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Chapter /2

Atoms

Atoms are e/'ecf'n'ca//y nevtral but _coraf'm'n

cha?ecf constituents o the electron (-¢) and

the nucleus (+2Ze). How are f'hey arranyed z

DtﬁScoz/ery' of Electron (Thomson, IFNT)

T T. Thomson studied cathode ray s Inia.
e / m” of f'he_

df'.fchar:ge tube and measured

Concluded : atoms contain electrons.

electron.

i) omhee ek MO €KY
Jbie 40 e

¥

- Millikan (/707) : e

v - uddin
Thomson then proposed ’ B GieE
unitorm otk sphere

Atom =

positive charye with electrons
embedded inside like seeds in

Thomson's

a watermelon.

Atom s owverall. rnevtral size /0 1O

Bot this model Faied: in 177/

(Rotherford's alpha - scattering)
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Rutherford's Alpha - Scattering

G’g{ger & Marsden (1977) ', under Rutherford
bombarded a thin ﬂold Foil with alpha particles.

[}

Setup

seattered

/i ¥OOO  pawt -

FPe sit \
source ‘__’ \

fa > 2
|_, alpha st pass

small ﬂng}e i

Av Foil

ZnS screen

!'1'9. Cre*ﬁer - Marsden alpha - smthm'nﬁ apparatus.

Ay

Observations i

(i) Most alpha pass through with no deflection.
(i) Few are deflected by small ﬂnﬂfe-f-
i) / in FOOO deflected by 7 90 dg'grees.

Giv) Vi’fy rare!y : bounces Sfra{ghf bacKk,
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Rotherford's NMuclear Model

Conclusions from the experiment

(1) Most space in an atom is empty , because

most alpha particles go straight through.

(2} The posiﬂue charye and almost all the
mass are concenf'rafed in a f't'ny core -7

the nucleus.

(3) Electrons revoluve around i+ in orbits

held by Covlomb attraction.

Sizes _

Atom radfuvs /O'/O ™

NMocleus radivs 00 s ol ol

Ratio /0 & -7 atom is mostly empty 4

Why most alpha are undeflected

Because they pass far from any nuclevs and

f£eel neﬁi{gib!e Couvlomb +orce.

SacKScaﬁen’nﬁ need.s head . on collision with

the heauy positive nucleus.

/?ufherﬁord Al e B e e ch shell pounced
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Distancé of Closest Approach

For a hetd - on collision | the alpha particle

stops momentarily - at Sdistancess v 0 Lor the

nucleus. : At that instant

KB ot alsha: = PE & - b

—

F A
- e

= energy balance

——

C Ll Dipips 00 3 2 z'/ro

PO =€)y PLps 090 2 g 2|/ e

<-distance of closest approach

Mumerical estimate

Take E = $.& MV Sl e e (yo!d)

i @s= 0 0 kO e g9 0 e n gl
(e % b % O
o B G 2 0 ™ .

So budeus Size- €% v O -19 m

LImpact parameter b

b= perpend{w!ar distance of initial path

From nucleus. Small b -2 la::ge deHection.

~
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Trq_jecf'ory of alpha nrear Mucleus

Each alpha follows a hyperbolic path  with

the nucleus at orne +Focus

V.
(-'nmmf'ny)
© +z

b
\__—‘__‘_-—) vnde Qﬂ( ted
Semall an‘g.’e

* a’arﬁe an:g.fe

Fig. frajectories For Udry;hﬁ impact parameter b,

Small b -7  alpha 3@2_9 very close el rge
deflection anyfe. j
Larye b -7 almost no de#?ecﬁbn.

'?_'he numbe.r scattered at anﬁle theta gave Z.
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Limitations of /\’uf'hemcor'd Model

Problem / - Sfab:'h'fy

An electron in a circular orbit has acceleration
(cenfw}:efa!). C/as.\sfcal EM says any accelerated
charge radiates EM waves losing energy.

Theretore +he electron should
- lose energy co;oﬁr'nuou.sfy ;
- spiral into  the nuclevs in -/O -y .5 ¥

But atoms are stable for #sor= years.

P redicted
spiral fall

Problem 2 - Spectrum

Spf'rafhhﬁ electron should emit a conﬁ‘nuéus

spectrum of all ﬁkezuenca'e&

Bout hydroﬂen acf'uaﬂy emits a d:'Scref'e line

spectrum (sharp wauelenﬂfh_s oh!y).

Classical phy:fcs covld nrot explain  this.

Meeded a rew idea -7 Bohr FLNL3:
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- Bohr's Postulates (/9/3)

Postulate / - Stationary orbits

Electron revolves in certain ' allowed

crcular orbits without radmh}ny energy.

