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S — XII (Subjective

ATOMIC SPECTRA

After studying this chapter the students will be able (¢

#  Describe and explain the érigin of different types’ ofopucul spectra,

&  Showan undcrslandmg of the existence of di

serete electron energy levels in isolated ntoms (c.g. atomic hydrogen)
and deduce how.this Jeads to.spectral lines,

%  Explain how the uniqueness of the spectra of elements can be used to identify and elemeit.

%  Analyze the significance of the hydregen <pec'rum in the development of Bohr’s model of the atom.

<  Explain hydrogen atom in terms ofencrgy levcls on the basis of Bohr Model,
¥  Dectermine the ionization energy and various excitation encrgies of an-atom using an eneigy level diagram.
¢ Solve problems and analyze information using 12=R [1/p*=1/n?)

@  Understand that inner shell transitions in heavy eiements result into emission of characteristic X-rays.

<  Explain the terms spontaneous emission, stimulated emission, meta stable states, populauon inversion and laser
action. '

¢ Describe the structure and purpose of the main components of a He-Ne gas laser. v
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‘The beginning of the twantieth century sav the Start of
NEW binnchies of Physles-#1omic structire and spectin which hag
PHOTound affect on revenling the inner mysteries o

f the stricturey
of atomy,

The existence of line emission EPECta from miomie pases

in used to infer n structure of wn pom, interms of discrets energy

fevels in ntoms, 1) Balimer in 1885 succeeded 1 devise an

empirleal formula which could ey

plain the existence of yhe
spectra of atomic hydrogen,

In this chapter we sill study the line

pectrum of hydr(»p,cn atom,
the Bohr model of hydrogen atom, pre

duction of A-tays, working
principle of CA'T scanner and Laser,

The branch of Physicy which dealy
measwrement, and interpction of ele
emitted or absorbed by atomy iy cal

is the study of spectra produced

Typos of Emission Spectra:

In pencral, there are three types of spectra:
() Continuons, spectrum '

(i) Band spectrum
(i) Line or discrete spectrum
()  Continuous Spectrum:

A radiation spectrum in which the fre
the atoms of » substance are 50 clog

with the production,
clromagnetic radlation

led pectroscopy, S0, it
)y atormsg,

“row of overlapping images is called
Example;
Black body radiation spectrum s
()  Band Spectrum:

A spectrum that appears as a_number of bands of emitted or absorption

radiations is called band spectrum,

Example:

Molecular spectrum is the example of band spectrum,
(i) Line or discrete spectrum:

A spectrum consisting of discrete lines corresponding to single wavclengths

spectrum.
Example: ]
i i ctra,
i ' ¢ examples of discrete or line spe
w—_ Atomic spectra ar p

quencies of the radiations emitted by

“€ 10 cach other that they give continuous
# continuous spectrum.

the example of continuous spectra,

For your Information
rG

T scan stands for Cormputsd ‘mmograpfxy
Sean. \tis also known as a CAT (Computer Aial
Tmnaurnphy) scan. It is a medical imaging

method that employe tomography, CT scanning
5 useful 1o get a very detailed 3-0 image of

conain parts of the body, such as soft tissuss, the
bltice vesssls,
and bonas,

the lungs, the brain, abdomen,

ForYour(nformation

Diferent types of spactra

(a) Continuous spectrum

(b) Line spectrum

IR T8 8 |
(c) Band Spectrum

-

of emitted radiation is called as Jine

uss Different Series in Visible Region of E'°Cff°magneuc Spectrum
&L_What is Atomlc Spectrum? Disc

. ited, i.e., some of jtg clectrons jump to highe
g i its atoms absorb energy and are excited, » jump gher
ney thn.:.‘ 5 l? h:atll:::;c for a short duration (10~* 3) and fall back to its lower energy state. In this process jt
Cmitsyau::;s"l he cicl:c‘tlror}l]stzz which is supposed to be a discrete packet of light energy. A photon is a particle of light
* 4 Tadiation calle p "

b h.
iavmg Wave characteristics, i.c. It has frequency and wavelengt

L

(&8 CamScanner
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: ial di '

; as such as neon, helium, or argon. .lf 2 potential differenc,

ube is filled W'.th 2 gent in the gas, the tube will emit ‘hght whose color is
uces an electric curr t through a narrow slit and then througp, a

ing i
na]yzcd by paSSIn'g . ] h l
g ifferent wavelength or colour. We
AR :< observed, each line corrcspfmd'_"g to.a d . t gte charaeterist refer
spectroscope, a series of discrete ik S sTh v:favelen'gths contained in a given line spectrum ar €ristic of the
m, The

to such a series of lines as a line spectrt .~ bs same line spectrum, this phenomenon represents a practicy
itting li elements emit the sa A . ! :
cle}l:“f"ts cfmlt.t(;"g llf"shtg Ef:,:zf\fsr}ﬁ g::mical substance. The first such spectral series was found by J.J.Balmer in 1885 ;,
technique 1or igenti mn ; - m. .
. the course of a study of the visible part of the hydrogen spectru
‘ ‘ Detector -

354

Suppose an evacuated glass !
‘between ‘ electrodes in the tube prod' s 8
' characteristic of the gas. If the emitted lig

t

(photographic plate)

voltage

Hydrogemgas |

discharge tube . | ' ST e S
e ot - FarYourinformation
© 410nm  434nm © 468nm o~

: o= 91 nm
Line spectrum 8'§ { 122 nm
The Spectrim of HydrogeniAtom
Consider hydrogen gas is filled in a discharge tube, and a discharge is caused a 365 nm
in it by means of high voltage across the tube, the gas becomes luminous and gives '
off a bluish-red light, Figure. This light can be analyzed by passing it through a
dispersing device such as a prism or a grating. The spectrum of hydrogen atoms
consists of a series of lines. Each line represents a wavelength of light given off by —
the light source. ] nm
Pfund Series I + '
. J— Brackett Series %820 nm
P [~ —Paschen Series L - 2
e [ —Balmer Series o [~Lyman‘Series ' <
HIE - ....................... e eseseeen, T:-;
EETE B ET ] 2
oo o =) o o o -
Wa"e'e('m g8g & & SR =8 | & . '
k-Infrared-+ k—Visible<| Ultraviolet—« 2
» Line spectrum of hydrogen atom 4
- 3
1. Lyman Series: Lyman series lie in ultraviolet region and its wave §
lengths are given by, a
I (1 1
TR 5=
A 1° n
wheren=2,3,4,...... : 1875 nm
2. Balmer Series - '

In 1885, the first spectral series for hydrogen was identified by J.J Balmier R I .

: i ' i : -~ - |L i atomic
The mathcma!ncal results were based on his study in the visible region of h;'r(]i?ogz‘r)\?cgslr;] tg; Balmer
electromagn.enc spectrum. In 1896, Rydberg expressed the results obtained |series lies in the visible region
by Balmer 1n mathematl_cal form as, - ““ |of the electromagnetic s EEE":'TJ

CamScanner
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hydrogen-like ions as single ionized heliu
describe the spectra of more

| polY
/ R 1
-_—— RH (‘1 s

3

, 1
- 2° nT) Where n=3,4,5
Ry is the Rydbcr.g § constant and its valye ;
3 paschen Series 1¢1s 1.0974x 10’
" Paschen series lies in the infrared rep;
LY R o and it vy
I C T
whch n= 4v S, 6. ...... ‘
Bracket Series
aschen series lies i i .
P s 1n the infrared region and its wave length is given by

] 1
;=R,,(_2_L)
4° n

wheren=5,6,7,......
‘Pfund Series
fund series I i i 9 8
P ies lies also in the infrared region and its wave length is given by,

1 _ 1 1
A - R"(S_z—)_z;}

wheren=6, 7, 8,......
General Formula
From above formulas, we can write

1 1 1

—=R, | —-—|N>

A " ( p’ n? ] d h
..and Ry is Rydberg constant whose value is equals to 1.097 X 10" m™

m’

¢ length is given by,

(=]

1

Wheren=p+1,p+2,p+3,..
Atomic model. RWP 2017, GRW 2017, FEDERAL 2016, SGD 2016

iEIHydFrogeRAto

In 1913, the Danish scientist Neil Bohr (1885-1963) proposed a theory of the hydrogén atom which contained a

combination of ideas from classical physics, Planck’s original quantum theory, Einstein’s photon theory of light, and
Rutherford’s model of the atom. Bohr’s model of the hydrog assical features as well as some

en atom contains some cl

not be justified within the frame work of
be applied quite successfully to such
m and doubly ionized lithium.

revolutionary postulates that could
classical physics. The Bohr model can

However, the theory does not properly

complex atoms and ions. »
ohr model of the hydrogen atom arc as

‘The basic postulates of the B

follows:
lve in circular orbits around the nucleus under the

1. The electron revo ]
i fluence of the coulomb force of attraction between the electron

and the positively charged nucleus.

1 L2 ‘
L ()
r r

Energy radiation due to jumping
of electron from higher to lower orbit.

: ‘ 2 2 ’
Where - and l(-er Are centripetal and coulomb forces
ro ro- :

_respectively.

+ 2. Only those stationéry orbits a

re allowed for which orbital angular momentum is equal to an integral multiple of n

CamScanner
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356
' e (2)

Where “h” is Plank’s constant and its value is h = 6.6256 x 1
3, The clectron in stable orbit does not radiate energy as in the classical theory.

mvr=n5_
' 21t 0-*js.

