Class 12- Physics Board Notes

13. Nuclei

Atomic Masses —
TRe unit in which afemic and nucliah masses are

measuseol Ja Called atomic mass unit (a.m.u.)

One ‘am.u’ L& odufined as 45t of +Hhe mass of an atom

of L% Tt 4 olunoted ba'b("

As Avoaqdro's numbes. = G 023 x1072

2 - 2
Fas 01 e = 6.023 X {022 8'

By definiton L amu. = 'ilix mass of one atom of C*

SRR Y N — = R
i amu = i ek = l:4exl077g.

i amu. =166 xto~*7 g

Im teyms of a-mu.,
mass op an eleefrdon mMe = 0.00055 U.
mass of a Proton  mp = Loo73 U
mass of a neulrorn Mn = 0086 U.

Electron Volt (ev)-

Ti 4 the _!mal.( um'-t o y. One electom volt
Us the enegy d?nl an electron, when accelevaded thigh
a potenisal thence of one Volt .
Enaagy = Werk dene = Ql\Mél- %x Potertial
lev = fgozx 167" x 2
or 1l ev = 16oa2xic® 7
According 4o the Einstein Mars-enngy equivalence -

E = mc?*

‘taldﬂa m= Lamu = 166 x16>"

e and C:= 2x108m)s
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A
E = (Leexio>)(3x16%) - 140 x50
Hence € = 1-43x15'°
lexioI®

[ 1l amu. = 93lis Mev

33].)s x10° ev

.

Discovery of Neutron -

A newtrn Ub a neutral particle Gnging 1o
Charge and having maps equal rougluly do the mass of
a proton.

The. neuwhvn was discoverad &pwwdaﬂd by chadwik:

Beryllium Paraffin wax

Protons Detector

Alpha particles source Ngtr:, p
=%
Oo— &

Alpha particles

Chadwlk obsexved t+hat when bcryll-‘um was  bombesrd With
alpha panticles , some newhal panticles were emithd, whase
mons Jb equ.pd ;}o'ikl_maba proion. A Free
neuwhon JA Uns le amol hat a mean .,Liga time o} 1oves.
Newhron 43 Atable ingide the nucleus.
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Atomic Number (2) -
Tt D Hhe number of profont pasent inside the
nucleus of an adom eof the element. Tt W represented b}

Z.

Z = Number of Pretons = Number of eltefrms

Mass be

A (protrtl):‘\r:o- ]

neutrons)

~ Symbol of
m"mmb':‘_’z element
(protons)

Mass Numbeyr (A) -

Tt 44 the dotal number of protons and neutons
Present inside the odvmic nucleus of Hae alement. It
43 vepresended by A.

A = Numba of nucleons (newhon+ Proton)
A-Z = number of neutrons
A nuclide s repausended as x4 whie x s e chemical
Svmb(ﬂ of the element.
E)(QMPLU > ;C'l ,1,A'4l’7 ’nuzsdc-
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Nuclear Size -

Expervimental measwument shows that the volume of
a nuclews 4s propevtional Ao irs mass number A.

Ty Rds tie rackius of the nuclus , Hhn ity volume o A
3
%nR x A
oy R « A
or R = Ry A™

Ro = L.2xi0Pm

* As A ds ciffount for different eluments, thevefive atomie
nuelei of different elements have olifferent Sizes,

Nuclear Density -

Density of anuclews b the malio of mass of nucleus
do ids  velume.

Tj m L2 average mass of a nucleon amd R us the nuclar
radius , then mam of nucleus = mA

Whine A b the mMass number of the elenent.
= 3 _ 3
Volume of Nuclews = g'»'nR = %n(ﬁ. A)

Density of Nuclews =_MA_ - _3m
4 TRIA 47 R
oy P = 3x166XIE

= = 2.29 X6 Kg /pd
4x344 x (12 x5 Ko

X Henee densit of Nucdens Jy same for all Hu elunts,

which '.u veryy JMaL as Comparsd Ao cleniity of ordmary
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Isotopes -
Lsotopes of an element ane +hat atomd cohich
have the Same atomic pnumber bud diffexard” atomic wa'akts

© ®

Hydrogen-1 Hydrogen-2
Example 1!, (H", |H>are isotopes of hydmsen
‘Cl.t ‘C"’ ‘c“‘,‘cn, ‘CW e the isotops °\f Cosiboon .
As (sotopes of @ element have the 2ame atomic number,
A Huse have lolendital Chomical propendies , but oluc
to clifferent atomic wei Preir phuysico) propenties
Tsobars -

Isobars are thae atoms of olifferent eloments hich
have the seme atomic wdaﬁa‘ buf clifferent afomic number.

