Class 12- Physics Board Notes

12. Atom

.
N
- A
J. J. Thomson Ernest Rutherford Niels Bohr

Thomson Meodel of Atom

Accovai Ao Hag Thomsen moolb\’ evewy
atom Covaist of a pesitiv c = o
vadius of the Orczr;. o dg""mmiﬂ:’{mwmwb;
mams amel pesitive chasge of the cdtom ase unifomiy
iatabudad . ,

Tsiole. Huis SPkML, Hie electhons @
embeded like seods in a watenmelon.or ko
Plums in a pudding, The number. of electron is swh
that Hadir 0 'v&chqhan_ae_n,’un.liom
pesitive. ch of 4he cdom. Thus +he adomn 44
ezled’ﬁca.,u.y neutel.

Limitations of Thomson Atom moole]

(1) It cowld not explain +Hae
Ovllg;'n of SPQ&M Serjer o}
Iua vogen ond other atoms,
obsealed experimentally.

(i) T+ could not explain He
!M.gl. angfe scatlexing of o-
pah.i-ida.s?,‘fnm 'H'u'.n.gwcd
foils, as observed ba Rutherford.
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Rutherford's o- ray Scattering Experiment !

The CxPlJ\:lW\lhd'a_' so}u_P used b& Ructhes ford
and his  Collaborvators, Gdaex and Marsden &
Shown in 'f‘ta*—

S i a piece of vadioactive Sounce (858;’"")
Covtained in a Mad Coavity. The - particles emifed
ba Hhe Sowree axe Collimated indo a nowwew beam
with  Hae kd{p 0} a lead slit ( Collimador).

COLUMATOR [ \

\
\
|'°°LDF°"- ——» MOST-a
(10"®mthick) —+—»  paASS
..... —

> e STRAIGHT

’

LEAD v

CAVITY / [

ABOUT 1in8000-a _ ~»
IS REFLECTED BACK

~ ! 7ZnS
s, SCREEN
\\,5

- g:mcnoscope

The Collimaded beam JiA allpwed o fall n
a Hin gold foil of thickness of the order of 21T m.
The ®-panticks scattered in lifferent clivections are
observed Hrvo a yotatable detector Conai«s{ina of
a zint sw#\ﬁi Screeny and a microscope -

The A-partides cluce. b fashes on the
ZnS Screan. ';'P?\:& mmobéwv 31':%:. micyoscepe
and Coundes! at ol ana»{&s from he clirvection
of incidenee of the m- TRe. angle € of duvation
o)C an  o- pardicle fnmn uts oriafmcd divechon is Galled
JAs  Scatfering ar@ie_ 0.
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Observations - .
———————— A graph J3 plotted betwen Hae
sca.#ulna angle © amd the number of o - Particles
N, Scatlerrd at £6 for a large number of d-faricla.
we find that -

(i) Most of the o- panhicles '
St s
Bt o 79 T ¥

il. It means

’”“*j oo net Suffer a 1
Collision with 80H ann:réu ;gw’
(i) obout ©0147% of 2«':
inci o - particles Statfer U 2 4 % 8 10 120 10 100 10
b3 wore than L. SCATTERING ANGLE (6) wets

(i) About one d- pasticle (n every goco of porticles
clufects ba move than 96.

Explanation - , ,

—————  An_ A- panhide 44 oven Tooo more

masmsive than an elechtn | and in this expevimend,

- particle L travelling ot a hi spced,-}hwgm,

v Ah’on? Joree alene” coudd  have leflected
large angles.

g gl Twia Led Rutherfovel 4o
postulate that the enkire positive change &f the ahm
must be Conantrodid v a Hiny centvol Cove of
Hae adom: Thia Jting Cerdyal Cove of each ajom
was called atomic FHuceus.

An A-parficle Cawsies two units of pesitve

amd has Mass of a helium afom. C on

ld nucews = ze , where z of 30[0‘ 44 79, As Jold

nuclews 48 about So Aimes heavier Hian an -

particle , we assume thot i wouldd remain stable
in the scni:tv«.ina Procss.

