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MODERN PHYSICS

1. NUCLEUS

1.1 Isotopes

The atews of an element, which have the same atonue nuniber
b different mass munbers, are ealled isotopes,

(1) 50!5‘ EGI'-‘I 5.0:5 {if E_[}}:'I Fc']'.-'-
(iii) ,,Pb ¥, PR, B,

The atoms whose meelei bave same munber of nentrons are callad
150100es.

1.3 Isobars

The atems, which have sane mass munber Dot dilferent alomic
mnnbers, are called isobars.

(1) IIFI al.l.d][I-:E' {il}:I_i":n;.'._lh:'

(1) , A and | Ca™ (W) Gk, Se™

|l.4 Atomic mass unit |

The atomic mass umit (a.oiu) s a very small wot of mass and 1t 1s
fornd 10 be very convenient m nuclear plivsics.

Atomic mass unilt is defined as 1712 of the mass of one -
atomL

According o Avogadro's hypothesis, number of atoms in 12 ¢
of ! is equal to Avogadro nunber Le. 6.023 - 107

-

57 Le

Iz
a1 S B ————
Therefore, the mass of one carben atom () is S0%Ix10

1992678 = 10r¥ke

I =
Therefore, 1amu = ITh 1992678« 107" kg

=]

T lamu, =1.660565 = 107 kp

p—

L5 Energy equivalent of atonic miass l.':lli'[]

According to Emstein’s mass-energy equivalence relation, the
cnergy equivalent of mass mis given by E = mc’

Where ¢ 15 speed of Light.
Suppose that m= 1 anu= 1660565 = 107" ka

Since, = 2998 = 10F ms™', the energy equivalent of 1 amu is
given by 1 amu = (1660565 = 107" kg) = (2998 = 10° ms'Y
=1.4925 « |0'"]

. 14925 1071°
Since. 1 MeV = 1602 = 107 ], we have ——————— ¢V
160710

Cr Tamu=231.5MeV

I 1.6 Muclear size

The vohune ef'the nncleus is directly propertional to the number
of micleons (mass munber) constitting the micleus. If R is the
radius of the mcleus having mass munber A. then

1 TR A

O A Of  R=R A"

Il'? Muclear density

Mass of the nuclens of the atom of mass munber A = A amu
=A - 1660565 = 107 ke, If R is radius of the nucleus, then
Solume of nuclens = . nRls 3 T{R A= hy nRIA

L nuclens = — 3 TRy ] B "Ro-
Taking B, = 1.1 = 000%nm, we have

tass of moelens

Denstty of the mucleus, p=
vohune of nuclens

_ A=L66065x1077

10azl1=10"f x A
=207« 10 kgnrt {independent of A)

® The density of the nuclei of all the atoms is same asit is
independent of mass number.
®  The high density of the nucleus (= 107" kg m-*) sugpests

the compactess of the puclens, Such examples of high
densities are met 10 the form of neutron stars.

1.8 Alass defect

The difference between the sum of the masses of the micleons
constituting a mncleus and the rest mass of the nuclens is known as
mass defect. It is denoted by A

Let us caleulate the mass defect mcase of the nucleus of an atom
:.'(-". The nucleus of the atom contains Z protons and (A-Z)
neutrons, Therefore. if m, { X*) is mass of the micleus of the
alouu :.‘{"‘. then the mass delect is given by

Am={Zm_+{A-Zpm_-m, [ X*}]
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The binding energy of 2 mucleus may be defined as the energy
equivalent to Qe uass defect of the nucleus. It may be neasured
as the work required to be done to separate the nucleon an mfinite
distance apart, so that very na longer intract with each other.

If Am is miass defect of a micleus, then according to Einstein’s
wass-coergy relation, binding evergy of the nucleus = Am ¢’
(inn joule).

Here, mass defect Am has to be measured in kilogram In case,
mass defect is measwred in a.ma, then

Binding encrgy of the nucleus = Am = 9315 {in M)

Bmdg coergy = [F_':.u.|| + (AT —m, (X)) » 9315

[ 1.2 Binding Energy Fer Nucleon [

The binding enerey per nucleon 15 the averanee cusrgy regquired
to extract one mucleon fron the nuckeus,

. s Binding enercy
Thus, binding energy per nucleon = — 00 ST
A

| 1.10 Packing I'rstftinn]

Packing fraction = (mass defect) A,

I 1.11 MNatural Radicactivity ]

The spontaneous rans fomeaton of an element o another witl)
the emission of seme particle {or particles) or clectromaznetic
radiation 1s called nahral radioaciiviiy.