Yase N 600
e
\ / \ { \
(@) (@)

|.
“opr ok ©ca
Erample : "qula'nol N are (sobass, ,,C‘g"anol,.ﬁr“
ars (sobars efc,
The Chemical propenties of lsobane @nr differandt i
4o diffount alomic rumber  but Hauly Pkers:'ml properties
mowy  be lelinhea) duc v same afomic weighd.
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Isotones -

Isotones @rie The ajoma o ali_{fo;w elements
whith Centain The Aame Number of neuhons, hence
in Hudr cast, (A-2) = N 44 the dame.

» 3
148! 1P

E"MPM - i Q"”J"Ku ake (selones, SI‘M‘I’N\.L:’ ,Hg and
2He' ane isotones .

“_ .
Believe you can
andyou're halfway
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Nucle ar Bindirg Ener&—

Bindling entAgy of a rucleus is the writh
which nucleons ars beund in the nucleus. Tt i rmMeasured
by the work requived do Acpaarede the nucleons at infinite

Zance. apast from the nucleus , so tHhat m not
intthact each ot ¢ Hua “t

Ce0 ©® s

Separated nucleons

Mass Dgtd-—

The olifference behween the 2um of Hthe masses of
neutrons amd protons forming @ nucleud and mass of the
nucleus Js callzd mass olegect

This mass dlﬁ(tj‘ appears In the form of bv'naljn}
uwm swhich 1 responsible. For b'moung Hae nucleon fnaulw
n nucleus.

Nuclear Bfno(.«'n; erungy = Mass clefect X ( Velocitsy of L.abdj'

8.e. = [zmp+(A2)m, — Mu_]x [

BE. (in Mev) = [Mass clefeck in amu. ] x 931

Average B»'nalins Enngy per nucleon of a Nueleus

It 24 the average enmngy we have to spend o
Yemove a nucleon “‘f-:é. nudw.z 4 infinite distance .

Tt 4 9dven the tal bindin enthgy devided by Hae
mass g&mbubycj Hae nucleus. d g
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Mass number (A)

The graph behween bmding entigy pen vuckuon and
mais numben (A) shows -iu. jouawindg facts:

&) /’rvvn_agl. bmal,ma enrgy of HMight nuelie Like ; iHY, HE

H2 A smatl.

(n)m fre ned Pgn}(; Covrveaponeling 1o

aHe' , ¢!, 40 wi'.. d‘b that +bf:u_ nua;:lz.e_
are relativ: more rsta.ble +han 'Hu_ other. nuckie in
Thady rw?hbow.)\ooo(.

(jii) The B.E. Cwrwne hat 4 maximum value in the va
A=20 30 A-=lyo (.onupundlng Jo avewage Bmdi
enmgy pen nuclion = 8:S Mev. The valur of
the maximum Jb g8 Mev/N for Fe™ Henee fron W
Hae most Atable elemend oy tHhe ew.:i‘v\.

(V) As the mort numben increaser the BLE. muclion
ducvtases omol ?mduaug jva.u.i-na. 40 ebout 7.4 Mev
per nucleon for U Hemee heavy nuclei are rulatively
Jus  Atable,
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Impostemer of Binda'vg enngy Cusve, ~

(1) Wheun we move Fom Hhe heavy nucled ion to the
micldle rca)on Oj +he 8mPh, Hane will be an increment
in the overall bndin and hance velease af

Thin indicades thad can be reltassd
when a kmvg nuctews (A 2 240) breaks [nio o
equal ports. Jhid process o Colled nuclion  fission.

TN
~ ’.n
G g
n
. o*en
235U 235U
92 92 89
3eKr

(i') When we move from La#d'v._ nuelei Fo heaviea nude
we find that Hure £ a0 increment {n the ovenall

binding entagy omd hence release of euagy. This indi-
cotes af ener Con be veleated when +wo or more
iigfrq‘u; nuclei (mix) '(“va,d'kn_ to fm’m a hmva,

nuelews . Thisa Process 48 Codludd nuclear fusion.
y
o &G

et Helium
3 e

Tritium Neutron

Energy
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Nuclear Forces-

Nudeon foﬂu are the Sh'mar forees o atfraction
which hold togethouthe nudeens ( newdons omd profons) in
the Ling nucleis of an afom, inspite of Atng  elichstadic
foru. of Yepukiin behseen protons.

REPULSION FORCE BETWEEN THE THE STRONG NUCLEAR FORCE
PROTONS HOLDS ALL PROTONS AND

g NEUTRONS TOGETHER

Tmpostamt charactenishies of Nuclean fovess -

(i) Nuclear fores ack behwen o pair of neuhoms, a
pair of prtns omd also bedwen o newhon, proton
pair with the same Afrength. Thia Khouws that nucleas
forees ane independent of charge.