Class 12- Physics Board Notes Target Batch 3




Thurefore, the lectory of o-partidle Gn be
Covnpute u;b'm% M::im's*g/{aw of motion amd
Cowlomb force of repulsion between &-panticle
and 84!& nucleus i-e.

F = _1 (ze)(2e)
471 €, Y

Whine ¥ A4 the diatance o «- paxdicle ~5\—v~m +he
Certre of the nudlews.

ATOMIC
NUCLEUS

s
Y

INCIDENT a PARTICLES
WN AN W

As shown 1n e an - pardicle (1) tendin
o collide with the nu]fl'ilu, _SlowP down e 4o d

repulsive fovee of the nutleus, fin Stops and
i:P-f'hm replled back. This a- ’ 'd:}f"j
rehaw ads path , scwuvu’crg ugh 180"

The d-parntcles 2 and 2' +e~noung do Wit +Hae
nudems ot s pexipheny, experience. Sho
vepuldive foree and et scattersd through  largt
oﬂg«{cs (6>25)-

The - pardicles 2 and 3'., which pass ef a
Aatance E-rom the nuclews experience small r ve
forers om Jut scatfered -r“hrougk small es,
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The o-partices which pass at L dstances
Fom Hhe nucleud go almost und.uﬁﬂ

We can 2how thot Hae number of o - Particles
SCA'.uwd per Uit axea N(O) i .scqﬂuind' anft_
B vames iwersely as  Sin®(£)

N(8) &« W

Distance of closest Approach-

when O - pasticle i directed towanrds Haa
nuclens, e Kinehic evangy - icle goes om
ol:.cr(a,asing and ™M Jwen d:tdﬂcasah?dwfg
goes on increas) due H0  CouwlomKs 1kPu.ls'|ve fosce
befween nucleus and X- panyice..

At a contain clistane 1o from Hhe nucleus,
K-E- of - particle reduces o =exn. The particle Stops
ond wt camnot Fo, losen 40 the nucleud. It is vepelled
by the nudeuws amd thowfore, I vetme ks path,
{wmhna Haow Bo. Thia distomee ¥ 14 Known a»
the dotane of closest approach -

Electrical potential ot oliddance Y% due to nuclews
Vv = _Lx.%%_

ATiEs o
Potential Enongy of &-partick at dutante Y. from
Hae nudens =  Ptenhal X d\w\a‘.

PE. = 2% __X2e
4TILE T,

Kinetic E of o panticle of mass m movin#
with  veloth Vo4
it velotity > | ke=Lm*]
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As at He didtance of closeat appiach -

K. E. = P.E.

Loy - Zer2e

=™ aTTE. T,
o¥ Tg = ZzCc r2e

4T & (—,}_—mv’j

Impact Pavameter ( b)

Tt 4 dl.b(mal ar the perpencliadan distance
of Har inihal velotity eof X-paHele from the
Centvol Une of Hae nucfeus | when e panticle
A for away grom the nuceus.

o o

VELOCITY e 00 —
o PARTICLE - ﬁg' L]

SR g2 (]
b o

_____________ i
T TCENTRALLINE !’20 o

10|

DISTANCE (M) iy TPRGET
NUCLEUS

When the impact parameter. i lm.a:_,Qn
A - particle  will otun;r::z f‘hrou.g,h a much Smaller a
However | hen ivpact parameten. id Amall , foree
e;cfw:.‘«enual A lwng and the o- pardicle wiil Scatfer
*Hrm:ugh q Imao. qnaja.

R o codculated am.ld«’h'm.uy +Hae rvelation
between Hae impact pasameter b and Scaffering angle
B, which 44 &V&h b&‘

o ke ze"CotﬂE 1 2
b= e K E. E<-E.=.2__mv ]
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Rutherfords Atom Model -

(L) Evezué adom  Conzist of a tingy centyal Cove,
Called " Haze adomic nudeus in which +he entire
positive ckma.z_ and admost entire mars of the
atom  ane Contenfrated.