1.11.1 Lawsof Radieactivity Decay I

Rutherford and Soddy smdied the phenomenon of radioactivity
in details and formmlated the following laws, known as the lavs
of radicactive decay:

L BRadioactivity 1s a spontancous phenomenon and onc
cannel predict. when a particular alom in a given
radioactive smnple wall wdergo distmte gration,

&)

When a radicactive atom disimegrates. either an a-particle

(muclens of heliun) or a B-paricle (electron) 15 enutied.

kY The enussion of an c-particle by a radioactive atom results
i daghter atoun whose atomie mual=r 15 2 wts less
ad ass member 15 4 vmts less than that of the pareut
AT,

z :.:A o-decay Z—JTA_J

4 The emssion of a i-particle by a radicactive atom results in
A daughter atony whose atomue menber 15 1wt more but
mass munber is same as that of the parem aton

f-decav

Y i
ZK 1—I.1|1

L

The mumber of atoms disimegrating per second of a
radicactive sample at any wne 15 directly propartional o
the munber of atons present at that time. The rate of
disintegration of the sample cannat be altered by changing
the extemal factors. such as pressure. temperature ete. Itis
known as radioactive decay law.

According to radinactive decay law, the rate of disintegration at
amy tme tis directly propertional to the munber of atoms present

at timetie. d\I 3 dN
e

Where the constant of proportonally X is called decay constam
of the radhoactive sanple. 115 also ko as disioregration constact
or s formation constant, Iis value depends upon the namre of
tee padioactive sanple. Further. the negative sign indicates that
the praber of the atons of the sanple decreases with the passage
of tie

dN
From equation, we bave — = —AdL

I P12 Radioactive Decay Constant

Acconbmg o radioactive decay law, Integrating. we have

1N

4N
di

_ |, _ -

> TN

Henee, radioactive decay constant of a substance (radicactive) may
be defined as the ratio of its instantancous rate of disimie pration 1o
the panber of atoans present at that tune,

Again, W= 3\.’0 g™t

Ift=1/%

then N=X ¢ !"=leXN =N/2718)=0368N,

Hence, radicactive decay constant of a substanee way also be
defined as the reciprocal of the time, after which the mouber of
atoms of a radicactive substance decreases to 0368 (or 36.8%0) of
their nuniber present inmtially,

[1.11.3 Half Life |

Consider that a radioactive smmple contains N, atows at time
t=0. Then, the mumber of atoms left behind after time t is given
by N = M, g
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From the defustion of half life, it follows that whent=t, - N=N,1

Setting the above condition in equation. we have

Or e =172  Or ¢ =2

O #T=log 2=2.303log 2=2.303 = 0.3010=0.603

Thns, halflife ofa radicactive substance 1s inversely proportioal
toits decay coustant and is characteristic property of its nucleus.
It cannot be altered by any known method.

[ 1.11.4 Mean life or average life

The average life of a radioactive sulstance 15 defined as the
average time for which the nuelet of the atonis of ihe radioactive
substance exist. It is defined by t_ r

1

lt“"!:;L

l 1.11.5 Activily ofradioactive substance

The activiry of a radicactive substance mny be defined as the
rate at which the mcled of its atoms 10 tlee smuplz e o e

If a radicactive sample contains ™ atoims at any tiome 1, then ity

.. . ) . dN
activity at e 0 1s defined E|5.-"L=—d— :

The negative sign shows that with the passage of tine. the activity
of the radicactive substance decreases.

T

. . T dN
Siiee accordmg to the radioactive decay, law =-iN the

equation may be expressed as A= AN, Since, N=N_ e we have

CAZINE

Or |.-"L=.—'Lﬂ1:_”

Here, LN, = A, is activity of the radioactive sample attime =0,

[1.11.6 Units o activity |

The activity of a radioactive sample may be expressed as
disintegranon per second, The practical nnit of activity of a
radicactive sample is curle {en).