" These are stationary states.

Posfulaf'e 2 - Quantised angular momentum

Page :

Anﬁuiar momentum S an f'nf'eyer multiple of

b/ 2T

Lzmuanh/Zpl'JnZ/JZJ'
< - 2uanh‘sa tion rule
oy
h = 6.632 x /0 g0 s R (Planck constant)

n = princupal zuanfum Nnumber.

Posfuiafe X Freyoency condition

Atom radiates / absorbs only whern electron

!\jump.s between two stationary states.

h e EJ. - E’C (emi.s::bn)

Eod 2 E e e iids SRR TRy iy R A absorption.
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Bohr Orbit - /[Radivs

Hydroyen - like atom nuclevs charye +2Z¢

electron of mass ™ circvlar orbit of

Te)

radivs r , speed v

Centripetal = Covlomb
= eI e 2 e

oA R

£ 2 ez A pl eps. O r ) (/)

=7 m v =

Quantisation
= w20 )

F R Y e

=7 Vzﬂh/(zrrmf)c

Sob: an 1] and solve +For r

Sl ¢ B 2 +h Zep.S__O/(pt'mZe 27

<- radivs of nth orbit

r

For hydroyen (2 =27 A=/

< - Bohr radivs

B S e o b /:lnysf‘rom

So ri=t0629 ) at i /‘]"’)ySf'fOrw

n

Radivs increases as » 2.
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Bohr Orbit - Velocity

and. the radivs

mv:r::nh/'pr
the SPeed in the nth orbit

AR
fFrom

expre.m'on i

s 462 eps__,Onh_l)

<- SPEEd in nth orbit

v decrea_fe.s as / / n . :

Innermost orbit -7 highe.sf speed.

Fine - structure constant alpha

Fo_rH (Zi=

-

u/czez/(zgohc)_

/

alpha = / / 137  (approx)

v

——

Bohr's ~model is consistent.

Time pen’od i

Tz 20 rn/ un'
Prop oo

Frezuency £ Vi S s prop e S ans S e
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Enea:’q:/ ofF the nth Oroit

Total energy E = KE. + PE,.
K.E.z(//Z)muZZZez/(ﬁ'rfep.sor)

PE. = -.Zez/(ﬁ'ﬁepsor) B

m
bl
x
+
<
y!

Zez/(iﬂepsor).

Substitute PR e

T —

Eion a s 2 2/(5"*@35__0‘2}1 T S A

<- energy oF nth state

Pluy numbers ( for hyc/rojen D)

I Eilgpy = > /3.6 / n 2 e\/ <-for H atom

—

*

General hy'droyen - ke
Eomoe d3e 2 La eV

Eneryy s neﬁﬁh'ue -7 bound state.
n = 7 grovndistate i En .= - /36 oV

g Sl g 522-3.'7’@/
n = IinfF 4 E =0 (iom'sed)
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| Bohr Orbit Diagram ( I‘fﬁydro‘gen)

A

Fig. allowed orbits n-= /; 2, 3, 9 and a transition.

I O?’bﬁ' | ) prP » 2_ ; Eneryy E__'n Prop -/ / n
| H{gher n -7 b{gﬁer orbit and  less neyaﬁ'ue E

Closest orbit =. yround state
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Hydroqen S;Secfrum_ . Wauelengfhs

When electron JUmps from h{gher orbit n._2 fto

lower orbit n__/ , photon s emitted
hip e aE L ek

ne n/

Z/Z.G(//nlz'//nzz) eV

Using < = nu lamoda  and dri/:'d:‘nﬁ by h ¢

1//zambdaz/?(//n__/ 9ok //n“,Z 945

<- /t’yd’bervq Fformula

/eydberq constant
Rz mye Ly i )

Bz 0T 1D o i/ <- Rydoerg's valoe

Ezurl/a!enf' form in energy units

ﬁ h '( . /3.6 e\/ - 2./3 X /O—h? :j-\

Series

Each fixed n__J/ =27 a series of spectral
lines as no 2o menial ke oy h

Series lipit : n__2 -7 fnﬁnff‘y :
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__Hydroqen Sp_.'ecf}al Series

5#1(»(9” TR
=%
schen (IR)
. .;n.z AN i
digiole]
3ﬂmef
e 2
v
u‘..7nan
v
il

!‘{9. energy levels + Frst transitions of each Sseries,

Five Series

(1) Lyman nl =) 0V

(2_) ._-'3‘””’8{_ nol o=

2 uvisible (H__alpha
(3) )?a_s-:hen __n?_,/__z 3 infra - red

_(‘7’) Sracb(_ef‘f' Dl miH Gl PR o s g
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Balmer Series (Visible)
=Sy oeries  (Visiole)

Lines ’7’””3 in the visible reyion v

Found .

by Balmer (/335"’) even be-rcore Bohr.