(i1) Nuclor forus cxe +he aborgat forces in nodure. The
nuclear. forus 14 loo fimes and [0°F Lime stonges Hhom
the elechostatic ond Emv?bdima.l 'fmcgsAuPccﬁvds-

(i) The nuclkar fores ane shord™ vange foras .

@ oprohive  upfo diAJ’omv:#qf a feo formi. e

(1v) Nueleor foras are non cendred foras. Thia Ahows that

the distribution of nuckons in a nucleus U not sphevcally
.&ammdﬁc-
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(V) The variadion of nuclear fovas with +he olistance
behwesn nucleons B shown in ﬁamu.
(a) Nucleay fores asa igible.
when distance betwen” nicleons  F4
WA more than 1o fermi.
08 Fm. 1ofm.

(b) tohan nucleont are byo
Closer ;, nuclear foree of atfactin f
uwelops ,wohich increase Tapidly H
with decrrosing listance. At .
dislance 08 fermi forus becomps T
;sfmnglg atfractive, F

(c) When disfance bedween nucleons becomes Less Han o-

Hhe nucleas forws becomes Ategly  vepulsive.

(vi) The vardation Ob pofeni(a,( tdf a pair of
nucleons as a fumction 6f their Aeparation . Tt shows
that nucleas forw is of atfrachive yaduar for deparation
between the nelei greater than L fm ond repulsive whw
seporcdion in Lk than L fm

PE
(Mev)
X 0.8 { 2 3

8 ;f"",

* P.€. s positive fov repulsive furu.s ool s ntaw&'ve,
v atfachive fores.
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Nuclear Stability -

Nuclear Atability depends on following factors:

(1) The .sfq}au,i-tj of o nucleus da utermimed by Hhe vakue

of “ds bimoling enmgy per nucleon. Higher Hre B.E/nuclem
move Stable Jﬁm nueleus.

(V) The atabili of a nuclews U2 also olefermined b%
<15 neddion Ao proton vatio. More J4 the number of
protons in the nuclaws, greader s the elechical repulsive
fovee bdwu.n Hhem. Thertfore more newhons ast nuded
Fo provide  Hhe shong athachve forees necessary 4o Keep

d ¢
the nudeur Atable.

(i) The stebility 0f o nudews Ja also cldeamined by
the considiradion,that L3 contains on even or odd
numbey of protonst omol nachvns. A oletudilesd|
Shows that stable nuclei often Contains even numbes
of pwions oy newhons ov both.

HEY WARRIOR,
KMPMI
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Nuclear Reaction -

A nuclear reachon vepresends the +rmn&;formpd-;bn of
one  Stable nucleur into another mMucleus La bambcudna with
switable Ndh enuigy particles.

Nuclear veachm Can be vepresended ou -

A 4 A+4 A+
zx + zHe — zfzc ——*HIY + |H + Q

TRe  Teaction Js named (o, P) veacton afpter the
name of Hhe kombanid panticle (&) omel product pasticle
(P): Tn +he nucliar reaction & 3 the Fotal eneaga
clmmac in the reachon.

Examelu e
Gy L7+ n B 4 4 .
-l H H —— B Y — hE 4,0 (Pa veachon)

(i) s + 0 — " — "+ on' (PN reackin)

Jic a
(@) &3 i = M NP4 (R veaction )
Gv) 1H 4y —> .H' +on' ( Photo dun'rdtamdion)

Note:-

The & valuz 0f nuclar weaction s Calewladed fiom
Einstein's mam eurgy equivaline velolion E = (Am)c™.
It moy be positive or ru.aque.

* A nuclear reacton in which & value 18 positive, energy
b teleased, Such aveaction us called exoergic.

* A nuclean reachom vy which @ value Ja mam}ive,mn”
hoa 4o be supplied before +he Teachon occwrr, such a
veachon Ja called endoergic.
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Nuclear Fission -

Nucleat fissim W Hhe phenomonon of Sp‘umna
of a havy nudeus (A >230) into Fwo or more A‘ﬁldtr
nucel,

In +hia proceas , Centain mass ols appears l-e. sum
of the masses of final product i found 1o be slghtly
Aess than the sum of the masses of the reactant Compo-
(nm:ti- This ifferamce Jn masses U3 Codligd mass olfect
am) .