The atom radiates energy only when the electron jumps from onc allowed stationary orbit to another, Ty,
4. ca .

frequency of the radiation obeys the condition.

bf = E~E, weee (3) _
Where E, and E; are higher and lower energy states respectively.

Lyman

infrared
8 ( )

n=5 n=

Lyman, Balmer, and paéchen series.

(ultraviolet)

Balmer series
(visible)

Paschen serias

Q.3  Derive an expression for the quantized radii of the orbits and speed of electron in hydrogen
atom. -

ke?
Or F. = 5
: I, .
- Where k is the coulomb’s constant and e is the charge on electron as well

as proton. |
As electron is revolving around the nucleus, so the centripetal force

acting on it, is given by

Coulomb’s force provides the necessary centripetal force to revolve the
electron around the nucleus. So

F‘ = F‘
mv: ke

= 3 =
rn rﬂ
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'% FEVUEMNAM 5 28 = == —— - - 7
' . ke?
or mv: = — m

oL

According to sccond postulate of Bohr model, -

. MValg ='n—11 (2)
_ nh
Vp =
M 2nmr,

So equation (1) becomes

212
n :
or . r = h

n 2 2
"4n°ke’m

For.Your information-
nN=-

The first Bohr orbit in the hydrogen
Atom has a radius r = 5.3 x om,
The second and third Bohr orbits
have radii r; = 4r; and ry = or,
respectively.

) r =n2 h2
" e —— 0
This is the radius of nth allowed orbit '
_ L g »
Since 2h = (6.625><10‘3")2
4n’ke’m 4(3.14)*(9x10°)(1.6x 10-°
=0.053 x 10
=0.053nm

So, equatior_1 (3) becomes

A r, =n’x0.053nm
Radius of first Bohr orbit
Now for first orbit,

. n=1]
Thus r = (1)? x 0.053
r; =0.053 nm

Hence, equation (4) becomes

) = nzr,\(S)
Radii of different Bohr’s stationa orbits

The radii of different Bohr’s stationary orbits are given by

I'hn=ry,4ry, 9r,, 16r,,

Sbeed of Electron -

The speed of election in nth orbit can be obtained by putting the value of r,

N nh
N .27
nh

Vp =

2nmr,

nh

Vn n2h?

2

nm(4n2kezm)
) 2
v,,=‘-% _®

)*(9.11x10™")

N )

from equétion (3) in (2),we get

CamScanner
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. Unit 19 [Atomic Spectra)
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Q.4  Derive an expression for the energy of electron revolving in nth orbit of H- atom.

Energy of Electron in Quantized Orbit

Let us calculate the total encrgy E, of an electron orbiting in Bohr orb‘it (i.‘c., f":rst orbit). .
The total encrgy of an electron (E,) in an orbit is equal to the sum of its kinetic energy (K.E.) and potential energy
(U)ie., ' :

. E,=K.E.+U
Kinetic Enerqy

As K.E may be expressed as

1 . 2 g 2 k02
K.E. = —mv; [+ from equation (1), mv,? = r—]
‘ 3
. ke2
K.E.= @)
2r,

. Potential Enerqy

- The potential energy may be expressed as the work done for displacing the electron through r, from nucleus.
4 As U=-qV :

=.eV “FORYOUR INFORMATION'
i € nth excited state means
Putting V= k— (n +1)th orbit.
™
. . ke
"=-e{—}
rn
) 2
So, P.E. becomes = ke

Total Enerqy

Total energy may be expressed as, ' D'You Know?
E U+ , The orbital electrons have
n=U+KE specific amount of energies
Putting values from equation 1 and 2, we get where as free electrons may
E = ke? + ke? " | have any amount of energy.
) r, 2r,
- . —2ke?ike?
}ln'— T
E o ke? (£ IFORYOURINFORMATION
n” = 2 : The energy of the electron in an
n orbit always negative,
h2
. 2
Putting 1, =n‘(———)
&h 4n’ke’m
E'n_ ke2
( n’h’ )
4’ kme? ‘
2n’k*me* _ 1
2 E,=-( ¥ )n—2 ................... 3)
E :
E,= -—%
n
where
2n’k’me*
E,= ——5— = constant
: h .


https://v3.camscanner.com/user/download

359

21k ime?

- _‘\
g ~2mame 2(3-14)‘(9x10’)’(9.11x10"')(1.6x10"’)‘
‘ (6.63x1074)2
Eo = +2.17 x 1o : '
_+2.17x]10
1.6x10™"

E, =+13.6ev

ev

As

So

Principal quantum
energy levels of hydrogen atom 1o be

El'l:_-EOl _'E&, Eo E
. 4’ 5o

Photon must have energy
exactly equal to the energy
difference between the twe
shells for excitation with K.E
greater that the required
difference can excite the gas
atom.

...............

These are cajleq quantj
The lowest station
» COrTesponds to p =

state, corresponding (o p, = ! £
’ ' 4 ==3.4eV angd So on.

Q.5

Explain hydrogen emission Spec

—.

I and has energy Ej = -13.6 eV, The next

; trur
level diagram, UM on the bas

Hydroden Emiss TS

eCtfiii

_Es'of Bohr model of hydrogen atom angd energy

Suppose

that the electron ip hydrogen, atom is in the excite
energy state Ep
So Ep< En.
Then, hf = En~ Ep

Putting E, = ~E, / n*and Ey=-E,/p?

hf: _Eﬁ -(:%_J
n, 2,

putting f=¢ /5

he (1 ]
1 _E (1
A he [}F—FJ
Or ~l~ = R“(—]"“L)
] “ 0
E 13.6eV
where Ry= —- =

hc ~(6.63x10““)(3xml)
E,  (13.6)1.6x10™)

e T 631073107

1 &1
. R” o 1-0974 X 10 m e
The differeny energy levels for hydrogen atoms are shown in figure.

d state with energy E, and imakes a transition to a jo

wer
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nergy — Level Diagram - o o , _
‘According to Bohr’s theory the total energy and the radii of the electron orbits in hydrogen atom arc rcspoctxve]y'
given by the following relations. :

E,.=;nl;:n-"—'_—l::;'!ﬁe—vandr',,=r.n2 : , i

When n = 1, the electron is in the first orbiti the energy is minimum and has th
n —»o, then r,—», Eco— 0, - '
The electron become free from the nucleus

energy of the quantized states of the atom on an energy level diagram as shown in Fig 19.4. -
The energy levels of the atom En are represented by-a series of horizontal lines. Transition between the levels are

Unit 19 [AtomicC Spocﬂ :

-

e value E; =-E, =—13.6eV. Whep

_ The atom is then said to ionized. It is convenient to represent the

represented-by vertical arrows. : - .
> When the electron is free from the atom and is at rest, both its kinetic and pgtentlal energies are zero at n = w

level.

The energy level diagram can be used to illustrate the origin of various spect;dl series ob;ewed in the emission
spectrum of hydrogen. The transition from various energy level to the lowest level (n = 1) gives rise to lyman series,
Balmer series occurs for transition ending at second energy level (n =2): The paschen, bracket and pfund series occurs for
transitions from various energy levels to the r =3, 4, 5 energy levels, respectively. ‘

E (e.V) A
n=7
n=6 l -0.38
\A A4
n=5 Pfund 0.54
n=4 . -0.85
Brackett
n=3 Vvvr‘v y - _1'51-
Paschen
n=2 LYY : -3.40
. Balmer o
n=1 212X2] ) '13.60
Lyman .
Energy level diagram Energy levels of the hydrogen atom with some of the
1 transitions between them to give rise to the spectral lines.

Standing wave pattern for an electron wave.
in a stable orbit of hydrogen.
There are five full wavelengths in this orbit.

De:Broglie Waves And/The Hydrogen Atom
One of the postulates made by Bohr in his theory of the hydrogen
atom was that angular momentum of the electron is quantized in units of A ’ B

b _.h
Znor mvr nzn

For more than a decade following Bohr’s publication, no one was
able to explain why the angular momentum of the electron was restricted Standing waves pattern for a vibrating
to these discrete values. Finally, de Broglie recognized a connection | . Stretched string.

—

.
= a.*,.-.,,,;'w

between his theory of the wave character of material properties and the quantization condition given above. Dc-BroS“‘i

assumed that an electron orbit would.be ?tablc (allowed) only if it contained an integral number of clectron
wavelengths.Figure (19.5) demonstrate this point when five complete wavelengths are contained in one circumference of

the orbit similar patterns can be drawn for orbits of four wavelengths, three wavelengths, two wavelengths, etc. This

situation is analogous to that of standing waves on a string figure.

m CamScanner
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v ' - e o , - . : hape such
i w imagine that the vibrating string is remoyed from its support at A and B and bent into a m'rculva:a‘sl csp:attcm
":’OB are brought together, The end result is a pattern similar to that shown in (fig 19.5). Standing dition for de-
:'h" Al;r:!ins stretched string fixed at its ends. This pattern has three full wavelengths, In general, the con

orav

. nd ! , : lectrons
Broglie standing Wave in an electron orbit is that the circumference must contain an integral multiple of ¢
wavilc" gths. We can express this conditions as '

2nr = A

h

myv

_h

mvr=p=—

2n

This precisely ex

ofhyrogcn atom.

plains the qQuantization of angular momentum condition imposed By Bohr in his original theory

> Butthis theory fajls {
i. spectra of many electrons atom,

ii. Also when a spectral lin
structure i.e., the Spectral |

lii. The existence of non-radi

iv. The energy of electrons i

o explain

e of hydrogen is examined
Ines is found to consist of

ating stationary orbits.
n sub-shells of an atom,

more closely with high precision instruments it reveals a fine
a number of closely spaced lines. '

vi. Later researchers studie

vii. Bohr’s theory could not explain  spectral line found to split into a number of lines under the influence of
magnetic ficld (Zeeman Effect) and electric field (Stark effect).