The actvity of a radioactive sample is called ene cune, if i
mndergoes 3.7 = 10" disintegmations per second, Thus,

1 curie (ci} = 3.7 = 10" disintcgrations 5™

There is also another wnit of radioactivity, called Butherford (rd).

The activity of a radicactve samyple 15 called one Rutherford, if
mdergoes 10° disintegration per second,

1 Rautherford (rd} = 10° disintegation s

I 1.12 Nuclear fission t

The process of splinig of a heavy mmeleus o mvo nuclei of
nearly conparable masses with hiberation of energy is called
nuclear fission.
e b 1756 14 Ay 1.4
STt [LTF] o Batte K™+ 3a’'+ Q
Newtren reproduction fictor is defined as the ratio of the mte of

producticn of nanrons to the rate of loss of neutrons. Thus.,

. rate of production of neutrons

rate of loss of neutrons

A fission reaction will be steady, mease k= 1. Incase k > 1, the
fission reaction will accelerate and 1t wall retard, mmcase k< 1.

[ 1.12.1 Suclear Reactor

Main parts and their functions :-

L. Fuel: Itis a fissionable material mos iy U7 Y,

-

Moderator: Tt s used 1o slow down the neurons released
diing the fission. The most conwmon nexlerators are water,
Ligany waler and eraphite.

L

Control Bods: these rods are cadunan or borom, which control
the clizin reaction by absorbing neutrons,

4. Coolant and Heat Exchange: The coolant takes away heat
from the reactor core ad 1in v heats the water m the heat

exchanger to produce steam The connoealy vsed cooluts
are liquid sodinm and heavy water,

5. Fadiation Shielding: Thesc are thick concrete walls, which
stop the radations rom gomg ouwl.

i 1.12.2 Radiation Hazards I

1. Thie exposure 1o radioation iduces delectenious penelic
effects,

2 The strong o-ray exposire can cause hug cancer.

E) The exposure to fast and slow newtrons can cause
blindness.

1, The exposure to nevirons, protons and o-particles can

canse damage 1o red blood cells.

A

The exposure to a-particles can canse disastrous e ffects,

G, The strong exposures to protons and neutrons can cause
serions damage to productive organs.
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1.12.3 Salety Measores from Radiation ITazands

Followmg precantions are observed by the workers engaged 1

this field:

1. The radioisotopes are transferred m thick walled lead
containers and are kept i roons with thick walls of leads,

2 The radioisetopes are handled wath the help of remote
conrrol devices,

3 The workers are asked to wear lead aprons.

4. The radicactive contanunation of the work area i= avoided

at all costs,

2. CATHODE RAYS

Whena potential differenceof 1010 15 53 1w applied across
the mro elecorodes of a discharge mbe and pessine is reduced
to 0.0 non ef meroary, the rays koo as cathode ravs are eniited
from the cathode. These rays are mdependent of the nature of
the gas in the dischiares tube and thewr direction of propagiion
is not affected by the position of the anode

i Properties of Cathode Havs

Cathode rays have the following propertics

. Cathode ravs travel along stradght Liges aud cast shap
shadows of the objects placed in their pali

2 Cathode rays are shot ont nonmally frons the surface of
the cathode.

3 The direction of the cathode ravs 15 not affected by il
position of the anode.

4 The cathode rays exert mechanical pressure.

A The cathode rays produce heat, when they fall upon
mattes,

. The cathode rays are deflected by electric and magnenc
fields.

7. When ¢athode ravs strike a solud target of lagh atomue
weight such as tungsten. they produce a highly
penetrating radiation called the Xaays.

5. Cathode rays ionise the gas through which they pass,

9 Cathode rayvs cam excite flucrescence,

10, Cathode ravs can produce chenucal changes.

il Cathode rays can pepetrate through thin sheets of matter
without punenarmg then

12 Cathode rays are found to have velocity upto ooe tenth

of the velocity of light.

3. FREE ELECTRONS IN METALS

Electron is a fundamental constiment of the atom. Ametal contains
free electrons, vwhich move about fieely through the atoune spaces
in a random fashion. But as soonas an clectron leaves the metal,
inunediately an equal positve charge 15 produced on the surface
of the metal. As a result, the electron is pulled back into the metal
aqd henee remains confined to it The pull on the electrons at the
surface is found to depend on the nature of metal surface and is
descnbed bw a characteristic of the metal, called work function.