(3) The siee of the nucleus & of +ar ovdes of 16°m
which 4 Amall a8 Gomparso| it the size of
the atom wwh.uobﬂ\z_o’{duof 16%m.

(3) The odomic Nnudews 44 a number o} elechonk. As
edom A electric newhra), the toda) negocive
c of elechont” Awvounding Hae nuctens 4
equal 4o totad positive change om the nuclens.

(4) These <lechonas revolve awound) +he nuclews in
various civeuwlan ovbits. The cexchipeted Afovee
re.cruirﬁ:l by elechon for vevoludion 44 proviced
by the elechrostatic Hfovee of atlrachon between
'}il elechomA and the nuclews.

Emv“ of the electyon in ovbit

Let Fc = Cenhapetal foree mc‘uired Jo Keup a
onlving electonn In orkyt
fe = elechostactic (foree of athrackion bedween the
ru/oMng, elechon and the nucleus
+hen fov a ddnqm'u‘.aujy stoable ovbit in &
Nddwgzn adom (z=1) -

Fe = Fe
2
mv*>_ _e:-@e > R ST
v ATTE Y2 my aTET

K:E. of the elechron in the ovhit = %_-mv"'
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2
Hence VB, 2
s BNE Y

Potentia] energy of elechon i orbit-

U = E('C-D = —e.’—
4NEY 4TTELY
V. Total enhgy of elechon in kao!wden ajom -
E = KE 4+ U
_ _ex _ e
2 BNE.r  aTleet
ox - e O
E BIlE, YT

Henw the dotal) energy o elechon in orbit of

= atom 44 negamive.. Hence | Hhe elechon 44
bound do the nudeus e the elechon 41 not free
2o laave Hae orbit anound Hae nuclews .

Limitation of Rutherfovd Atom Model -

(1) Accordling o the classical
EM Harovy, Hae -ruolv'ma, d(dmjum
must  vaoluatz entay N the =
0of EM Wover. As wenolving elechon e
Loses um#inumlx., it must e
o] inWards and f£in
isf:lo the nucleuss b{’iwmﬁnﬂﬁ
A Atabe, we cannot expect Hae
edoms So Csllapse-

(i) As Har vewolving elechons spival jnwasds , Haeiv
anguwlas velocihies amd hance Hudr frequencies of
vexphdtion wouwld chonge Cordinuously - Therefeve., Jrequenty
of EM wavesr emitted must change.  (ordinuonsly ..
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v¢ , ajoms zhould emit continuous .s’xd-vum,
but we obsesve oruﬁ a Mne sSpectum.

Bohv Model of Hyclvogen Atom-

There ke Hhree basie postudates of +Huix mode -

(1) Ev odorm Comsist ¢f a centl Cove cCalld
nucleus, in which entire poditive c omd
atmost entive. mass of the atom are conantraded.
A suitable number of elechrons revolve around
He nuclens in cive ovbits. The cenhipeta)
foree 'requ{mol for wewvolution i provided ba Hae
2lectrostatic foree of attvaction bedween the clectrn
and tae nucleuas.

Cendripetal fovee = Elechistatic foree of atfrackion
mv* _ _1 (zed(e)

Y 47Tl&p E
- mv> - Kze k= Yame,
- - z =1

(2 Accarauna Ao Bohy , electhon can revolve
in cerdain “acrete nen rad.«'d.&'ng, ovbits ,
Stodibn ovbits which i memerdtm
of Mmo!vina’ fl:d'ron 44 an Wernlmulﬁp‘&
of ham, whue h Jda plank's Constand.

Thut the a4 momentum of a orb'ph'ng electron
A Quankised:
= "1‘\ =
mvy = Q. ne 12,9

Hert 7L uad Calleo] pranciple Quandum numbes.