Q.6 Define excitation energy, excitation potential; io

Excitationandllonization)Potential ERC e RS

Ground State ' What postulate of Bohrs model is
When the electron is in its lowest energy state (i.e. n= 1), it is said | justified by de-Broglie? :

to be in its ground state.

Excited State |
When the electron is in the higher orbits it is said to be in excited state,
The allowed energies are given by a relation of the form.,

En=—'n§9.n'= 1,2,3, ...

The staflnad l is called ground state, while states withn =2, 3, 4, ... are called exited states, .
Wh is supplied to the atom, then an electron in the atom reaches one of jts exited states. The atom
- exiteden t::,e:ﬁnot stay for a long time. The electron in an exited atom soon returns to lower energy levels by
s
“hitting photons,
Excitat . . .
ltan Ehery ired to move electron from its ground state to an exited state is known as excitation energy. For-
¢ energy requir . lated to be. )
“Xample the first ?nld second excitation energies of hydrogen atom are calcu o

nization energy and ionization potential,

oy
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anz SIUE LR MRS :”:.ud

G ;“ a p .' ,1 i Y
;‘ { (£ "‘hn "’“l“r\" 1) ded

:iﬂ { ':u""s"n"g“‘ﬁ!'\’i" (ERTAY

. oy
whis wpplied G wn elonian b Ve grognidd Blate 1o gad ob bsninnl yf ““‘H

Tl patentlal differepes ¥V Iny » \ |

“oqual o Al eseliathon ey of (e oleetvon b ihe atom b callol skeliutlan putepiial oF ihe wiim, Vi sxsmple,
. /
(st mind secomd exoiintion potentiad of TE ks pie v lively 10 IV wnid 11Y,

lonzatio i nardy

When the election fa baolated from e atom e aton 16 aohid b bbbzl iy bl sl shils

e = (),

lenlzation eneruy
The mindmnm enerpy regqubred toremmove mnelection fiom Ha gronnd atals Io cabledd Vonpbaations snergy of the sy,

I an ntom absorba sfTiclent amount of energy, an election may be paised 1 n levsl o =, The slestion thay
becomes fice from the attractive force of the waclens, Lo, the slection 1n vemved fiom Sissttmm, Ad st vibich hes b

one or more electione i sald (0 he jonized
g Bt the enerpy of the election i the dnitial (grovnd) atate fo Vg, and o energy W ihe final (lonlsed) siats s g,

Thus the fonization encrpy of the atonin (0 (1)) = 1Y,

P> This means that the fondzation energy of the atom e nmericoally equal (o the gronind slate energy of the whemu, Yo

example, the fonization encrpy of Thatom in 1) ooV,

lonizationRetent(a

The potentinl diterence npplied o an clection (o provide M the vequlaite smount of Ionlzution energy e

called lontration potential.

MC QIS From Past Board Panars It

1. It eloctrone Jumpa (rom second orbit to lrst orbitin hydeogen atom (L emlls phoaton of;
‘ (A) 3.400V (1) 10 20 oV () 1306V (1) 3.8 &/
2, The value of Rydbarg's constant le
(A 1.00x10" m ' (1) 1,00 % 10" " (C) 1,002 10" ! (D) 1,06 « 10" 1!
3. Which of tha following aerles Haa in the Altraviolet raglon?
(A) | yinan sorias (M) Nalmer Garlse (C) P fund earlos (13) Btaechat warles
4, The valua of radius of 1t Boht's orbit Is
(A) 0.5 nm (1.0 063 N (C2) 0,005 rin (13) O 0575 rin d
b. Radius of 3" Bohr orbit In hydrogaen atom la grester than radius of 1% orbitby (Pedarsl 212)
N2 R (€) 4 (MY
6. If the lonlzation energy of hydrogen atom lu 12,0 oV, ite lonlzation potantial will be (Federsl 2013)
(AN 13.0V (M) 1300V (C)s4Vv () Hone tf thess
7. Which of the followlng sarlos of H-Gpactrum s In ultraviolst reglon:
(A) Lyman socios (13) Dalmer sorlen (C) Paschen serlen (1) Beucket sories
. Energy of the 4" orbitIn hydrogen atom ls:
(A) ~26.61 oV (B3) ~3.60 oV (C) 136 aV (1) ~0.56% &'/
0. In which raglon of electromagnatic spactrum of Hydrogen, the balmer serles llse? (Ferdoral 2011)
(A) Infrared (i) Vielble (C) Ullraviolet (1) ¥ ar ultraviclet
10. Speod of the electron In the firet Dohr's orblt In: ’
(A) 219 x 10" m/a () 2,19« 10 % m/n (C) 219 » 10° cinls () 240 # 10°° mis
11. Which serles lles In the ultraviolet reglon’? ,
(A) Balmor sorios (13) Brackot norins (C) Plund earles (D) Lyman seriea
12. The unit of Ry (Rydberg's constant) ls: ’ ,
(A) ms™' (Bym €y m’ (o) m”
13. The shortest wave length In Bracket Sarles hava wave langth:
16 Ry,
(") T (D) :(: - (C) 161 () fﬂn
The spoed of an eloctron In nth orbit le glven as; )
" (Ayn’z:’/nh ) ,(!.l)'Zr;:to’{nh (C)ankoin’n (D)2’ /nh
, Which saerles ls vigible from the following:
16 (A) Paschen sories (B) Pfunds series (C) Lyman serles (D) Balmer seres

CamScanner


https://v3.camscanner.com/user/download

—— P T =\ gunlAY T}
NRLMUIADrS FEWEE tilinl i
——

363
FS-\T ——lation between Rydberg con-tanth'?n' and ground state energyR'Eo' is given by:
. E B) R, =— =u =
(W) Ry =1~ B E, B ® Ru=Bobe
7. The radius of 3" Bohr orbit '“(gg";mgen atom ia greater than the ragiyg of 1" orbit by a factor of
18. g&i ic spectra are the examples of : Spectra, - 4 ' ©e
~* (A) Continuous . (B) Line (C) Band (D) Mix
49. Kq— X rays are produced due to transition of electrons from: ‘
(A) K to L shell (B) Lto K shey ‘ A I
20. The following gas was identified in the Sun using spectrosé:):;));\? 10 shal M
~ (A) Hydrogen (B)-Helium (C) (;arbon ' (D) Nitrogen
2. z/:\)eEc::::;:sions of Planck’s C(oBt;sF:ant i8 same as that of:- : : :
. : ower ‘
22. In electronic transition, atom €an not emit;. (€) Accaleration SR quentum
(M y-rays (B) Ulraiole ray |
/ ‘ ys adird .
23. The relation for paschen series is given ag - (C) Visible light (D) Infrared

(A’%=R"(21’ r:’) (B)7 = Ry (L 1o (11 1 . 71 1
. ™ Ral e - OF=R(z) O =57 )
24.  Hydrogen atom spectrum does not lie in '

(A) Ultraviolet region'

(B) Visible region C) Infra-red req; , [
. -red regio (D) X-ray region
25. The equation of Rydberg constant is given by: © L i '
: Ho e
A) Ry = 22 y =Eo 1
WRe=me . (B) Ry = £2 (©Ry=ER (D) Ru= s
2%6.  The radius of 10" orhit i hydrogen atom ja: '
(A 0053 nm (8) 0.53 nm (C)5.3 nm (D) 53 nm
27. In a electronic transition atom cannot emit: - ‘ y
(A) Infrared radiations (B) Ultraviolet radiations (C) Visible radiations (D) y-radiations
28. First spectral series of Hydrogen atoms wag discoverd by ' . -
(A) Lyman (B) Rydberg (C) Balmer (D) Paschen
29, Second pastulate of Rahar's atomic model is
' _hh N 3 nhr L2
(A) mvr = on (B) mvr=2nnh - (C) mv = or | (D) mvr =ﬁ%
30. The radiations emitted from hydrogen filled discharge tube can be analyzed Into:-
(A)Band Spectrum

(B)Line Spectrum

(C)Continuous Spectrum (D)Absorption Spectrum
M. For Panchen series the value of n starts from . . _
; (A)2 N (B4 - D) 8
32, The energy of electron in ground state of hydrogen atom is ts energy in forth orbit ig
(A)=3.4eV (B)-0.85eV - (D) —-13.6eV

1.B 12A |3.A |4B |50 |6.A [7A |80 |oB Ji0nA 11.D
13.A |1 14.B }15.D-{16.A | 17.D |18.B | 19.B | 20. A

25.B | 26.C | 27.D | 28.C |29.B {30.B |31.B | 32.D-

12.D
21.D {22.A | 23.B | 24.D

Q7

and Characteris
ner-Shell Transitions and Characteristic X-Rays . s . -
When the transition of electron takes place in hydrogen or some other lighter atom, it results in the emission of
n the tra :

SPectral lines in the infrared, visible or ultraviolet region of electromagnetic spectrum due to small energy difference in
transition levels,

When the transition of electron takes place in heavy elements then x-rays photons are emitted.
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racteristic X .
In heavy atom, the electrons arc assumed to be arranged in

-entric shells labeled as K, L, M, N, O, etc. The K s'hell being
zl.i:ns:cs?ttr;ct}sxc nucleus, the L shell next, and so on. ‘[hc _mner s'hcll
clectrons are tightly bound and large amount of energy is required
for their displacement from their no::mal energy levels. When a
heavy target material is bombarded with a beam of electrons, thfi!
has been accelerated by several keV. Some of these clectrons will
collide with inner-shell electrons of the target and knock them out

of their respective atoms. ’ ‘ .
Let a K-shell electron is knocked out from an atom creating

a vacancy in K-shell.

