wire

Gl
lonization asf REh

radiation [ T To amplifier
and scalar

Fig. {7) G.M. Counter.

value of the voltage is adi
DS T ‘j%- adJl}Stt‘.d to be somewhat below the
Mixture 2N resistance 7 is cuqneciw

ler, it jopizes the gas moleculss. |

mh T
electrode aitracts ¢
- - —- —
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Physics
ele”

: — i
nts. e
L—rémﬂ incoming particle
¢ Ine E Cle seryey the py

« cocondary L*imj.-mm. The elegy
! at. The pu.‘iIIIE'L‘ rons Move muo e.
iruuud the anode for a short while.
qrodes 10 a very low valye becaus
1_11:&‘]-;1-.:%1! therefore, stops. In this
sance R This curren Createg E; i : ner'l'llllse of eurren

jfied and fed to ‘-‘Ullm':frcir::uil.'-ai?sﬁg%@ﬂ]—- differences 4Cross R. The pulse is

eld near anode.
t flows through

f ® . - " -
Wiage 1s further increased to about 1200 volts, the number of impulses remains A
@_certain region known as plateau. In This region, the magnitude of | |

ber of incomin ik = Ncomin _amc Ot : 1=
e U1 ShSietne Counted. ol Produees a pulse, hence, |

G.M. Counter e

The successful operatign of

es. Fig. (8 ds upon the pro er voltage 1o h it |
e
e T '€ as a function of voltage T 1 it
o | Thresholgd H
g| volta .
E ¢ Plateay Continuous discharge ] .
i r region i
& : .= E |
g A iy : H
8 ! i~ Proportional region |
1000 1200 1500 R
Voltage — 1
Fig. (8) % \
m; from the {i_g_t.tre t‘hat if the voltage is less L there-is no discharge, ’ E
‘e nosecondary ionization. When the voltage is increased, secondary ionization takes : '
' Now the number of impulses increases almost linearly with applied voltage’ As :
discussed, this region is most suitable for proportional counters. As the anolied |

je amount of original iunizgtinn and is a function o

tance R apd geomefrical condition_ef apparatus. This
suntesalf The voltage is increased above this region, a | |

Chis is undesirable and hence, avoided. ; )

— il
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as low ionii ;Euonﬁ_gggglml (11.3 eV). The
urney to the  the cathode are practic e

apour i ll!g_.tll,bfp%‘;ﬁmq ﬂ’ﬁ‘fﬁn their jO

L o L .

i mmnnn‘[? ] an electron_ from i the alcohol m | molecules. Now onl alos

1!!1:1'i?t‘d —acquire L[cctrml'w frnm Lﬂlhode and becomes ¢

ner Ni'll'!dt ”‘IL‘\ ey - rﬁ' ne Ta| ‘
he alcohol *olecules st FDHSE&": “Kinetic energyyet iy

1o '*
(FTALL Nt
;T'"".“["\] n'u,riq.mllh_«.1 -:n'-m-[:” ;.h.ul“ﬂ dl'-‘l'““ and nol 'Fnr"’ﬁ‘!f.‘ pl’UdllCll{)n €Co .
cratit he pm?buTny ol nmmumm avm i
g5 |

M di""“’
;td o S “athode. Thus.t
u_ulﬂ“‘“

1'\\ Ll.l
ey

ITiding vgth
Counting raze |
' The G.M. Counter can munLabuul 500 particles per second. The counting ry '
depends up-:)n (i) dead time, {11‘} recovery time and (ii1) paraly “m
moving positive 108 take about 100 rnumsu:oﬂdb to reach the cathode. This fimes, |
fhie tube during ig this time, it ﬁm&

Known as dead fime, 1T a “second pdﬂlul |
recorded as the potential ntial difference aamss t il
the Iuhe “takes nearly 100 mn.,rqaccunds befﬂre it regains its Ungmai - km
conditions. This time interva The sum = g g ~ ‘
!