# The clectron, while vevoling in such oxbits,
Shall not Lese eneagy (e s enengy wouldl
Stouy Conuatant-
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(2) TRe emission / mbsorbaﬁon of occLiLs
Whan an elednn umps foom omeno'g?t}s spcaj?::lﬁ
non - Tnotwdm? 1 Jo anothexr . i
in the tolal  enea of elechon in ‘H'\l_ +wo orbats
Js absorbed when® the electon jumps from an
inner. 40 Gn oufer. ovbit and emitled when ekehon
Jumps fsom  outer. Fo the inner ovbit

[ e =E,-§|

WAL 19 B Hae frequanc of racliohion emitred on
JW"’\P\‘O& fmm outer. 4o Inner orbit o} emthgy
E, ond E 'rupechvdﬁ

Racius of Bohr's statienary Ovbits-
we Know Hd Afov Atvdiontmg orbits -

= mh S o
ey Y > Vi oE wwy
B uwtds i mv?* = Kze?
4 P ng the value of Vv in 3 =
DS m ox R = KzeZ
41TEMEr> T
2.1 d
Y n*h for ¥o ajrm
T AmKer zkgl &
Tt shows Hay - Yoans

Hena the radius of stodio orbits ane in
He vatio 1*:2%:F: and se m ite Liy:gl..

Cleanly He Stodienany orbits are not esually Spaced.
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Velocity of elecévon in Bohr's statiomary Ovbit

As we Know thot - V& = Kze?

Y it
oY ¥ = Kze* —_ (1)
my™
- _n e
and also -ﬁ—b\v =)
by equaliom (1) and (2) we Zef -
Kze*x . _nh v 2 2Tkeed
my* 217TMmV m

for  huphogen atom, z =) v;?-_:hl&"_

As V4o hence Hhe ovbital wlo&iy of electron
in owfer orbits W Amaller as comparsdd Ao s
value in the inner ovbits.

Frequency of electvon in Bohy's Statiomary orbit

It 4 the number of vewoludions Ccompleded pen
setord by the elechon in A s{'a:t{omxaf orbit, aretmd
the  nucews. Tt Jarefruen}edbav.

As Vzryw = rv(2anv)
y=_V - 2TMKzZe? = kzel
271Y rnh. 27Cr nhr
v = Kul # V= K&‘- z =
BhY nhY for hydragen
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Total Energy of electron in Bohr's Stakionary Orbit
Kinddic enongy
orbit s f

of elechon wdw'na in a stationay

E of elechon = Lmv* = Kze [bi "‘u
Electron
Vv
Polential enmrgy Of elechon = Poterdial x Change
PE. of electron = Kzex(-e) = ~kze®
Toted energy of elechon In the ovbit -
E = KE. + PE.
E = _L___Kzez o= L_al = -Kze?
2 7y 'S 27
putti = R we .
LJ & A 4n*m kze* 341
E = — 2lUmk* 224
R
EJ SubsﬁMna the Standard valued, we get-
E = "1'3‘,:_“ ev e«-’“-,_
Hence Hhe Hoda) eanngy o elechon v a stas orbit
4 ive, Whith muns thel tHhe elechon 1's ko
uclws and 3 not free 4o leave it
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& Whon M=L Hen Hus State of Lowert eneagy of
tHe atom Ul Colled grounol stote. The enmgy of this
Atate b E; = —J3.¢ ev-

* Thougeve, the minmym  enta requived Jo free the
elechon from the gvound stake of hydvogen atom 43 13¢en
Ths A Callid Jonisafion enersy ofy hydvogen  actom.

* As n merveases, the value of nconw&'ve eneagy

clecreases e energy i progressiv Jw.ﬂu e
He ouder ovbits. # d e’lfj




Oriain of Spectral Unes
At reom tcmro\o!tw_, most of the hudvogen atoms
ahe 1M grou statz. when « L\.ydmzm aiot;jn éemanvu
erungy loa prousses such ax elechoh ¢
e atem

ollisions or heat,
requive. Su_ffu'denf enorgy o vaise the
elechon o k‘;.a&u.h_ enengy stote .