//!ambdazﬁ(/‘/y %

o//n___ZTtZ)

ﬁ'Saf'mer (n_/ )

First Fow lines
peen A AT e IS
Hbem i {7 i = J lambda
e
Hde,m Cromiad T e lambda

Series  lirmit

Taxe g e e r'n@'nﬁy

Lol /ambdamfb = r /) 9 SR

= = 2T 6 A

= 56 nm (red)

= Y956 rnm (blue - 9r

2 > 4
o S s S j lambda "= 939 ,m (violet)

= SO mm (violet)

/ambdamm = uie, e
(ngar v edyg)

w

.rCLg sai’gler lines in wvisible spectrum.

Wauelenyfhs yef' closer near the series limit.
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Other Series of Hydroqen

- Lyman series  (UV)

nod = a2 s e

Lidilambda =R Cih vt no280)

First dine: 2 lormbdd 2 1216 bnr (Ly . alpha)
Series limit  :  lambda = / /R =92 N
Paschen series (IR)

I e R e per e s Pl

1/ lampda = RG] B2

First line - | lambda /875 m :

Brackett series (far IR)
Y BN U

—_—

Py

e R S e E

J Jiilambdai= e Cogidgeisi on )
Phind seies b TR
o Rt A e Ty e S T ke T Y £

——— F | —_— f] _7 ] . .

L/ lambda =R G2 s g )

Summary table

Serres n__J/ ﬁey:’on
Lyman / wv
Balmer 2 visible

Paschen 3 B i i Brackettr < i Pfond
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. Energy Level Dquram-_oﬁ Hydrogen

|.
O,-E-Y""‘! P gk
|
|
i!
- 0.9 ie\/ SR
- 0.5 leV L s
|
i
L. el\/ P
S
‘|
I'
| ~
|i : H__a:.*pha /3.6 eV
|1 .., (r'om'se)
- 3.90 &V e
i
|
|
|
|
! Ly __alpha
!
|
i
III
S |!
i- v
- /3.6 gV e S
{
II @, e
I
|| Fi"g. h-fdroﬁen energy ladder with sample transitions.
i :
| Ground state =2 i S A Eili =86 el

!
\ Energy gap shrinks rapigly with  n. °
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Zonisation & Excitation

Lonisation energy

Eneryy reeded to remove electron Lrom

ﬁmund state to e :'m'ﬁ/

EI.M SO = B R el (For H)

Excitation energy

Enerﬂy to IiF+ electron Fom n=/ to a higher

level »

M
¥
m
\
m

T ex ” /

/3.6(/-//n27_e\/-

)

Bl 2 E =02 oV

ek

no= Ee)c o 7 0 BV
(g B - E =L TS eV

ex

Excitation pofenh;al

Potential fhrouﬁh which electron s ‘accelerated
from rest to reach the excitation energy

e Vo= Eex 2 V= Eex / e
First exctation potential of H = 102 Y

Lonisation potential of H = T TR
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de 5roqh’e'$ Explanation

Bohr's Zuanﬁsahbn looed b s ek until

de 3ro\9/ie (/92%9) exp/ained it via matter waves.

Sfand:}oq - wave condition

4 | 3 .
Electron has waue/enyﬂz lambda = h / P
For stable orbit , an integer rumber of waves

must £t the _c:'rwmwce_rence .

2 pf r S _/ara;:bda : <- standing wave

<-on crcwlar orbit

ZWr_Zn'h/pZnh/('mu_)
== il Sl P e e e T R

So Bohr's anﬂw’ar - momentum Zuanﬁ'_fah'on

drops out naturally from wave nature.

Mon - ’:'nf'eyer n —r desf'ruch've -7 not  allowed.
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L:}-ﬁﬂ'aﬁons of the Bohr - Model

Where it worKks i =
Exceﬂem‘F for hydroyen and H - like ions
(He' >, L ’ Bei gl

Predicts waue!'enﬁfhs o9 - d{g:'f' accuracy.

Where i+ Fails

‘@ Molti - electron atoms ! {gnores @l e repul.s:'on.

@ Fine  Structure ! H lines actually split into

doublets / triplets ; Bohr preda'cf's a 5:'nﬂfe ff'ne. i

@ Zeeman & Star effects o line splitting n

B - or E - Helds - not exp!afned._
@ Cannot pred:'cf' intensities of Specf'raI lines.