Then an electron from either, L, M, or N-shell will quickly
jump down to fill the vacancy in the K-shell emitting the excess
energy as x-rays photon.

These x-rays consists of series of specific wavelengths or

—

frequenciu and hence are called characteristic ;.

rays. An x-ray photon due to transition from L-shell to the vacancy in the K-shell is called Ka characteristic x-rays, The

transition from M- and N-shell to the K-shell gives rise to K and K, charactcrisfic x-rays respectively. _ﬂ‘F study of
characteristic x-rays spectra has played a very important role in the study of atomic structure and the periodic table of

elements.
KE Y] ] gf
KY Ls Me

r -
— = n=3
' YY Y n___2

Ka
YYVYYY n=1
Characteristic X - Rays

N - saries

M - series

L - series

K - series

Q.8  What are continuous x-rays? How is it produced?

Continuous x-rays

“X-rays emitted in all directions with a con

frequencies are called continuous X-rays”,

meaning braking radiation,

Also Spectrum is obtained due to deceleration of impacting clectrons. When a
target, they arc suddenly slowed down .These impacting electrons emit radiat

target.

Since the rate of deceleration is so large that electrons lose all the K_E :
as the X-ray photons of energy hfpa. i.c., .

Ve = hfpex

tinuous range of

fast moving electron bombard the
on as they are decelerated by the

n the 1* collision, the whole K.E appears
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The wavelength 4ni, corresponds to frequency fna, as shown in figure. Other electrons do not lose all their energy

lision. They may suffer a number of collisions before coming to rest. This will give rise the photons O;
ration O

or x-rays of longer wave length. Thus the continuous spectrum is obtained due to the decele

i their first col
smaller enerey

impacting electrons.
Nucleus of Defiected lower
1 target atom energy electron
Incoming
electron -
Emitted Photon
Electron moving towards nucleus
Intensity
. A
.
Wavelength A
Continuous x - rays curve.

Q.9 Describe the production of x-rays. GRW 2015, LHR 2016 G 1l, 2017 G |, Bwp 2014

Production of X-Rays
X-rays were discovered by Germen physicist Dr. Rontgen in 1895, X-rays have very sma

frequency. The production of x-rays is the reverse process of photoelectric ejfect.
When fast moving electrons strike on a metal surface, photon of very high energy (i.e. high frequency) are

ller wavelength or high

emitted known as x-rays.
'Working: The cathode and anode are enclosed inside an evacuated glass chamber and a high DC voltage of the order of

50,000 V is maintained between them. The electrons emitted from the calhode are accelerated by the high potential

difference. The energetic electrons strike the target T and X-rays are produced.
It may be mentioned that a small part of the kinetic energy of the incident electrons is converted into X-rays, the
rest is converted into heat. The target T becomes very hot and must, therefore, have a high melting point. The heat

generated in target T is dissipated through the copper rod. Sometime the anode is cooled by water flowing behind the

anode.
When such highly energetic electrons are suddenly stopped by target T,a n intense beam of X-rays produced.

> The X-rays have larger penetrating capacity and are called hard X-rays,

> while those with small penctrating power are called soft X-rays.
If'Vis the potential applicd, then the K.E of electrons with which they collides the target is
KE = Ve (D
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Suppose that a fast moving election of energy —v -
Ve strike target of tungsten or any other heavy atom. - : Illllll

Let an electron from K- shell of the atom is removed, .lt

produces a vacancy of electron or hole in K shell.

’ The electron from L shell jumps to occupy the | P
hole, there by the emitting a photon of energy hfyq c ] 3
, O

called Kg x-rays and is given by .
8T FE 1o~

leka:EL_ELI

. Kpgx-ray ¢ =
It is also possible that electron jumps from M- /7 \

shell into K- shell. The photons emitted Ky x-ray with - X-r8YS .
Glass chamber

energy hfis. so
iy~ Bk © Window

i in : ition i.e. :
The photons emitted in such - trans 5 Xerays dovice

inner shell transition are cnlled characteristics X-ray
,because energies depend upon ‘the type of target

material.

Rwp 2017

Q.10 Describe the propertios and uses of x-rays?

Properties of X-taysH
X-rays have the following properties.

X-rays cause fluorescence in many substances €-g Zi

X-rays blackened the photographic plates. ] .
X-rays penetrate solid substances which are opaque to ordinary visible light.

When X-rays are pass through a solid, liquid or gas they ionize the atoms.
X-rays are invisible.
X-rays cannot be smelled. -
X-rays cannot be heard.
X-rays are electromagnetic waves of shorter wavelength and high frequency. '
. X-rays photons are neutral.
. X-rays photons are not deflected by electric and magnetic fields.
. X-rays photon travel with speed of light in free space. C= 3x10° m/s
. X-rays can produce photoelectric effect. .
. X-rays can produce Compton effect.
15. X-rays have high penetrating power.
16. X-rays photon have energy and momentum.
17: X-rays cast shadows of the obstacles placed in their path.
18. X-rays are not refracted as they pass from one medium into another.

19. Rest mass of X-rays photon is zero,

‘FPT‘?“."&UJ.@::

™ Y
bwp_Sa

X-rays can be diffracted by crystals. : - 3 LN
' inc sulphide, sodium iodide and barium platinocyanide.

R

Q.11 .Give applications of x-rays..

F—

pplications of X-rays

The important practical applications of X-rays can be categorized as (1) Scientific (ii) lndustri#l and (jii) medical

scientific Applications
The diffraction of x-rays at crystals gave birth to x-ray crystallography

The Laue diffractioi patiem can be used 1o Getermine the internal structure of the erystal
The spacing and dispositions of the atom of & crystal can be iﬂ'ecisely deikiatins rystals,
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m&i}l Applications
Since X-rays penetrate the
incident, they are used in
metallic structures in big
_ bridges.
X-rays are used to analyze the com
as bronze, steel and artificial pearls
~ The structure. of rubber and
controlled by X-ravs studics.
iedical Applications

o Almost immediately afier their d;
rays werc used in hospitals
operations.

(Subjective). | 367

¢

materials on which they are . ' i
mdu§try to detect dafects in '
nE-achmes, rilwsy tracks and

positions of alloys such

Patient on

, E?O-’lCh

plastics can be analyzed and

.sceve.ry by Roentgen, X-
in Vienna for surgical

\ .
Xray beam

¢ Since bone is more opaque to x-rays than flesh, if x-rays . CT acenner wzmﬁnxm- source and detesiors

are allowed 10 pass through 2 human body, the bones cast
their shadow on the photographic piate. ) '

8.

o The X-ray photographs reveal fractures of bones or the presence cf foreign bodi

¢ Xerays can 2lso be used for curing malignant tissues of the body.,

+  X-ray therapy has also been used for the teatment of cancear.

A ‘noimal’ X-ray gives oniy limited inforinstion because it is cather like & shadow picture-fine detail within the

image may b invisibie cspeciaily if oiie organ lies in Tront of the region of the body being studies. To give a high quality

- images CT Scans are used to identify intemil structures of varicis part of the human body. CT Scans Machine is 3D
‘machine with computer mode!. ‘ :

In the CT scanner there is one X-ray source but 2 largé number of detectors, 1

o  The source and the detzctors are mounted in-a large ting-shaped
machine and the patient is placed inside this on a couch as shown
in figure. Each detector records en image @ndithessource and E
detectors are then rotaied arocund the patient to givewiews from a B
veriety of direction. The image is calledia tomogram. The couch
and patient are then moved along the axis of the machine and
another set of images is takei.

. This large number of images (Mmany hundreds) are then combined

by a computer to give a composite detailed 3D image of the organs

under investigation. The development of the CT scanner has been

of enormous help ‘in_the study of ihe tumours in cancer patients s —

where images of high quality.are essential. . -1 3can images

_ } e T SRR . i
T T = o . o
Qs Fr , = '

DRI N 4
rom PastBoatd-abels g
Production of x-saye can be regarded ez the lnvarss of

AT N,

N -

VG
1.

(A) Fair production () Cempton effect (G) Photo sicciric effect - (D) Annihilation of matter

2 Photons emitted In inner shall trancition are: : :
(A) Comtinucs X-iays (B) Discontinuous X-reys (C) Characteristic X-rays (D) Energetic ¥-:ays

3 ' When¥ +oys are passed through successive aluminum shoats, their hardness ___, . {Fed 2913)
(A) Decreases © " (B) Increases ‘ (C) Remains the same (D) None of these .