I Work Function I

The mininmn energy. which must be supplied to the electron so
that 1t can qust eome out of the metal surface s called the work
funciion of the metal,

Tlhis praseess - called eleciron enssion and may be achieved in

1hie Bl e wirys

i} Thenonowonie emssion. Iu this process of electron
e1tuts ston, the addional enerey is supplied m the form of
beat The enutted electrons are kmown as thenuo-clectrons.

{11) Phiotoelectric emission, Iu this process, as alreacdy
discnssed, the additional energy is supplied by means of
clectromamenie radiation. The emitted electrons are
Enown as phetoelectrons.

iy Secondary emussion. s process, the fast moving
clectrons on cellisien with the mwetal swrface knock owt
clectrons, called the sccondary clecrons.

() Field enussion.

4. PHOTOELECTRIC EFFECT

The phenomenon of ejection from a metal arface. when bght of
suflictern Iy ngh frequency falls uponat 1s knownas te photoelecine
effect, The electrons so emitted were called photoe lectrons,

Experimental Study of Photoeleciric Effect : The apparats
couststs of au evacuated glass tube Oued with tovo elecrodes.
The electrode E is called emitting electrode and the other elec wode
Cisealled collecting electrode.

Whena sutable radiation is incident on the electode E, electons
are ejected from it. The electrons, which have sufficient kinetic
energy. reach the electrode C despite its negative polarity. The
potential difference berween the two elecirodes acts as the
retarding potential. As the colleeting electrode i1s made more and
more negative, fewer and fewer electrons will reach the cathode
and the photo-electric cwrent recorded by the amumeter with fall
In ¢ase, the retarding potenial eguals Vi, called the stoppng
potential, ne clectwon will reach the cathode and the cwTent wall
beconw zero. Insuch a case. the work done by stopping potential
15 equal to the maximen Kinetic enerey of the electrons Le.

eV, =12mv




CLASS24

MODERN PHYSICS

Lagln Bays

4.1 Laws of Photoelectric Emission

1 The emissien of photeelecods takes place cnly. whey
the frequency of the incident radiation 1= above a cemain
critical value, charactenistic of that wietal. The cnnical

vialue of fequency 15 Enown as the tlresheld reguency

for the metal of the enumng eleciod:

2 The emission of photoelectrons starts as soon as light
falls on metal surface.

i The maximum kinene energy with which an electron is
emitted from ametal sface 15 independent of the mensity
of the light and depends only upon it frequency,

4. The munber of photoelectrons emitted 1.¢. photoclecine

current is mdependent of he Tequency of the meident
light and depends only npon its nitensing

4.2 Photoelectric Cell

A photoelectric cell is an amrapgement, which converts light
energy into electrical energy. Photoelectric cellsare of following

tree Dpes:

1. Plistoennssive ¢ells
2 Photovoltaic cells
1 Photoconducinve cells

A photo emissive cell may be of vacuwum type or gas filled npe.

Light
Iavs
[N + —
—
[
! s—

RN NN RN

Working - Photoemissive Cells : It consists of two electrodes, a
cathode C and anode a enclosed in a highly evacuated glass
bulb. The cathode C is a semi-cylindrical plate coated with a
photosensitive material, such as a laver. This is called de-Broghe
relation of cesium deposited on silver oxide. The anode A is in
the fonm of a wire, so that it does not obstruct the path of the
light falling on the cathode.

When lhght of frequency above the threshold frequency for the
cathode surface 1s mewdent on the cathode, photoelectrons are
emnitted. Ifa potential difference of about 10 is applied between
the anode and cathieds, the photoelectrons are anracted towards
tlee ancde and the mucroameter connected in the circuir will
record the current.

14.3 Applications of Photoelectric Cells I

L. I s weed moa relevision stedio to convert the light and
slinde of the olject mte electrie cwrrents for ransmission

of pictre.

12

It i nsed inoa photographic camera for the antemanc
adjustiment of aperture.

i 11 15 used for automsatic counturg of the munber of persons
entering a hall, & stadivm eic.