| is known as recovery nme
recovery time is known as paralysis 1 time wﬁlch of course __,1_5_20{] mrcmsemﬂd‘g—m
tube can respond fully to the The second incoming particle a

after 200 microsecond. Thus, s, thie
fube can count nearly 5000 particles per secand

e enters

he Llectmdes is very_lc low After dead yy
..___ﬁ_l'_l_lt;_{

Efficiency
‘—t—_'_,__——""'
The eﬁ" ciency of count is defined as the rate of the observed caumsfsec to the
"_a....‘

articles entering the counter per secana'

n
 The counting efficiency is defined as the ab i

. Ic1er ility of its counting, if

% S Ly g, if atleast an 1on-pair

Counting efficiency n=1-exp.(s pl)
where s = specific ionization at one atmosphere

= pressure in atmosphere

[ = length of the ionization particle in the counter

Th
. eG . quntcr l: very usefui f%&s It can also be used for
gy ¢ used for counting .- particles due to their lov




Phvsics
yuclea”

y Tosl number of elogiony Collecteq |
in

Al one mip,
| n smkm!*ﬁxmln X) - m
al Charge/min = p ¢ (x10, - = &
*Ubxyg10 i R S———
a:.a {‘Imrgu--'mmnnd - !_5 * 10" ltﬁulfmin, 1 e (-" O
..? —-.____q_]_{].ﬁg]ﬂ 4] s
& 60 L3310 Ay

. charge’second give
ow. charge Bives the ay :
N erage curren
Average count = 133> 1910

A Amp.

: e2 A self-quenched G.p

& PP The radius of the ... e" Operates g1 :

, o 107 counis x _z.m' is the Maximum radial field an e oo wmf:ml'anree life
. jiis used on an aver age for 3() hours per week ar 3000 counts fr ' E;ﬂuﬂ'flr last

B #‘, fo a year. PEr minute? Assume 50

S

solution The radial field at the centre is given by
ol ot P 2
K T T
rlog, (b/a)

1000 ir'i

0.02 x [2.3 logm 2x107%/107* )] : ®
=1.89% 10° V/m ‘
Let, the life time of the tube

be N years. Now the total number of counts recorded
will be '

N x50x30x60x3000=2.7x10% N

According to given problem
2.7x10° N =10°




e plates, it fol

- %’"Enﬂk icle leaves
(4) hﬂtﬁ%}_ﬁ?;ﬁo_ﬁffwﬂle is given by

-es a foree fiE

mngrnf tot -

4 [ dy ] o i;_ “« wilx

} — - s =] B 3 =

{L',\,'-tg = C}? s [J.r o 2mv,
o o .
El
. ' muv, |

TR m l |
od in cathode ray tubes. Vu 3
e

This principle 18 US

We shall consider these points in detail.

(1) Motion in Uniform Electric Field.

0 ider the ;:Fa_.se ofa chari;‘e-t‘:{hpart'_@f pf@ﬁmﬂ_‘ﬂ}iﬁiﬂg a-;@gigm\
glctric field of ntensiy E. This xperiences 2 force E gven by ¢ E. The aceslerg s
oT e particle in the direction of F is given by =

s
~Force
r (- Force = mass x a
mass ccelerati

. IF ik *
- m m 1) r
= e velocity v of the particle can obtained by integrating the above expressip

M~ G/E G

i SR
'F:iE -
Lgi+c, & ™ -

.!”

s

f
I where C, is constant of int i S
il that st =0, th egration. T_'D obtain the value of C
{-| u=C, Substi ::1 :i:alﬂthty v lc-f the parlhcle is its initial "’Eloﬂit;;’ sz apply the condition
i g the value of C; in eq. (2), we get h ke, V-
: v "‘*% Et+u
Further, in A3

mgtm‘uﬂ & | |

'i'.u(
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. relation gives the
%‘Tcﬁr wisal