4 Which is not true for x-rays: S
(A) X~reys are not defiected by electro fisid (B) X-rays are polarized . :
{C}) X—rays consisi of eleciromagnetic waves (D) X~vays can b%dffftaded by grating

S X-rayz can be: ' . ' RS ' * :

L __(A) reflncted (B) diffracted (C) polasized (D) all of these i

v

CamScanner



https://v3.camscanner.com/user/download

_energy AE of the photon.

X-rays are electroma

fgnetic radiations having wavelength in the range . ﬁ
(A) 10.’2m (B) 10-10m - (c) 10-"“' ) (D) 10 m .
- The reverse phenomenon of photoelectric offect Is called as:
(A) Radioactivity, (B) Compton effact (C) Zeeman effect - (D) Pair production
8. .

The reverse process of photo-electric affoct is:

(A) Compton effect (B) X-rays production (C) Pair production (O pair annitilation
8. The rest mass of X-rays photon Is

(A) 9.1 x 10 kg

(8) 1.67 x 107" kg  (C)zero (D) smaller than a light ray photon
10. For Holography we use:

(A)X-rays (B)Laser " (C)rrays ©) Brays
11. X-rays diffraction reveals that these are ‘ ; '

(A)Particular type (B)Wave type (C)Both wave and particular  (D)None of above "

—

[1.C T2.¢ [3.A T4D J5.0 [e.B |7.B 8.8 |9.c [10.B [41.B |
- Q.12 What s laser? Desc

ribe its principle and operation.

The term laser is an abbreviation of Ilght> amplification by stimulated emission of Radiation, Laser i a
remarka '
g

ble device that produces an intense and

The first laser was fabricated by T.H.Maiman in 1960. To understand the working of a laser, terms such as
__spontancous cmission, stimulated emission and population inversion must be understood.
pontaneotis and Stimulated Emission
We have seen that one
energy of the atom, ‘

° The excitation energy AE is the difference between the two possible energy states of an atom.

The excited atom wait for a brief period of about 10™® s and then spontaneously drops back to its lowest energy
state, emitting photon of energy exactly equal to AE in arbitrary direction .

The only role of the passing photon is to-give upitse
This is a form of resonance in which a photon induces an upw

highly parallel beam of coherent light.

ard transition,

Spontaneous absorption Spontaneous emission
Electron falls back to its lower ene
duplicating the stimulated photon.

Stimulated absorption
rgy state E, and emitting a photon, thus

+ Can the photon play the opposite role, i.e. can it induce or sti

mulate the downward transition? The answer is, Yes.
Imagine a photon of energy AE incident on an atont which is alre

ady excited, its excitation energy being equal to the

The photon can stimulate the excited electron to fall bac!<.
electron waiting for 10~%s for its spontaneous transition. This transiti
this process a photon of energy AE is emitted and we already have the
is not absorbed. _

FThe emitted photons travel in em_ctly the seme di.rectio_n as the
This phenomenon is called stimulated emission as shown in (Fig 19.10)

to the lowest energy state, instead of the cx'cited
on can then take place much sooner than107's. In

incident photon of the same energy because, now it

stimulated photon and are exactly in phase-

CamScanner
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possible method of exciting an atom is to send photons whose energy is equal to excitation -

ntire energy in exciting the electron to a higher energy state,
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: The excited atom deca 369
ecay ys by stimulg e
jpduces sl - by Emitting a Ph(m:l‘\:dfor nduced Cmission, In th
ulation Inversion and . Ol same energy 18 case, the photon of energy hf = E; - E,
pob . aser Action going in the same directions
Let us conside: a simple case of 5 maqeriy) o
State E, is ground state Ml whose atoms can reside ;
: sid
: ~ Metastable state= E, ’ ide in three different states as shown in fig 19.11
» Excited state= E,
’ The atoms can resid
4 Teside only for 1072 ¢ i exc
-2 n '
much longer than 10-% g excited state E;and the atoms can reside for 10~ s in metastable state Es,
| ‘E : ~ 10*Sec
| . 3 e | . N: .
5 — N,>N,
_ _ |
\&/\/L"' % Metastable state|
. (@]
\,\/\A’J" 2 \~/\A~"
- © \/\M"’ : \AM”
Optical § - Input ;
pumping 3 ROV
o \~M~”‘
optical amplified
E, Y v v o N '
1
Electrons transition ]
| 4 A metastable state is an excited state in which an excited electron in unusually stable and from which the
electron spontaneously falls to lower state only after relatively longer time. .
e:\ergy of Lifeiime::ﬁ()"s ' ) Pumping energy e .
atom Mifror = &\ . &,./R G/nmcsltﬁn
., a3 s * -L"/.".‘.I-'
excited \ lifetime - 10%s \ . . :
tat : . .
'm &[] To To R \ W S
- ot fﬁ “ 1} x\ ~ Padtial
matastable .,/V\—’ ' ' 4 mimor

A

v V V

: ®
ground . _ \'\_ )

peiats Motastable states ‘
cult as compared to other excited

" The transition from or to this state arc diffi

i et this state the electrons are excited to Ph;:cvl back i?dfommmnm:nn'
lence, instead of direct excitation to g » Eriats _ Alng

) : table state. '
higher level for spontancous fall to metas nt photons energy hf = E;=E, raisc the

r Also let us assume that the inc:;i‘: excited state Ej, but the excited atoms do not decay back to E,. Thus the only
atom from ground state E, to E, is to decay spontaneously to state E,.

. . te
alternative for the atoms 10 the excited sta
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> In this situation, the state E, contains more atom than E,. This |
i ion . Regular Light
situation is calied population inversion.
o Once the population inversion has been reached, the lasing action of &
laser is simple 1o achicve - ’ Light of all \va\ele%ths
| The photens of energy hf = E~ Ei. producw stimulated emission in

they continue to stimulate other excited atoms to e
and the resulting radiation is, therefore, much more intense and coherent than light from ordinary sources. : 9

the ztoms of metastable state Es.As a result of an induced emission,
an intense, coherent beam in the direction of the incident photon Is

produced.

The emitted photons must be confined in the assembly long enough to
stimulate further cmission from other excited atoms. This is achieved by using
mirrors at the two ends of the assembly. One end is made totally reflecting, and
the other end is partially transparent to allow the laser beam to escape (Fig

19.12). As the photons move back and forth between the reflecting mirrors
it photons. As the process continues the number of photons multiply,

It is the most common type of lasers used in physics
laboratories. Iis discharge tube is filled with 85% helium and

15% ncon gas.

14

-The neon is the lasing or active medium in this tube.

By chance, helium and neon have nearly. identical
metastable states, respectively lccated 20.61 eV and
20,66 ¢V level.

The high voltage electric discharge excites the
electrons in some of the helium atoms 1o the 20.61 ¢V
state. In this laser, population_inversion in ncon is
collisions with same cnérgy

achieved by direct

electrons of helium atons.

Thus excited helium atoms collide with neon atoms,
each transferring its own 20.61 eV of energy lo an
electron in thé ncon atom along with 0.05 eV of K.E
from the moving atom. As a result, the electrons in

'ncon atoms are raised to the 20.66 ¢V state.

in this way, a population inversion is sustained in the
neon gas relative to an energy level of 18.70 eV. Spontaneous emission from neon atoms initiate laser action l“df;
stimulated emission causes electrons in the neon to drop from 20.66 €V to the 18.70 eV level and red lasef light
wavelength 632.8 nm corresponding to 1.96 eV energy is generated (Fig 19.13).

Eiitered light
red filter

——

Light of one wavelength

Traveling out of step
Laser light

Light of one wavelength
Traveling in step

Comparison of light sources with lasey|

4

+ E.. ety — —-E, )
' ,f 1.868vy .
Pumping e T
Electrical 632.8n
Energy 20.66eV
20.61eV 18.70eV

{ (( 2 { |

, HeliumE, NeonE,
(a) Transitions — . % Stimulated
> Spontaneous
E, i
Incident Photon
photon —N\—
.__V\N_.
_WH
Photon
E .

(b) Stimulated emis.ion - ,‘
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'1/3 what are the Uses of Lase

Iin medicine and ind
4 ustry?
75 Of LASER

’.»5 surgical Tool - { S
{ b ' urgi '

Laser beams are used as a surgjcal ¢

welding detached retinas, i °g for

pDestroy Tissue

The narrow intense beam of 1
to destroy the tissue in g
organelles with the ljy
destroyed by using las
absence of that organe]]
of cell.

3 To diagnose Diseases
The helium-neon beam of

aser can be used
Particular area, Tiny
g cell have beep
€r to study how the
e affects the behavior

* LAUK

laser is used to

; . Hologram
diagnose the disease of eye. ,
4  Cancer Cure _
Fine focused beam has been used to destroy cancerous and pre-cancerous cell. Hglography .
Seal off the Capillaries - : -} 1t is a scheme for recording
5) : the intensity -and phase of the
The-heat O.f the laser seals off capillaries and lymph vessels to prevent the | waves from objects. This type
spread of disease. . of image formation called
6) Welding and Drilling . ‘

holography from Greek word
. : meaning entire picture and
ef;liLl:rea by laser may used for welding and the image is called hologram.

The intense heat produced in sm
drilling the tiny holes in hard mat
7 Lining up the Equipment

The precise straightness of laser beam
equipment.