4 It os used for amtomatic switching of street lights and
riaffic signals,

S In 15 wsed for rmsing o fre alarmin the event of accidenal
fire in buildings, factories etc.

i, It is used in burglar’s alarms for houses, bank and
freasuries.

5. DUAL'NATURE OF RADIATION

The various phenomena concerning radiation can be divided
into three parts:

1] The phenvmena such as imterference, diflraction,
polarisation ete. in which interaction of radiation rakes
places with radiation itself.  Such phenomena can be
explained on the basis of eleciromagnelic (wave) nature
of radiation only,

(it The phenemena such as photoelectric effect, compton
effect. etc. m winch interaction of radiation takes place
with matter. Such phenemena can be explained on the
basis of quannun (particle) uanwe of radianoen,

(i} The phenomena such as rectilinear propagation,
reflection, refraction, ete. inwhich neither the interaction
of radiation takes place with radiaticn, nor of radiation
with watter. Such phenemena can be explamed on the
basis of either of the two natures of the radiation.
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6. DE-BROGLIE WAVES

Loius-Broglie put forvward a bold lypothesis that natter should
also possess dual namare,

The follovang observations led lum ta the duality lypothes:s for
mater.

L The whole encrgy in this universe is i the form of matter
and electronmmetic radation

[

The nature loves symnnetry. As the radiation has 2ot
dual nature, matter should also possess dual natre.
Thus, according to de-Broghe. a wave s associated with every
moving particle. These waves are called de-Broglie, waves or
matter waves. According to quannum theory of radiation. energy
of a photen is given by

E=hu AL

Further, the enerey of a relativistic particle 1s mven by

———

1 ¥ ¥
=-|'||I.'Il|}|: TPt

Since photon 15 a partacle of zero rest mass, sofle oy = 01 the
above equation, we liave

E=pe Al
From equation {i) and (1i) we have
pc=hu
hv hu .
of p=—=— [ . e=ul)
C  uk

_h

P=3

Therefore, the wavelength of the photon is given by

h
h=—

p B {11
Hence, de-Broglie wavelength is given by

h=— i
mu 1)

This is called de-Broglie relanon,

6.1 Conclusion

L Ligliter the particle. greater is its de-Broglie wavelength,

2 The faster the particle moves, smaller is its de-Broglie
wavelengl,

X The de-Broglie wavelength of w—particle is mdependent

of the charge or nature of the particle.

4. The matter wavesare not electromaguetic in nature. If the
velocity of the particle is comparable to the velocity of
light, then mass of the particle is given by

my

Iﬁ.! De-Broglie Wavelength of Electron I

Consider that an electron of mass woand charge ¢ 15 aceelerated
theengh a porential difference V. IFE is the epergy acquired by
the particle, then

E=eV D

1w s the velocity of electron, then

[
[ 2E} Y
E=12oworu=y000 .o
- Oru 'l;~.[!|1.u {o)
Mo, de-Broglie wavelength of electron is given by
I h
m L n'.,‘-r.-.’ul_', fm
h
n e T (o)
v 2k
srbstinenng the valne of E, we ger
h .
e A
v 2meh

Setingm =91 - 10" kg;e=16 107""Candh=6.62 = 107 Js,
we pet

12.27
" ———— -1
2, \ﬁ.,' 107 m
12.27
(0.} LT —=A AV
\le'_.-

For example, the de-Broglie wavelength of electrons, when
accelerated through a potential difference of 100 volt. will be
1227 .o

:I'_' 1".___1

~Jhoo

Thus, the wavelength of de-Broglie wave associated with 100 eV
electrons 1s of the crder of the wavelength of X-ravs,

7. THOMSON'S ATOM MODEL

Thepositive charge is uwniformly distributed overthe entire sphere
and the electrons are embedded in the sphere of positive charges
Just like seeds in a watenuelon or plums in the pudding. For thas
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Thomson's atom model is also known as
plum-pudding medel. The total positive charge nside the atom
15 equal to the 1otal negative charge camied by electrons, so that
every atom 15 electrieally newral, If the atom gers slightly
pernubed, the electrons in the atoms oscillate about their
equilibrivm position and result in the emission of radiation of
definite frequencies in the formnof infra-red, visible or ultrasvielat

light.