Ez —» PHOTON
N

hv

from thure excifed statws , the elechon can falt
back 4o o stale of Lewer and emitting a photon
o ' e = differnce In enngies o} the
4 o ey L=l s ik

Let &) and €, are tie Hotad

ob elechon
in Hie inmexr and owrer ovbit weapechvela.
When  an  elechon jumps

an oufes Fo an inner
ovbit |, the entrgy  of vadiation emitted Ja given bd_

"\V = Eq_‘ 5|
- 27*mK3*2et [L _ 02
K W nt ;E
he = 2m®*mitztet [1 _ L
A n oo

oY

—_—

4 o« antwktee® L . J
A n

n,-
ch® 1
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Now &:'\7, where ¥V U2 Hae wove mumber of
vadiation emitted (-e. number of tomplete wave in unit

Lt omd

2m'mK’e? = R (Rydberg Constard )

[
v R = L.037 x10” m™
Hence = . For lydro
vo:R[% o

Above equolion u» colled Rujdborg formuda for the
spechrum of kddma.uq odom.

¥ By akoe fomula A A8 Cles that wavelength /
frequencies jwave numbers of radiations emitted b
the excted hydho atom one not  Condinuous.

L}ua" hansge.n)sfecif\'c valurs d&tha Upon the \dus
] 2.

* F’rec'umcv ofy vadialion emitted cohen +he alom
maker tansition drom tae Lughu_ enngy State
(n2) +o the Llower wh% Atode (n,) -

= £ 3 L
v A—)v-gc,;?.r{&

Class 12- Physics Board Notes Target Batch




Find the watio of cnngies of photons Pprociuad
&6 due Ao tamsition of am electon of “"1""’3“" cdvm
fom Us  (a) Second paumitresd enongy el
the fivst Loed (b) the heighut peumitfes) uw\gs,
Lwel do Hee -bﬁf paamitted Lovel-
_Sel. (&) Enengy of Photr velrased = E,- E
= —a.y - (~13:6) =lo.2ex

(b)Y The g{g&u peumHec\ %Wdhh{—;wﬂ'

PUL'mlﬂ - ’
= 0 -(—136) = 13 6ew
Y i o = 42 - 8
Redio ofy enugies e Photon 3.6 q

What U +he vatio of racdius of +he ovhits
cosF CoﬂchOﬂab‘n? Ao fivst excited stule and ground
Statr m a l\ya/m atsm 7

Sol:  For fivat excited state n = 2
Gvownd state oceuns for n o= 2
Y an*
Henee T Y = (?;)1
T N L
Ry = g1

The wadius of ivnermost elechon orbit of a
B I»,d atom Js $3x165" m, what 8 the mdivs
it in tHhe Second excited sgtade ?

Sol. TF\L yadiua 05 atom  whose Pltmaple, quanfum
numb@\,.unqa\/m r =nmn
Hee % JA vadius of mnermost (n=1) ovkit .

For second excited stalr n=2

Y = (3«5 3x(c!! = 477 x16°m
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Bohv!s Explanation of Spectral senies of
Hydvogen Atom -

Wwhon an atomic oY vopowr at low Pressure
£ excited ws Ioa &'mg_ an electvic cuwund
o 4, the / uwn emits vadiations of cerfain

Specific wa o » Thia Kind of spectrum ud
Called "Aine emission spectrum"” and it consists of a
few b&g&d Lines on a dark baa%mund.