L b ™ o i m?_
e q — 2.
- WA e
) Motion In 8 Perpendigular grgoyy s
a0l P e direction of electrig fieiq i L P
E' 0 * kT@W__"-‘. is Eﬂf:?'lff_'ﬂ fave Cular 1o (e direction of motion of the
o N fmass m and charge ¢ enters .
‘Wi %_L’ 2 o IR T anallel plates 4 and BTsee fig. (91

'8 1<
P 2 k I
C'II ___________ _‘-llf“_ i_“ _;' -
Ve X ‘% ——— l !
l:—_-:f:_.:?_‘_:ji-‘a |
Fig. (9)
gong A-axis with initial velocity U,. Let the )

plates are of length /, separated at a
volt. The electric field E = -E acting
B'@xis' Thus, a force ¢ E acts along V-axis,
ol Asthere is no force along X-axis,
SR e will b . Thus,
iy b U

.

the time taken by the particle to pass through the

E .
-

P,

R

oy =
&




T T R T _
E”gf-ﬂ Eerin P, '

Fi
qcceleration % e
| ;
v,
S — F
AR
" [ Imv, wrhﬁ'f
I il 3pp'|.
= constant X X --.{4}
: P -2 charged particle bet
This is an equation u!'p;lmbﬂla.__lleuﬂi:, the path of a ged p etween the
olates 15 H}Eﬂﬂdln in X-Y plane. ‘ L ol
hen tl . particle leaves the plates, Jt follows a straight line pati W ich is tangep,
When the pé i =t - .
o the parabola. T he angle 18 given bY L,
\ - dy [ g E ; W ]
an--'[—*f = ———?xzx
dx Jy=1 LEmvx bl

,lICLfY\O _Wf\ﬂ(? o % i

QI

This principle is used in cathode ray tubes.
(3) @;ﬂ@rgajmg Electric Field.
The alternating field is represented by
E=E;sinof

Force on the particle = mass x acceleration ~ m d ] :
- . e —-2' 3 s F :' —
SRR ST Lk
dt -
2 ; 3 ‘H}{
qEﬂsinmt=mxﬂ=m-d_v GU[SH@ m:
./___-———————-d.’f________jd_f A
Integrati ; - .
grating eq. (1), we get velocity 25 E‘ C oS ,l‘jff-‘ﬁ
__9E; cos i -
¥ ——-m +C, A A= 040
where C, is constant of integration, Th ¥ :
iy . 1he
that when 1 = 0, 1 B value of C, can be obtained by applying the

‘9E ._—_ l: CUEU

Ty

W g

L3 : 5 .— o I_||_




3.33

g E fluge v - [dl‘ ] — : .
r«48% -

QJ-( me;]d, J? o %
l ] % \- COsald )‘i’l N

= E—E’E i S1n wi m - g

ﬂ' M{u o J+ CI
{ (, is another constan of integryr;
tying the condition that at ; =0, r :=BD EIE'E;: ;ﬂe "'“'ue uf C; can be obtained by
| L+ {__‘ ﬂnce
.__{4}

|

€CN the ) CU SHQ(L
3) gives the displacem ;

Angeng }ni By, 5 8 Nt of the Particle in time

When a charged pﬂmcle ha vin

charge ¢ travels wi el 7 .
n R aTore T g S With velocity v in ma netic ﬁeIdB,__ ..
-.(5) '

iR |
F=g(xB) or o =q v Bsing D) N 1]

Now we consider the fouomgg cases :

() thhe article is at gest E‘@M& U =0), then it will experience no

|
e panrcle Is moving along the line of magnetic ic field, then v and B are |
el (i.e,0=0). Hence, the Particle will not ' '

nence?r?j’bme
2 _. (3) If the icle is moving perpendicular to magnetic field, it experiences a
bd_{' maximuy fun:r: € y F,
escnbe € motion of charged

particle in a m _magnetic ficld. .
onsider the case of a charg article having charge q enters in & ma gnetic _ '
“Id-at night ang ¢ 1o the direction ufﬁe d '




The fosrce F'“mﬂt

“"b'dﬂ'