reasomn,

Failure of Thanwons Atonm M ode]

It had te be discarded, because of the following reasons:

L It could not explain the origin of the spectral lines o the
form of series as in case of yvdrozen aton

2

It conld not accoumnt for the seattennz of a-particles throneh
large angles as in case of Ruthertord s a-seattering
expenmenl

8. RUTHERFORD’'S ALPHA SCATTER

ks
EXPERIMENT OBSERVATIONSS

1. Muost of o-particles were found o pass threngh the fold
foil withow any appreciable deflecrion

2 The different c-particles m passing throush the gold foil
vnderge dafferent o of deflections, Alarge nwmber
of e-particles suffer fairly large deflections

L A very small number of a-particles (about T in S000)
practically retracted their paths or suffered deflection of
nearly 1507,

4 The graph berveen the total mumber of a-particles (8]
scattered through angle 8 and the scattenngz angle B was
found to be as shown m fig.

™
[ 8LF
H —
The experimental observations led Rutherford to the
following conclnsions:-

l. Sinee most of the a-particles passed wndeviared, M2 atom
has a lot of empty space in it.

2 Since fast and the heavy a-particles could be deflected

ever through 130% the whole of the positive eharge and
practically the eptire mass of the atom was confined to an
extremely small central core. Itwas called miclens. Since |
m about S000 o-particles 15 deflected throush 1807, the sire
of the nueleus is about 1/10000th of the size of e atown.

I 5.1 Rutherford’s Atony Model |

On the basis ofthe results of e-seattermy experonent, Rotherford
suggested the following pictire of the atony:

1. Atom may be regarded as a sphere of diameter 107 m b
whole of the positive charpe and almost the entire mass
of the atom is concentrated in a anall central core called
nucleus having diameter of about 10-¥ m.

z The nucleus is smrounded by clectrons. In other words,
the elections are spread over the rewaming part of the
atom leaving plenty of emmpry space in the atom,

8.2 Drawhacks of Rutherford's Atom Model ’

1. When the electrons revolve round the nucleus. they are

contimiously accelerated towards the centre of the
According o Loventz, an aceelerated charged
particle should radiate energy contimuwonsly. Therefore,
u the atem, a revolving electron should continnously
ernt enerey and henee the radius of ws path should go on
decreasing and ultimately it showld fall into the oncleus,
However, electrons revelve round the nucleus without

L] e s

Lallme wto ot Therefore, Butherford's atom mode] cannot
explain the stabulity of the aton

2 If the Rutherfords atomy model is troe, the electron can
revelve moarbits of all possible radii and hence 1t shouold
cuul contmmons energy specinms  However, the atoms
Like hydrogen possess line speetmum

8.3 Distance of Close st Approach

Coasider the an c-particle of mass m possesses initial velocity u,
when 1t 15 at a lorge distance from the nuclevs of an atom hinving
atonue munber Z. Atthe distance of closest approach, the kmetic
energy of a-particle i1s completely converted into potential
energy. Mathematicallv.

e 2
. defZe)| - = T
12mr=- —\ — ];} L]
= FET A r drme, 1/ 2mus
o 1]

+2e

el

mou

I 8.4 Impact Parameler

The scattering of an alpha particle from the nuclens of an atom
depends upon the inpact parameter.
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Impact Parameter of the alpha particle 1s defined as the
perpendicnlar distanse ofthe velociy vector of e alpha particle
fromn the centre of the nucleus, when it is far away from the atom,
It is denoted by b.

i Zelcotd/2

T odme,

1/ 2w’

Trajectory
ol a-partcle

--------------

8.5 Discuossion

The following miterference can be den from e above equation:

1. Ifthe impact parameter bis large, then cot 0 2 15 also large
Le. the angle of scattering 8 1s small ad vice-versa.
Thus, ifan c-particle has large impact patmeter, it gets
scattercd through a very small angle and may practically
o undeviated and of the w-particle Las swall moapact
parameter, it will be seattered through a larce angple.