410 e 434 rem. 486 nm 656 ren.

whan Hhe white J«dﬂ\f LA /sted through the
ka

Sarne [Vapour., we cbierve a 'bri ol
C’(bssefta a 5@’3 dark linea Sn‘am' 'ng Hae miss
oy the (waveltnyths “hat” are a.bso&bw’l.g

MVWS
ba 39_5 ’T\Ly form & “Line absophon sFednm'f

It was found that missing wav Ghe Hha
Same aAs the waq rnd in “the emission

spectyum ok #\L;u/w,mua

Bohr ve hid Hupyy © ahm about
spec;ffal Sv?:!» which ha o&i:’.\dlﬁm expert
b& vordows  Acientists. Bohr offered a  Haorehical
explmation of dhue spectval series as follows :

Class 12- Physics Board Notes Target Batch 17 ‘




1. Lyman Series —

Bohr postudotis that n Senies 1 obfained
when an elechon Jumps Ao the fivat orbit (n=1)
from amyg owter orbit (Na= 23y....)

wave numbers o cdral Lines o man
Senies wene cCalculaded jaZPf b 17

7 = R[‘f{ - _'l‘_': (n1= 213nq"'->

These values of 35 Lie n the “tdtva violed mdim"
of tHhe Sred’rum.

2. Balmer Sevies -

Accovcling o Rohr, Balmer Aeries b cbtained
when an eleetrn jumps do the secomol oxbit (M,=2)
frvm amy oufer ovbit (N2 = 34,5,---. )

Wave numbesn o} thue spectval limes were Caleuladed

ah -

vV = R[#-:——t‘] (ﬂ;: 3,4.5....)
Tha  Set of spectval
Lings Lie in the wsible
part of the specthum.
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3. Paschen Senies -

Accovding 4o Bohr, paschan sexies <4
obteloual wohen om elechon jumps do Hhe 3 Orbit
(ni= 3) from any outer ovbit (N, = 4,5,6,---).

Bohy calcwloted tthe wave rumber of srcctml
Lines of FPaschen sexier from the velabion :

J = RE{; —ﬁ] (Naswsic.... )

The Value Ok 5 Lie in +Hie infroired Tegion
of the sPcc_-h'bt':m. .‘f"" '-04

4. ByacKett Series-

Accoraling 4o Bohv, Bwackett Serier Ja
obtained whan om clechon jumps do Hhe 4t
ovbit (M =4) from oy outer, ovbit (M= €4,7.--)

Wave number | T = g[-&; —a‘-:.] (n,_: s,t,'1,...)

Brackett series wos  Macoveredl in the infroned
rta»fm of +hae spechum,

S. Pfund Senies -

Accovding 4o Rohy Pfundl sesies 44 obtained
When o elechovn jumps Jo Haw sH ovbit (n,=5)
from any owltea. ovbil (M.z 6,7,8,.-~)

wWave mnumbes v = RE_;_; - —lﬂfj N,z 6,7,8,...

Pfund sSeries wos ticoverd in the nfrared region
of the 2pecirum. '
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Emraz Level Diqamm-

A S which represerds the Foted
erw..gJu; of electrory In Mfferent &Ira.hmar:j orbits

o edom WA cmd%e_uu%.lwd&a%mm
of M adom.

In tha olagram, total iea of electron
i varjows afatio vy orbnts. Qs rq:{cacni’ed |°3 e
po)mlh,l

hotizemtnl Livies drawn accerding o Some
surtable e scale

Toted < Y of electron in nth ovbit of
"‘d"'"’&e’" odom A -

- _ 1a¢
E = =

putting 7 =1, 2,2,

e 341» 84:4 oj—
elechrons  in vwows Afa:bo'naldd_ orbits as
| =
E‘l - —Ti' s 13.¢ e E) E,_: _I:_:_ = =-3yey
= =136 _ _,, - —]36 -
Eq = o 2 Islens Ey = - = - 085 eV
o =B e o =€ o we
Ee == =-0'SY en E; = £E - o 37ey
(o) as N iIncreaser E“ becomes Las rua,m
unfil n=oc _ En=0.