Ener'aa( veleased ' nuclear fission (E) = Amxc*r

Thia em.\‘.z—a appeans in the form of Y-reys omd Kinee
enehgy o 'ssion fmrmyd'
f' 138Ba

i n
-5 =
n \\
WU WU @GR
36

- s 144 89
Example wl T aon! — 8d*™ 4 K + 3+ @

* The dlainfegration < (R) in fission, fivst appars
ab the Kinefic enagy of fagmends. Afden fhat A is
trarsferred 2o the " Susounding madder in the form of head.

Nuclear Chain Reaction -

Nuclear chain veathovn refers 4o a prowss n
which newtnn released in fissim produces an additional
fission in ot least ore furtae nucleus . This nuclews in
tuan products neudmnms omd the procst repeats.

The process be Cenbrolled (nuclear power) or
uncordrolied (nuclear bemb)
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The prowss be Cenbmlled (nuclear power) oy
uncorthrolled ( nuclean bemb) .
we

g . > on
e R 1 ,/

I“Ba . — ; — N

@ss o o \\g en

-~
S T w ey
* + @ iy ‘, I .
n b g \ i 7 1;:
: 236 N gn en @

] 7 ! ,) o
A ggKr \ @ — ; —r @ N
e N T on

llsu 2
o @

The jo"our}n: points showldl be considewd for a sef
propoageding nuclear Chain reacton !

&) Lca.hoﬂz of neuwtrons from the system.

(@) AbsorpHon of newhens by impurity.

(3) Absovption of neutyons by Umnium-238.

(4) Cwdical Size of the fissionable Sample.

, _ Yode of Produchion of newhons
(=) Repmducﬁm -fadDY (k) = Yodt of Lass of neuhons

# Tj K=l,the chain reachon will be steady and Continuos,
* If K1, +he chain Teachon aceelerades mquHng in explosion.
* If K<L, the chan reachon amdua.uj Atops.

Class 12- Physics Board Notes Target Batch 15




Nucleay Fusion -

Nuclear Fasion js +he phenomenon of fuima
two ov morve Makhder nudel Fo form a single haa
nucleus. a»d ¥ “a{ vd

The mars of the pvoduct nucleus s slighdly less
than the Surm of +he masses of the Lighted nucled
fwsi:? ;had‘her. This olifferenice in masses (Am)
Fesulfs i the releare of fremenclous amount of eurgy,

in accovdante with Einstein's mass eningy vtledhon
E = (am)c™.

& I

‘ Helium
Deuterium ‘ {
e e
ﬁ 2 Neutron
Tritium Energy

Examples :-

1 1
IH 4 (H s K 4 g€ +V souzMer
IHY 4 (H = 2He® 4on' + 327 Mev

T nuclean reachoms, Hhe coulomb vepulsion behoen
the nuclews pvwhibits Hum Jo Gme close eno
do be within the range of their athyachive nucleas
foceer omd fuse. The heighd of Coulomb banxier depends
e the Clunges omd the Yadiut of the inkmch'ra nucle; .

The esserdial condition for corrying oud nudear
Fusion da do raise the mporsduwnr of the material
So thod panticles have en.ouah Wthr
Hurmal motions alone and can penthiode +he
fuaion.
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Difference between Nuckar Fission & Nuclear Fusion

(1) Tm AHission o haav
meve Lghtey nuclei. T

Nucleus APL“:& indo 4wo or
)

, fwo ox meve Lighder

nuclei fuse Aegethen o form @ haaviey nuclews.

(2) For nucleas fission a fast moving
outd huclear »fwﬁon Hae J.«'a)d’cr nuclef

Ry i

neutrory 15 needed,

have 4o be bvought veny Close 4o eachothen aae-'mé't

Cowlomb vepwlsion. for this Suitable e
be. made available ,oj:fzn ba

of the owder of 147 k.

4 b
Ya.is?ng the Ferpexadute

IMBa @ @
56
‘ ~ e -~ Helium
o en Deuterium (Ol
@ @ - %
° + - — on -~ ~
n . & 2 &2«\
23§U ngu en Tritium
8 Energy
Nucleay Fission Nucleay Fusion

(@) Tn a vuclean fusion veaction, eneagy Libexoded per
unit mass ¢ “thar nucle Ja many Aimnes Lw\ﬂer
Hhan Hae Liberated per urit mass M niclear
fission reachon. TRerefove for @ given M‘UM,
hydve bemb ( based on rnuclear Fusin) b Fan
move dangexous thayy an adom bomb ( bosed on
nuclear  PPsstom ) .

(U) The product of nuclean fHssion ane vadicactive.The
produce  envivommerdal polludion and hence vequive
very Coreful daposal. Howevey the products of nudeayr
fusion ame Mot Yadivachve - They ase hanmlers and Can
Luposeat off eanily.
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