8)  Fusion Reactions

It is potential energy source for ind'ucing fusion reaction.
9 Telecommunication

is also useful to surveyor for lining up

: . s e p - The heliwn-neon Laser beam is being .
It can be use for telecommunication in fiber optical. .+ used to diagnose discases of the eye.
. ’  The use of laser technology in the
10) Holegraphy (Whole picture)

ficld of ophthalmology is widespread,

Laser beam can used to generate the three dimensional image of objects in a process called holography.,

'11) To Read Bar Codes

He-Ne laser is the laser whose narrow red beam is used in siiper markets to read bar codes,

s Ffom: PastBoard Papets

Atom can reside in metastable state for:

-2 -3 =

% fﬁ)HLO“';YSne_iI con aser, discha,(ng :.?be?:(;illed with Neon gaé?) 10° sec , (D) 107 sec
3 g:)rj t?;fography N &BL f1:5% ' (C) 85% (D) 90°/?
A Wrays - Lo ric © Xorays (C) B-tays (D) LASER

; (A)‘mo_no'chromatic - emggz gofgg::r;-tle-Ne N - (C) umdnecttonall (D) Al these.

s‘ \&;\aat‘ 1:: the coloyr of lig s Grefen bout (C) Red - (D) Yellow

A If number of atoms in metastable state (E2) Is “N2” and in ground s (E1) is “Ny thq populaticn inversion r‘r's::adngo_ﬁ)
\(A)‘Nz =N . (B) Nz< Nj | () .Nz> Ny (D)%:_ = % '
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8. Which is not characteristic of LASER? ¢) Intense (D)Multi directional i
{A) Monoc¢hromatic (B) Coherent ( s '
9. _ Normally electron can reside in excited state for about 10 ¢ (D) 10°s
(A) 10_3 s (B) 10-! s M .
m’ .D 9.B
1i.C 2.B -EE -
Qo °
o0 o 00 0 @O ©
" —l_ - R _1____1_) where n:3’4’5' ............
1[I ralmer series A Ve :
L R, _]_—-—lz—)where n=2,3,4m
2 || Lymen series A 12 n
1 I 1
. —i= — —— |wheren = 4,5, 6,00eee
3 || Paschen series A RH[BZ an
=
—1-—R 11 wheren=5,6,7 |
4 || Brackett series 2 et ot R
5 111 o
‘|| Pfund series I =R (-ST —n—zj WRETEMS B, 75
' _
!l I .
— =R, (_2__ — n>p
6 General formula for A p° n S
any spect_rgl series Wheren=p+1,p+2,p+ 43/ -
Angular momentum nh
7 ) Mimvr =
of electron in H-atom 27
Encrgy of emitted
1 photon hf = En=Ep
3 i\:'e'l‘!a:lttz nc:f electron oy = - nh i kel
! “ Tmr n=
nh
- Radius of nth orbit _ n’h? ) I
in H-ator,l: B 4ﬂzke2m r=n x0.053nm r, =rl.n2
K.E. of electron in 1 3
KE. = —mv? ke
" Il nth orbit of H-atom 2 oy K.E. = >
n
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j P.E. of electron ; — —
12 on in U=-gAvV 1
nth orbit of H-atom A u=_Xet
’ L
T.E. of electron ;
13 - n _ 2ﬂ2k2me‘
nth orbit of H-atom En‘—(T)lz _ En = — Ezn En= —I—gc\'
n n n
i 1 _E, 1 1
1 Emission spectrum of I =_..}.1._ ( _?___2) _' _}_ =Ry (_12___12_)
Hydrogen atom ¢ p° n A P on
15 Ka- characteristic :
: X- rays hfie = EL — Ex
16 Kg- characteristic r
X- rays hfig= Em— Ex
17 Maximum energy of K E=<hf = he K E=hf = ‘he K.E=hf _ hc
breaking radiation W = e o N Ao
Minimum : he f
18 || wavelength of Xmm=ﬁ A =
breaking radiation = Ve
UNITS
1 | Rydherg’s const ¢ m™
2 | Planck’s constant : -5
3 Eﬁergy of electron in an orbit J eV
4 | Speed of light m/s
5 | Angular momentum J-s
CONSTANTS
1 | Rydberg constant & 1.097x10 'm”"
' -34
2 | planck’s constant 6.63x10 J-s
8
3 | speedoflight = ~|3%x10 m/s
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Key Points

&  When an 2:om gas or vapours at less than atmospheric pressure is suitably exited, usually b}'PaSSmg
. electric current through it, the emitted radiation has a spectrum which contains certain :i:pcmﬁc~
wavelengths only.
< Postulates of Bohr’s model of H-atom are:
i. An electron bound to the nucleus in an atom, can move around the nucleus in certain circulay
; orbits without radiating. These orbits are called the discrete stationary states of the atom.

i Only thosé stationary: states are allowed for which orbital angular momentum is, equal to an
nh \
b

iii.  Whenever an electron makes a transition, i.e, jumps from hlgh encrgy state E, to a lower cnergy
state E, a photon of energy hfis emitted so that hf = E,— E,

@ The transition of electrons in the hydrogen or other light elements results in the emission of spectral line
- in the infrared, visible ultraviolet region of electromagnetic spectrum due to small energy difference in
the transition levels.

® The X-rays emitted in inner shell transition are called characteristics X-rays, becausc their energy
depends upon the type of target materials.

- h
- ; integral muitiple of 2—1 &, mvr =
. /1

%  TheX-rays that ate emitted in all directions and with a continuous range of frequencies are known as
continuous X-rays.

A4 Laser is the acronym for light amplification by stimulated Emission of Radiation.

<

The incident photon absorbed by an atom in the ground state E;, there by leaving the atom in the cxncd
state E; called stimulated or induces absorption.

Spontaneous or induced emission is that in which the atorm emits a photon of energy hf = E; — E; induce
the atom to decay by emitting a photon that travels in the direction of the incident photon. For each

incident photon, we have two photons going m the same direction giving rise to an amplified as well as
umdlrecuonal oohcrent beam

. Example 19.1:

The electron in the hydrogen atom makes a transition from n =2 energy state to the ground state
n =1, Find the wavelength of the emitted photon.

Solution:
We can use the equation

7 1 1 3R,
TR"(F 22) y
Z=—4—-

) 3RH

4 :
~3(1.097x107)

A=.215%x10-Tm=121.5nm
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ax — e o — 5
5(1.09717) = 936-3mm

Txample 19.3:

. Find the srtestelgth photon in-the Balmer
Solution: e
The shortest — wavelength photon in

b,

series.

,,,,,,,,,,,,,,,

R 1 th Balmer series is emitted when the electron makes
' RH L— . —1' = R“H . E . “,
Aoin \2' ) 4
(4 364 36
™ R, 1.097x107 ~~-°nm
Example 19.4: :

When a hydrogen atom is bombarded, th
excited electron fall back to the lower en
wavelength spectral lines emitted by the h

¢ atom may be raise into a higher energy state. As the
ergy levels light is emitted. What are the three longest

ydrogen atom as it returns to the n = 1 state from higher
energy states? . ' .

SN S L B, 4T

S SR T ; TR
Solution: , -
‘n=2-n=1: AE,, =-3.4=(-13.6)=10.2¢eV
n=3-sn=1: AE,, = £1.5=(-13.6)=12.1eV
n=4—n=1: AE,, =—085—(~13.6)=12.8¢V
" n=2-»n=1: AE, =-3.4—(-13.6)=10.2eV

n=39n=l: AE,, =-1.5-(-13.6)=12.1eV
n=4-»n=1: AE,, =-0.85-(~13.6)=12.8¢eV

hc
To find the corresponding wavelength we can use AE = hf =—
Forn=2to n =1 transition
| h
A=—r -
AE;, S
| 245.5(3x10°ms™)
| 6:63x1075 ( 0 ? ol
7 (10.2ev)(1.60%107 JeV )
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Forn=3ton =1 transition
/
7 1c
AE,,

‘(6.63><10’J4j3)(3x losms-l) =102nm
- (12.1ev)(1.60x10™JeV™)

Forn =4, ton = 1 transition
he
AE,,
R 8 -1
. {6.63x10 js)(3x10"ms )  06.9mm
"7 (12.8ev)(1.60x10™ SV )

A=

These are the first three lines of the Lyman series.

Example 19.5: o
hen clectrons are accelerated through a potential

Caleulate the minimum wavelength produced w
difference of 1000, 00 V, for an X-ray tube.