The encagdy Lewvel dmgmm ab shown 1n

for dro atom. The T enngy
f"é kdjmﬂ Waﬂdmm‘yeou
Muﬁmenu%oj'm:.ahm wWhan e elechon

is vemoved (v= ) from the nucleus ond the
elechon 4 ab vesl-
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}ii Pfund senes
Brackett series
—2-0 ;—— Paschen series

2 3330
ool
@ bhuvosg

1
|
A 13

)
-3:0 p—
—40 : Baimer series
!

- n=2

—50 —
-60—
-7:0 i_
—8-0 ;_
-90b—

I
-10'0 :—

Energy (eV) ———>

—110—
]

-120 'l—

-1430 :_

n=1

_14_0‘ Lyman series
¥ As n Increases erwﬁ.&iu of Hhe excated stte
Come Closen. o :

@Cadcu.bdt. Ha waveltnath of Ha Line (ng3)
e n Bolmue senies of hyelvo adem, given
Y Rydbeng Constant R = 1.037 x107 mt
ol. Fov Balmer Aeres, wavelen A4 given by
gy o St i ey & s g
2 n
for Hx Line Na=3, so Hiot
B , ¥ L, A
./1(. 1697 Xlo [zt 31]
7-‘\— = olszy xlo’

A — = gsez A°
C1S24 K]0

0
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@ Photons , with Q cordupuous va ok es

saY ahe made Fo pass -Hrrol.?hq Semple o h:ydt?ﬁn\

" Me tanstons  shown , inclcode -né.nu. of
+he spectyoal absoxption Lines ivy Hhe Condinuous

$P¢ .
o n=o0
N=x
n=y
-2 [m g
|z
n=2
(ev) ~%
-¢
= T
-0
-1
n=1
-

(@) Toenhfy the spechal sesles of +Hhe rogen
emission spectrum, dv which each of these +Hivee
Livus Corvesponds.

(b) Which of these Lines Cevvesponcs 4o Hhe
absovpdion o vadiation of maximum wavelingth 2

Selk (ay T spectrum vepresent Lyman Sexies
because. im s spectrum, elechon jumps
tom n =1 do n=-2.,

Ind spechrum 7vepreserd Balmar Series
becausec i 4 gpechum 7 electyon jumps
ﬁmm n=2 4o n=3.

IMyd Spechum vepasends fouchen Senies
at fine electron jumps Hom m=2 do n=4 in
this 3pechrum.

(b) Spectyed Line I ( Paschen Series Covauspendls
o EM abseyption og radiation of max:'n?um wo.)t!z;y#h.
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@gq)m% Lwels 0 an ajom ore shown
FL, mn Fa.- whic Oj Haem il Yeauld Thm e
%7 emission of a photon of wavdm&#, 275 nm?
(o) pohich bransition Cervesponds o emission of
vadiation of wmaximum waveleng#h 2

A

O ewn
: i L] -2.en
- a4 s en

—10ev

-

Sol: (@) When A= 27Srnm = 27sx162 m  Haen

=z hy = = eex1g3¥x 3x10®
Lo T AsT

275 X167
E = 45 ey

he =
A

Tyanrition & wil)l reauldt in -Hhe emission of
photon of A= 27snm.

(b) Maximum wovelen hatr Mmimum

Transition A provided enengy of 2-en, tohic
A& yammoum.
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De Bvoalie's Explnation of Rohv's
second Y postulate of Quantization

TRe Second postulate of Bohr modled
Souds that aq momexdum o
elechon orbiting awound +Hhe nueleus
A4 quartized.

mvy =
vr=1h

whare N =123

LOUIS DE BROGLIE

Lowys e Bruguc expined +Huis puzzle -

Accorcling o ole e, the elechm in its civewlas
ovbit, ab Pm}:osed bg Bohy, must be seen Gs a parbicle
wave.

We Know thed wohen a st bixed ot two ends
14 plucked , a ZM?& numbea. o wavelen ave excited.
But o ‘Hwse waves which have. n er ot the two
ends j“"’""’ +he /S‘fﬂ'nd.iv? aves and Swunve.