4

If the mapact parameter b 1s zero, then co1 82 = 0 or
82=90"or g =180"

9. PHOTON

A photon is a packer of energy. [T possesses energy miven by
E =l

Whereh =6.62 = 107* Js is Plank’s constant and v is frequency of
the photon. If & 15 wavelength of the photon, thew ¢ = v
Hence,c=3 = 10° ms* Js velocity of light. Therefore. E=hu=he?
Energvof a photon is usually expressed in elecron volt (47,
leV=6=107%]

The bigger units are kel and AMeV'

IkeV= 16 = 1*and | MeV' = 1.6 = 10-1]

10. BOHR ATOMIC MODEL

Bolr adopted Rutherford model of the atom & added some
arbitrary conditions. These conditions are  known as his
posmlates -

(i The electron in a stable orbit does not radiate energy . i.e.

mv: kze
T T
{ii) A stable orbit is that in which the anpular momentum of

the electron about nucleus 1s an mtegral (n) nmitiple of

L_ le.ant =n— n=1_2 3, ... [+ 0.
n I

{iii) The clectron can absorb or radiate encrey only if the

electron jumgs from a lower toahigher orbit er falls from

a lagher toa lower orhit,

{iv)  The energy emitted or absorbed is a light photon of
frequency v and of energy E = hv.

| 10.1 For hydrogen atom : {£= atomic number =1)

) . 1
= angular momennun in the un® orbit = n—

m 1,

(i 1 =radws of 0™ cucularorbit =(0.529 A% 0 ;
(A= 10%%m) i 1 =

136V

(iii) E Everey ofthe electron in the nt grbit = - = 1.e.

Teotal energy of the election m an atom 15 negalive,
nhicating that it 15 bowid

_136V

Binding Energy (BE) = -E
. nl

n
v B -E, = Energy emined when an electron jumps
fromm 1, orbit to n,"® orbit (n, > n,) .

AE = (13.6ev) [l L |-

n, n:

AE = hv:v= feguency of spectral line emitted .

1 L
I = v =wave no. [ no. of waves in unit length (1m)]

11
LTI
Where R = Rydberg's constant for hvdrogen = 1.097 = 107wt

) For livdrogen like atwan'species of atomic number Z

Bobhr radis - I
= e =[0.52947)
A A

or

E, = (-136) Z—re"
o= (-136) =

E_ = RZ° - Rydberg's constant for dlanent of atomic no. Z .
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If moton of the nucleus is also considered. then m 15
replaced by w

Where p = reduced mass of electron — nueleus system = mbi’
(ot M),

uthis case E, = (-13.6 ev) 2y A
n- m

3

10.2 Spectral Sevies

(i) Lyntan Series : {Landig ;mbitn=1)

Ultravioler tegion v = RLL——[ I T
R | 4

(in Balmer Sevies @ (Landimg orbit n= 20

Visible repion 7 = R[ s

{iiliy Paschan Series : (Landme orbit n - 2

In the near infrared region v = R{ .[_. G 2

HE 1
(v  Bracket Series @ (Landing otban n=4)

.g S : 1 |
Inthe mid infraved region v = R[T 11, = 4

¥ Prund Series @ (Landing orbit n=5)

In far infrared region v = R|:L - ! } i =5
AT n; N

In all these series n, =mn +1 is theo line

=, 2 is the pline

= n, +3 is the yline .. ete.
where n, = Landig orbat

11. X-RAVS

u Litss

chamber ﬁ

"__E O—
o——= 0

I.

amikle

lilansenl

Intensity

=i

I 400 500 500 00 K0 WD
Winvelenygth (pm)

That there 15 a nommmm wavelength below wlhich no X—ray is
erunted, Tlas 15 called the euroff wavelength or the dweshold
wavelengil.

Certain sharply defined wavelengths, the intensity of X-rays is
very large oy marked K, B“c These X-—1avs are known as
chiapactersties X-rays. Orlier wavelengths the intensity varies

grachually ond ihese X-ravs are called continuons x-rays.

fic A hic
B = — e S
E el
[ Py
[ K
1 I,
| La
M - X l E
N z £
E=1
he .
= fork
Ey -E,
o -k, o o= gk,
E, M L~ Su
o 3
=
= ol
=
= by
L= 11
0 |‘|: :'u _":n qlr: i-'n r«;l
Position number
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