@/f/—ja

caied ¥ Fa
11‘ gach 18 = o = pﬂ.ﬂi by the fm‘s.,g—ml; be
- :*4: Hence, the po& : Citody,
cf:mr"-" p, =q v 5
s . by this force, then
e the L;‘th\"’"'""' rnx.iuc.ﬂi ; =
= v B mo. = ww
3 mz=ﬂ"-F""‘!'T' _5: o
- o=y ™ t
From &4 (3) my=gBror T=0'g ' g 18,
fINT:
I | p—
- AV — "
- eyl T ':.H.T ;ter':ﬁb; ; % w
- a5 | L B - m "-..-
F '11 ,._.'_E—r—g e f ;._;:?—-——’r. - ; 15:
A q.,# = y 2 2Zam | Wﬂ
Q-ﬁ- v is dependent of ¥ This freguency i KDOWE 25 ‘*‘h )
be frequency e
Here, 7t shouid be rememberzd feg (4)] 1hat faster ﬁgﬂ move in bigge
:&;mﬁs:ﬁ-#p&m@ﬂ_@?ﬁ;mmﬁwﬂﬁ such sme perod T st
m_ '_- > 5 =, .
*h:n-gpnr,d?.:g:-.mbﬁ- . 5 & ¢
2z _2=z=m e T
——— s . AJ 1._‘3 E

4 W;Mmmmmm

_,_.1—._."___
of Bas shown s fig (112). kt&mitmﬂuh

compoRents. te. U, anmg,
E‘»“”-tﬁkhﬂmt? and B is zevo hence U, EW
Mhzmumwﬂmn&Mg{Bmﬂ

9 Y7 piate Tig. (13b}Toe sadivs of the circle is given by &

plans Sve B &Mm




i Pﬁ_]*’-ﬂlaf

[ Itant path of (he : ;
@Lr«— __~E_Particle g s
ition GJWE':@,__EH““S@E mﬂ elix g showp |
: . : dicul: =con 0 fig. (11¢). Thig js
| imotion pemendiculyy S The bih o e Vs g '

a
T alon e e s
—_ h of i 08 B and the d
SUCCESSIVE Cirey h T S o
cﬂ"”fﬁl*.’!’-ﬂi‘e_ 12 paths, Hengy; >~ Belix i defineq 8 the distance

ribe

a Circylyy

. " 2n o S path

.{3] = M m‘bx " »

L - p_'ju’\ ~RAD 5 i
component of Lorenty force in = X Yy
4) The "y :13 direction of fie|q 1S Zero becaysdy 0
X ’t_ = x ) =0
;-}2-?__, p. remains constant .
2V =

5. e o

: F , » e (v, xB)
tron le betweenv  and B i
—on | The ang ¥ rémains constant thmughnut the motion ang is equal
igger W ,f
s the — | -

113 MOTION OF CHARGMARMIN 'CROSSED
© ELECTRIC AND MAG ETIC FIELDS IR
- Here we shall consider the motion of a particle of charge g and masg m 1 placed in
i . dutricand magnetic fields, i.e., both fields act simultaneously o the particle, Suppose
feglectric field E is along X-axi etic

the B is along Y-axis. Due to
is geetric field a force g E acts on the particle along X-axis. The forc
the =} =

e due to magnetic -

~ feldwill be ¢ (v x B), where v is the velacity of the particle. The direction of this force
ant — sl be perpendicular to B as well as v. The resultant force knmmrfe
:"‘ _ “mgon the particle is given by

F=¢g(E+vxB) F2 CVG T‘v’ﬂ) A1)

Here E=iE, B=jB
- ud v=iv, +jv, +kv, ) 2
Weref, i o d k are the 4 axes respectively. Substituting this