Solution:
Using (Eq 19.23)

-

min GI/

. (6.63x107" J.s)(3><10“%c)
frn =T 16010 ) (10° V)

A =1.24x10-11m

mi

.0 o
" TextBook Exercises

Q.1 Select the correct answer of the following questions.
If 13.6eV energy is required to ionize the hydrogen atom, then the required energy to remove an electron

()
from n = 2 is:
(a) 10.2eV (b) 0 eV (c)34eV ‘ (d) 6.8 eV
(ii) For an atom of hydrogen atom the radius of the first orbit is given by:
. h L n
a) —— 3 ) ———— 2 2
me’ 4l ) 41 ke’ 1) 4
(iiiy ~ The Balmer series is obtained when all the transition of electron terminate on: -
' (a) 1* orbit (b) 2™ orbit - (c) 3" orbit ' (d) 4™ orbit
(iv) In accordance with Bohr’s theory’the K.E. of the electron is equal to:
kel ke- ’ keZ )
Ke” (b) ke~ ke
(@ r © 3 @) =

CamScanner


https://v3.camscanner.com/user/download

i,

o)

(i)

(Vi)
(ix)

(x)

'schol,r's Federal PHYSICS

~ XII (Subjective)

Laser is device which can produce:

(2) Intense beam of light

(c) Monochromatic beam of light

‘ , 77
According to Bohr’s theory the ; . -
o l‘a:;l}l:z of quantized orbit js given by:”
(3) ..7'_: (b) 472'2”1 282 k nzhz kez
n°h ke 47%m ke® (©) 17 (d) ——
In the Bohr’s, model of the h d . . e
BB Eier e hy rogen atom, the lowest orbit corresponds-to:
When an electriy . (b) Maximum energy (¢) Minimum energy> (d) Zero energy
: D In an atom goes from a lower to higher orbit its:
(a) K.E increases, P.E decreases (b)K.E increjascs P.E inc
" (c) K.E decreases, P.E increases (d) K'E decreases, P E de::::;ss
Frequency of X-rays depends upon: . T i
(a) Number of elt?ctrons striking target (b) Accelerating potential
(b) Nature of the target (d) Both b and E ’
Target material used in X-rays tube must have following properties:
(a) high atomic number and high melting poi . : IPTE .
o e SR b g point (b) high atomic number and low melting point. 4 (c) low

(d) high atomic number only

(b) Coherent beam of light
(d) All of the above

EXPLANATION

ILE = E.-E,
E
As Ez' = —§
. -136
B 4
= —-34eV
So LE = 0-(-3.4¢V)
34eV .
™ 2 1.2
) e h As T = el
TR 4n” kme
A kme forn=1
__h
_ 7 4n? kme?
lii) |b 2" orbit 1 ( 1 _ 1
= MlzTg
n=3,45, ...
i k 2
). ]2 ke’ RE= o=
(g Where k is coulomb’s constant and r, is the radius of
orbit.
- pIp)
v |b 22 B (11
n‘h ’2 I AF ket
A’m Ze
T e Minimum energy e B = = I[;
For lowest orbit putn = |
. -13.6
E, = I - -13.6eV
It has minimum value but not few.
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o = | - ke’ _—ke - 1 8
| (vii) |¢ K.E decreases, P.E increases KE = 5.;; and P.E = Py :
So with increase in T
The P.E will increase and ‘ i
K.E will decrease ' — | &
Frequency of continuous X-rays will depends on these, ,
vif fd Bot band ¢ So Ve = K.E = hfpa where as frequency of characteristic
. X-ray depends upon nature of target metal. . i
' - . - be of heavy metal, because energy|
i i r_and. high [ Target must vy ) |
o ’ :\lfl':inzt;o»g?:l TR & g, differences in there material is large SO X-rays can be
o roduced. . _
F\’\'hcrcas on hitting the electrons with target, the
temperature  INCreascs. So metal must have high
temperature stability. = s .
r They e basic erties of laser which di erentiate |
(x) d All of the above They are the basic prop
it from ordinary.light.
et

Comprehensive Questions

Write short answers of the following queétions.

Describe the spectrum of hydrogen atom in detail.

Ans:  Sce Theory Question No. |
What are Bohr's postulates about hydrogen atom? Hence derive expression for the (a) radii of

electron orbit (b) energy of the electron.

Ans:  Sce Theory Question No. 2
What do you understand by the terms normal state, Excited state, Excitation energy, ionization

e s S N it At

3‘

energy.

Ans:  See Theory Question No. 6
What are X-rays? Give an account of the. properties, and uses of X-rays.

Ans:  See Theory Question No. 7 :
What is a laser? Explain the principle and operation of a laser. Describe some practical uses of

lasers.
Ans:  See Theory Question No. 12

Conceptual Questions.
Why does the spectrum of hydrogen consists of many lines even though a hydrogen atom ha‘s_l

only a single electron?

The spectrum of hydrogen atom consists of many lives although a hydrogen atom consist of a single electron.

A hydrogen atom has only a single ele;tror\,’it contains many energy levels. When an electron jumps from higher |

encrgy level to a lower energy level, it uf{ll emit a photon of energy equal to energy difference of two encrg) |
- ‘ |

1.

Ans:

levels:
When the electron de-excites from excited to ground state in several jumps rather than a single jump. So several

spectral lines are obtained rather than a single spectral line.

Sd———
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2 e that the electron in hygrogen atom obeyed classica] mechanics rather quantum
! S"pf,::ics Why would such a hypothetical at it
mec y

om emit a continyc S Spectrum rather than the
observed line spectrum? , .
Ans; ording to classical e'ecnomagn_ctic wave theory, every accelerating charge must radiate the electromagnetic
’ r/::ici:ations. So due this continygyg emission of energy, the spectrum obtained from hydrogen atom must be
' Continuous and also it Must fall jneg he nucleus, which wil] not happen in real,
n e ———
E\Can the electron in the groyng state of hydrogen absorb a photon of energy (a) less than 13.gey
(b) greater than 13.6eV? Explain, . ,
.\ . :
Ans: rElt:cl:ron can absorb a photon of 136 ey OF greater than 13.6 eV in ground energy state,
F'a photon of energy 13.6 e\’_fal'ls On the electron of H-atom it wilj remove the electron from atom, lfphpton of
Nergy greater than 13.6'ev IS Incident g¢ electron of H-atom then 136 eV energy is used for removing the
clectron ang CXtra cnergy is taken up by electron as K g '
4, w

hy do soligs give rise to continy,

OUS spectrum while hot gases give rise to line spectrum?
Ans: }n solids, a1oms and molecules arc very ¢losed to each
. influenceq by electrons of nej

&n ghbouring atoms, S
transition, 4| Wavelengths are emitted and continyqyg spe
In gases, due to electric discharge, the at

energy levels, ip these levels the energies
are released whose v

obtained.

- As the atoms in gases state have well defined
-€Xcition of atom take place, the decrete energies
O energy levels, That s Why the line spectrum is

* Laser light s mono-

Waves are in phase Wwith each other where as light

hat number of Photon in a ynit v
the number of photon of inc 3 ight in the same voluine.
mean it emitted with an
emitted in many direction

olume for laser is much greater than

arrow beam in
coming from g incandescent source i

a specific direc

tion where as light

sin MOving away from the source,
E_ Why Bohr extends quantym theory to the structure of the atom? ) ‘
—— g _—
Ans:  As the classical clectromagnetic ave theory fail 1o explain the structure of atom, Accordi ¢
tceelerating charge the clectron must

all into nucleus J

practically happen, € Structure of at

So Bohr explain th

only certain orbits arc allowed for which orbital angu)ar momentum is qu
ates, the absorbeq / emitted energies are quantized (i.e. hf= E,- Es)
gerionization energy than H? o
The amount of cnergy sequired

antized (i.e my
Iransitions bC[\N’CL‘[l WO L‘ncrg)" st

. Why ,He* has lar
Ans;

to remove the electron from is ground st

ate is called ionization energy,
it has two electrons

In case of helium JHe, and two protons rather thus one e

lectron and one proton as in hydrogen
iH.

I ‘ . . . N -‘ * >
S0, coulomb’séne in case yHe is doubled 10 hydrogen ytl. He more energy (called ionization encrgy) is required
0 remove the electron from ground state.

LE of helium'= Ec~E =0- (=54.4)= 54,4 ¢V

LE of hydrogen = E,, - Ey=0—(~13.6)=13.6 eV
bx-réiy:can emit electrons from metal surface and X

A; X-ray region lies between U.V and y-

-rays can be diffracted Comment?
ray regions in electromagnetic spectrum.,
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-~ As x-rays are high energy radiations than U.V and visible mdlall;‘)ﬂ hcson:;!r:lvsxf:n xp:l:cod P;:XNQ
phenomenons as U.V radiations like phmoclcctnc cffect. In which t Y S e
frequency of light and the clectrons are liberated. ic.,
hi= (K.E)max ) ) o 2
= As x-rays-alst exhibits the wave behaviours. Their wavelength (= L e ok Lh: ?frdcr ‘:: :‘am = %"i‘f
in 2 crystal. So the reflecting planes of crystals serve like mirrors and x-ray are difiracted {rom they, il
Bragg's law for x-rays diffraction is :
dsinB=nAi
where d is interplaner spacing and n is the order of diffraction.
9. Why X-rays have different properties from light even though both originate from Ofbiu 4
transition of electron in excited atoms?
Ans:  Although x-rays are of similar nature as that of other clectromagnetic waves, but due to theirthigh enerpy Y they
have some different propertics than light: 2
o They can produce compton’s scattering but light cann’t do so. »]f'
e They cann't diffract from ordinary diffraction grating but suffers diffraction from grating. ifo‘
e As they are more energetic. So their penetrating power is more than light. §”
e X-ray spectrum consists of both characters and continuous spectrum.
I 10.  What is meant by the statement that a laser beam is coherent, monochromatic and parallel? E
' Ans: Phase coherence, monochromatic and unidirectional are the basicpropertics of laser which differentiate it from |
ordinary light. ; o
e Monochromatic means that laser light consist single wavelength ;
s Phase coherence mean the constant phase relationship, of ph@tons“With each other. It is achieved by mean of}
stimulzated emission. §
e Parallel mean uni-directional, the laser light 1s pagalic! m&@ms uni-directional and well collimated and will ne E
£

disperse at all.

What are laser knives?