@ Mixes classical orbit + Zuanf’um zuanﬁsaﬁbn -

phﬂosophfcaﬂy inconsistent.

@ Violates Hefsenbefg unced‘a:};ﬁy principle
it 'assi’gns exact r ?Eﬁ'ﬁr‘-?‘ and v at once.

Fesolved by Full zuanf'um mechanics (Schrodahﬂer7.
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Example / - Wauelenﬁfh of H__,alpha

Q. Find  the wauelenﬂf‘h of the H___a!pha line of
the Balmer series el e e R
e 2 00 =00 007 e 10~ Fpmis T2/

- Solution
Use /"ydberg Formula

Fe e ey i)
SRl g e LT
Ry g ) 26
= < R/ 306

//AzS“.(/.O‘I7x/O7)/36
: Lo U BV s ey (0 105 -/
-I'_
Lty ) e 80 )
= b.5$63 x /O—? ™”

Liambda Z 6$ 6.5 nm (red)

- ANSwer

a line.

d line

Matches the ex,oen'menfa! H__,a!ph

Thic- i< the pmmfnem" =t re

of the h«fdroﬂen spectrum.
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Example 2 - Ene::’q\/ of n = 2

Q. Find the energy , orbital radivs and speed
oF the electron in n = 2 state ‘o-p hydroyen.

2

B 2 = R (&
Fadivs : ;
A= 0.£29 o Vi o Anﬁsfmm
r, = 27 > gy 4 Anﬂ:f’rom

Fie il dd i 10 i el0 m

Speed

¢ g

an(Z./‘7x/O£’)2/n m/s
v, = 2.79 x 205 4D

W 8= O e OB ) e —'

All three drop on yorhﬁ From o B M R

E'nef:gy less  regative , orbit  Yx larger

speed  halued.
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‘ Example 3 - Ba.lr.n.er lserfe-.s. h?m'f

] Q. F:'nd_ the series limit (shortest wauefe_njfh)
il of the Balmer Series.,

i Solution _ _

| Series  limit -7 ' s t'n@'m'f'y

/LK e )y
= 1 ey

0

|aﬁ-<._2‘7’//\’z"7’/(/.0‘7'7x/07)

T390 x 1077

lambda__min = 369.6 hm (n_ear UV)J

|
‘ <- Bafmer tirnit

| =

| Energy of the lipmit photon

‘| E = h C_. / /<m.r'n .

( 290 eV rimn ) / ( 36’7’.6_ nm )
$. 70 e/

il

il

Matches

M

L2 58= 2 298 oy exactly
_l phof'otq from n = :'nﬁm'f\/ “Z.n

= 2 carries the
Full b:’ndmy energy of n = 2
| ?

(mav(es phy.ﬂ'ca! Sense ?)
|

22
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Models in Sequence

|

(/) Thomson - uniform + Jphere. with embedded ¢ -
|

Failed 5 alpha - scatterin ; at large angles.
LBl 9 ge_angle
L

@'ﬁufherﬁofd - Hny dense 4+ nucleus + orbff'fnﬁ e

Failed - fnsfab:'h'fy +  confinvous spectrum.
@ Bohr - Zuapﬂ.(ed orbits 1+  Jumps emit h nu

\ Worked +or H ; _Faﬂed for multi - e qf':)m.s.

Master Formvulae

\ .

\ roon = 0.s27 P e Anjsfrom >
j_u___,_n = 2.9 /O el i e

\ [y e S 2 a eV

|

/<:'-ft’(//n___/2-//n___22)
= JOV7 X 10 m vl
=i = »n h / 2l

i s
1

Key numbers

|

Bohr radivs 4.0 = 0.$29 Anﬂsf‘rom
Zonisation E Q,C H = /3.6 eV
Groond = - state B == IZ eV E___,Z = - 3.9 ¢

Fine - struct. alpha = Vi e v
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Quick ﬁe&fsion Points

Conceptual

) Atom s mostly empty  space.
(i) Mass / + charﬂe in a h’ny dense nucleus.
Gir)  Allowed orbits = gua ntised L.

(iv) Photonr ermisSSion = \jump down / absorption

=7 )ump  op.

Trinds with n

AR - n’ ( orbit gets b.igyer L
v prop gy n ( slower in outer orbits )

E prop SR e e ( less bound )
1 - prop o ( lonﬁer penbd )

Trends with 4

r  prop T 2 E . prop 7
Heaw'er H - like ions are smaller and

°

more f'{ghﬁy bound.

Spectral - line counting

IF atom is exuted to level n , Number of

possible spectral lines emitied

N e e ( o 3 / ) / 2 < - usetul tFrieck
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