'Y




3.36 AUy g (E-V,B)

 m

f’. d’r

F, r:r""'ﬂtf%! wq U h
nnd - 1 y
: : L we H-ﬂ oY ' y
Differentiating W' .;.1:: &, mA V. -0/ - ‘d_yl gimi
"""dr,?.' ey o di (J\‘k Qk_k ,ﬂorwe
qu, B . o dv,
-84 T ‘f'”-”fml ,
o 1 A EQS:
P08 L 0 G V- E"‘ a t
s R . ol 3 g3
o dr? m- (}J\i ml. q-".""j ()
This is a general equation of gimplc harmonic motion where pd 2
or m.——'qBJ"'m _TI__‘;_L—EE!
The solution of eq. (3) is given by
:Ii!', v,=4 sin (@ +9) . ¥ Thi
i < here A is the amplitude and is the phases of .H.M. At =0,v,, =0, hence,$ =0.5 @
jl' . v, =4 sinot__ () Here W
H To obtain the value of 4, we differentiate eq. (4) (i)
| d:: = Awcos ! In
| = ﬁﬂ’
l Ir At time ¢ =0, dl‘ = A w. But this is same as ¢ E/m ki sl
P 3 Aqﬂ:qm—ﬂ;_ A.—-qumrL::E!B Tl
; l Hence, the solution of eq. (3) becomes m‘:
v, =(E/B)sin ot (5 § 'cmair
d E
/ e

& e

—_
m{ — lwco :HIFQ;E-QU‘E

= U o ]

iy RO L.
J ' iy

SedrevyB




A7)

Conditigy that uf (=g

(8)

} ;) Whenacharged particle js gyyp;

4 field B, it €Xperiences e
ME_L&MP_L

F =9[E+(vxBy
. This is known as Lorentz-force,

bt O.U(EJtV?&ﬁ)

0] mdmg on the d:fecunn o'f and B, a number of situations are possiblc
e consider the _fq_!l_g_\f;ﬂ_g Special cases - 5

§ v,Eand B all are collinear

article is either movin parallel or antiparallel to the fields.
charged particle wjll be zero, There wili
# particle which produces an acceler given by

e
a=gE/m
‘-—;-__—_A - - . " -
B direction of a is along the electric field. S0,,in this situation speed, velocity,

\‘._Efileasshownm ig. (12).

%==m and kinetic energy all will change, of course, the direction of motion




Fa 9
-
& q
Fm
Fig. (13)
he particle will pass through the fields without any change i, "
Therefore, ¢ |
velocity ;- r. 8% E=qU B
As

U = EJ‘IIB

ﬁ inciple is used in velocity selector 10 get @ charged beam with a specif,
is princ $

velocity.

NUMERICAL EXAMPLES

* g
n moving with a velocity 10° metre per second enters g

Example 1 An electro
: to the direction of the field. Calculate

magnetic field at an angle of 20°

(a) the value of magnetic induction so that the helical path radius be 2 metre.

(b) the time required lo execute one revolution on the helical path.

(c) the pitch of the spiral. ‘ : -
Solution (a) The force acting on a charged particle in magnetic field is given by

F, =g v B = mass x acceleration = m, x a
vlsin’ @
a=—"
”
m,a =m'!u2 ginz Bfr=q'UBSiIlB
_mosin®® 9x107" x10® xsin 20
rq 2x(1.6x107")

=9.6x 1075 Wb/m?

- B

ki

5 Lo

N




=339x107., 3.97x 197

415000 eV electron s dese

- rlbfﬂg‘ a Ci"'ﬂr i
r ¥ e ‘n .
I 2508215 lﬂ; ;";gnffgﬂxhi angle o j, t,mp“‘::"iff’r ' Tteld of magney
} gIﬂJI kg, e=1. Coulomp, lev o 6% 10~19 i ]al s of the Cirele
0l
g Given that
p— of electron = 15000 ¢y
' ]
3 mv? =15000 ey
=15000 x (1.6%107%) g1 a
=24x10715 joule _ | 4
i 2><(2.4x10‘15) '-
9.1x10™%
=7.3x%107 m/sec i & |
i L]
F = evxB ‘% ri
*w that | '.
F=evBsinO=evb ¢ 8=90°) {
¥ N 3
2
i &= r=— d ;
h F—E'UB el ﬁB : Ii, ‘
9.1x107') (7.3x107) [ l-wﬁmrz ~10* gauss] | '-
r= i 4 metre
p (1.6x 107" )x (250/10%)

r=0.0166 metre = 1.66 cm i | § ]
: : 45 metre in a field o .