It rmeans +thad in a sting, standing waves
m when fote] Mdtamce trovellud by a wave down
the Atring amd back s ony | v “multiple. o} the
i - A
Wavesr with other  wav s inferéen with Haem-
Selves upen veflection and 'y am/z,&'«luatu vanish

quicklv-
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Hence, accoveling to dLBro?IA'e, a statimary
ovbit s that which Contains an?indegral number ‘of
de Broglie waves associatrsl with the 7 olving electron.

Fox an electson reuolvn'ng im nt  civewlar ovkit of
Yadiws Y,

Fox +he peamissible ovbit, 2nY = nA

Accovding 4o cle dela'e_ A= 'MLV

whire V 4 speed of olickm vevelving in v ovkit

LIEY = ...Y‘_b_
my

= mvy = nh
27T

A"?u.lnh. momendtum mvy = “(Ihi)

Limitation of Bohyr's Theory -

(1) Thia Hhovy 44 applicabe 1o simplest atom
Like hdolm?n‘wi% z=1l. The w falls in Case
of adoms of otun elemunts for which z >1.

(@) The Huony doss not explain why orbits of elechons

one daken as drewlan , while ellipHeal orbits ane
also  possible -

(3.) Bohr's Hwo doex not s arﬁi‘nﬂn about Hac
relodive wﬁm“ of spec(:f‘?al V\B-g

(4) Bohv's Hurovy ooes not toke into account the wave
propenties of electrons.,
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Q1. A single electron orbits around a stationary
nucleus of charge +Ze, where Z is a constant
and e is the magnitude of the electronic
charge. It requires 47.2 eV to excite the
electron from second Bohr orbit to the third
Bohr orbit. Find:

(a) the value of Z,

(b) the energy required to excite the electron
fromn=3ton=4,

Sol. (a) transitionisn; =2 — nz =3; E=47.2eV

\
we have AE=13.622 ———|eV
n|

= 47.2=l3.622(;|2-——1-) — Z=5

32
(b) transitionisn; =3 — n,=4; E="7?
we have AE =13.627 (-——-—l—\ eV
n{ nj}

11

AE = l3.6><(52)(3—2—4—J =16.53 eV.

Q.2. (a) Find the maximum wavelength 1., of light
which can ionize a hydrogen atom in its
ground state.
(b) Light of wavelength )\, is incident on a
hydrogen atom which is in its first excited state.
Find the kinetic energy of the electron coming
out. hc

Solution : (a) K =13.6eV

Ao =910 A
(b) K.E.=10.2eV
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0.3. (a) Find the wavelength of the radiation required
to excite the electron in Li*™" from the first to
the third Bohr orbit.

(b) How many spectral lines are observed in the
emission spectrum of the above excited
system?

Solution :

(a) The energy in the first orbit E, = z? E,
where E, =—13.6eV is the energy of a hydrogen
atom in ground state. Thus for Li"", Z=3

E, = 9E, = 9 x (—13.6eV)
The energy in the third orbit is
E
E;=— =% = —13.6eV
Thus, E; — E; = 8 x 13.6eV = 108.8eV

'I'he wavclength of radiation required to excite
** from the first orbit to the third orbit is given

by hc hc
—= o A=———
A B o E;, - E,

12375 ( )

108.8¢eV

(b) The spectral lines emitted are due to the transition »n
=3 5>n=2,n=3 >n=1landn=2 5 n
= 1, thus there will be three spectral lines.

A= or A=114A

Q.4. Find the radius of Li'"" ions in its ground state
assuming Bohr’s model to be valid.

Sol. For hydrogen-like ions, the radius of the n™ orbit

2
: = Ay
is Ty
For Li'", Z = 3 and in ground state n = 1
2 -12
The radius is =1—’-‘-§-3-§‘—1-°—— — 18x107'2 m
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