y g ircle of radius 0. : f |
._*3 An a-particle is descnbl?;g F_"’ its speed, frequency of rotation a:;, e |
o What potentialidilis ;‘w rgq'd? The mass of a-particle is | &
I- " e, 3.2x10™" coulomb. B




sven by
40 . cotation is BIVET
3. cy of rottl  2.6%10" m/sec

ETE 14 % (0.45m) \

. St
_ 9.2 10° per sec.

rl
muv”°

E-.Jll-l-

Kinetic encrRy of a -particle is given by & =
The kanetit :

.1 (6.8%10°7 kg)x 2.6%10" m/sec’)
3

-

_2.3x107"* joule

2.3x10 e s = 19 .
3 eV (s leV=1.6x%x10""
= — oy
1.6x107"° e

~14x10% eV = 14 MeV.

The electron will acquire this amount of energy (14 MeV) when it is accelergeg
through a potential difference of 14 10° volt. Since, c.-particle carries a charge twice
that of an clectron it will acquire this energy when accelerated through half of e

: 6
potential difference of electron, .€., through 7% 10” volt.

Example &4 A proton (charge 1.6 107"° C, mass m=1.67 x 107%7 kg) is shot with g

speed 8x10° m/s at an angle of 30° with the X-axis. A uniform magnetic field
B =0.30T exists along the X-axis. Show that path of the proton is a helix. Find the

{ radius and pitch of the helix.
I
| Solution The situation is shown in fig. (14)
~0000000"
!-,- ¥ & Helical path
]
o) Yy
| ¥ ek
1 A |
v 1
30° |
=
Pfﬂun Uy X
Fig. (14)

Vamveos 30°= _(s %10°) (0.866) =6.93 x 10° s
0 50%=(8x10%) x (0.5) = 4.0 x 10° /s

1 Y

Mpll
4 velocil
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Nuclear Physics
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4 ASTON'S MASS SPECTROGRApS |

. s Mass Speclograph is an apparatus of high ace. :
15

investigation of isotopes. This method | i
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Let, ge on positive ray particle,

£ = electrostatic field,
B = magnetic field strength,

v = velocity of each particle,
¢ =angle of deviation produced by magnetic field,

dé =angle of dispersion produced by magnetic field,
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Construction and Working

In thi ; »
his mass spectrograph, a beam of positive particles from a discharge tube.
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Solution e
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e . plates 1s constant, the linear diss.
When the distance between the | Sances
I to the electric 1€

proportional i

Id intensities, g

X _F;

X} ¥ (2
From Egs. (1) and (2), we B¢t

B o Bimily =2 450=350V

¥, 8 Bl 9

Hence, to get the trace at the same point, the P.D. between the plates must be 35 V
Example 3 [na Bainbridge mass speﬂmgm;h.S.ﬁ-:'ngfe :'m:{'.sm‘ atoms of Ne™ -
into the deflection chamber with a velocity of 107 m/sec. If they are deflected by o
magnetic field of flux density0.08 tesla, calculate the radius of their path. Where woy)y
the Ne 2 ions would fall, if they had the same initial velocity?

Solution Weknowthat Bg'v=m viir

. P o5
For the ion of Ne

p
mi-

.BE"TP:—— or F"‘;D:—m Ii
20 o A

Substituting the given values, we have

i (20/6,023 x10%) kg (10° ) m/sec
0.08 tesla x 1.602 x 10~ coulomb

) =0.26 metre
Now, r,; is given by
2 i
B 3e." n :i} X Iy
= 2 x(),2
Pt 20 26 = 0.286 metre
2ry -2 o

=2(0.286 =0.26) =2 x 0.026

=1
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