Ans:  Generally the term “Laser” refers 10 “ K88 begawt both are thin at spine and very thin behind the @
thin gemetery make them vary efficienflcus€rs _As they are very thin so have very small resistance when
through items allowing them to cutawithl€ss eden
They tend 1o be very light weightand More flexible then thicker knives L
They are commonly used amgblod@less surgery 10 cut the blood vessel without bleeding. It is used to remoss
tumor. It is used 1o cut glass, paper and plastic - §
, 12. Why we cannot see atom?
‘ is ¢ alle av y iei} - . .

Ans An atom is much smaller than \'\d\ClCHé(h of visible llthl, SO we ¢an not see them [\\ using 0"[1.1[ Microsas ope |
Only those objects beedme visible whose size is , -
‘in}nﬁhc atorJn is of thcuci ; lt)‘k ]\:Jhu’ ¢ size 18 greater than size of wavelength of light used (i e., visible) A%

5 5 Jracr ol -~

f N m where as wavelength of visible light is of the order of ~ 107’ m
As wavelength ofwisible light is gre: an s « 30 it &1 .
/ a g ble light is greater than size of atom. So it can not be visible for us.
3 1t . A_‘d
13. What meant by braking radiation?
A X- Juced It of decel |
ns: raysgproduced as result of deceleration of ¢
YR cctrons by target material are ¢ alled Breaking radiations &

lose their whole kinetic energy in first collision then

Otherwise they lose their energy in several wlhsmm and x-rays of continuous energies are obtained. Such x-ra‘
are continuous x-rays.

Bremsstrahlung, In x-ray tube, the clectrons are accelerated by on several kilovous toward heavy target. Strkig
L <

these clectrons lose their kinetic energy which will convert in form of high energy x-ray photons. If there ¢lect
VAN,

he )
2. min

K.E = Ve = hf,,
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o8
Q ‘,%:{E optical pumping?
1 " '

lhh‘ -H"‘ n pu}:npmg lEJroccsds th‘;: energy is given to the electrons in

ly ¥ which can be made by several pumping techni i
ulmPi.“g-l | 'h g ques like

in optical pumping the photons are used to raise (or "

. ) ' pump) the electr

evel. It is commonly used is lase i :
h& e I construction to pump the active
3 : »

381
A

gr(l)und energy state to move them to the excited state,
electronic pumping, thermionic pumping or optical

ons-from low encrgy level to higherenergy
laser medium so as to achieve population

——————

. Numerical

._(—.*,..:.;..,.-‘.. il g e Bk B ——

Pro.;ble ns . -

the shorte : ——— ' — z A —
ﬂ, %rm_find st wavelength photon emitted In the layman series of hydrogen. .
7 Energy level n = ‘ e
Energy level P =1 ‘ . A |
| ‘Rydberg constant Ry = 1.0974 x 10’ m ‘
’ foFind: . . |
! Wavelength A =2 % » i 3
f Golution: - " 4 | : -
I
(

l
!Or %=1.o974x10’m"x=mm
%90.911244 < 10"m ' A
(=901 %10° m=91.1x10" m=9Inm], oy g P
2, What is }Dﬁ%\f&ﬁéﬁgﬁ_ the Eggondul‘;e of paschen series?
Given: :

Energy leveln =5 : ' noo .
Energy level P=3 , el Ty e L

Rydberg constant Ri = 1.0574 x 10'm

To Find:
Wavelength A =7 .
Sulutim!r:h ¢ general formula for wavelength and lines in hydrogen atoms is:
1 ‘TQl
A (E’ Iy

Putting values:

! 74x 10" m’! ("I'I ]7)
11,0974 a7 6)

A '
1 107m":>l="_"l__7m
1_0718x % = 0.07804 x 10

» |
—}f 12.813494 x 107 m

(£=1281 x 10° = 1281.4x 10° m = 1281.4nm|

.?’_.—--‘E;""t;’ulates the longest wavelength of radiation for the paschen serles.

Given' gnergy leveln=4
gnergy level P=3 |
Rydberg’s constant Ry = 1.0974 x 10'm
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To Find:
Wavelength A = ?

Solution:
The general formula for wavelength and lines in

Tn-d

hydrogen atoms is

Putting values: ‘
A A 10974 x 10'm” | 33 r)-z |
s 5 v | -'i=o.s334 x 10°'m"
1
A= ——————m

10.05334 x 10
A= 18.747655 x 10" m
A=1.8747655x 10°m

A=1874.76 x 10°m

4. “The serles limit wavelength of the Balmer
falls from n = 4o the n = 2 state. What is

series Is emitted as.the
the wavelength of this

electron in the hydrogen atom
line? Where AE = 3.40eV?

————

Given; .
' Energy difference AE = 3.040eV
Energy leveln=o ° '
Energy level P =2
Rydberg constant Ry = 1.0974 x 10'm
To Find:
Wavelength A =?
Solution:

€ I .
f“"(’ﬁ’ E’)

- Putting values:

1_ 01 -1( 1 .__1_..)
= 10974 10 (B ey
Or -;:= 0.27435 x 10'm"
. 1
Or A=027435 x 10

A= 3.644979 x 10”
[%=364.49x10° m = 364.49nm|

" The general formula for wavelength and lines in hydrogen atom is:

——

5. - A photon is emitted from a hydrogen atom, which undergoes a transition from thatn = Jsha
the n = 2 state. Calculate (a) the energy (b) the wavelength, and (c) ﬁv.qu.ncy of the emitid

to {0

photon.
Given: —
Energy leveln=3
- Energy level P= 2.
Rydberg constant Ry = 1.0974 x 10'm
el
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Se pPHYSICS — X (e b
\L&? ':doonmmh-“z"‘ 10 Js
l .

sp:::o'rushtc"’ x 10° ms
To F n

Wlwlenglh?l -2

Enorgy E=

Frequency =7
Solution; lines in hyd
The genera) ronnula for wuvclcnfth lnd( nes '11 )y rogen ltom is

- RH l_’! -
' X .1__ . 1 af 1 . |
wtting values; | : 2 "097'_1 %X 10'm ((—2? m)
¥ 2 0.152417 x 107 i ’
- Im
0.152417 x 10

Amg, 560974 x 10,

ferefore A= 656, 09% 10%m = 6 it
C .

: h
ly Planck’s hypothesis E = e

6626 x 10™ Js % 3 x 10° ms™
utting values: E= 6.5609 x 107
herefore, E=300298 x 10y
' 3.0298 x 10§
lence E=

1.602 % 10" C e l.8912eV

gtin by Planck’s quantum theory

E = hf
E.
f NF
: . ¢ 3.0298 x 1019
itting values: fe= 6.626 x 10 Js A
L£=4.57 % 10" 12 s | 8 &
e N
Find the longest wavelength of !lgm cepab!o ﬂ;nhzlage hydrogon atom. How much energy In
needed to a.hzdr_ggen atom? , s : R .
et , ‘
Energy level n = o

Energy level p = |

Rydberg constant Ry; = 1.0974 x 10m
Plank’s constant h = 6,26 x 10 Ja

Speed of light C =3 % 10 mg”
'lag;

lvclength A=7EncrgyE="7
’%p

Rner.] formula for wavelength and lines-in hydrogen atom is

v ma()
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Putting values: e 1.0974 x 10°'m L(l) . |
1 I I

—= 4% 10" m™-

Y 1.0974 x

Or
)
A=Tosmax 10
A=0.911244 x 10"m
[A=9.11x10°m=011x 10‘°m=9lnm|
' . hC
_ By Plank's hypothesis =-1- |
| 6.626 x 10°* Js x 3 x IO’nls_"_

9.11 x 10%m

Putting values:
E=2.1819x 107

Therefore, ‘
& ~ <18
Hence, . W S E: %‘é‘= 13.619eV | .
’ ——
7 Calculate the radius of the innermost orbital level of the hydrogen atom. -3
Given: - ;
Energy level n=1 ‘ |
Plank’s constant h = 6.626 x 10™* Js
Number n = 3.14 ‘
Electron mass m = 9.109 x 107" kg |
Coulomb’s constant k = 8.988 x 10° Nm?/ C?
Charge on electron € = 1.602 x e |
To Find: R f
~ Radiusr =? 1
Solution: , _
From Bohr’s model for hydrogen atom
' | n*h? |
Iy = ——— J
 4n*mke’ |

(1)? (6.63 x 10 Js)?

Putting values

[r;=0.53 x 10"°m |

17 4(3.14) (9.11 x 107'kg) (8.99 x 10° Nm® C*) (1.67 x 10y

(a) Determine the energy associated with innermost orbit of the hydrogen atom (n-1). (%

8.
Determine the energy assoclated with the second orbit of the hydrogen at ’
om. (c) What energ)
does an incoming photon possess to raise an electron from first to tge second (al)lowed orbitol |

p—_J

the hydrogen atom?
Given: ‘
Energy level n =1
Plank’s constant h = 6,626 x 10°* Js -

Electron mass m =9.109 x 10%'kg
" Osulomb’s constant k = 8.988 x 10° Nm?/ C?

Charge on electron e = 1,602 x 107" C
'o Find:
irst orbit energy E; =?
2m® mk’e*
E,= -
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— S ’ O 1rx 100 ‘
: B el (2GIE(PITN 66;(&994 109 (1,67 x 109 _
. M= - (663 %10 Js)

E = [=2.17 x 100 1= 1356V

Similariv '
lariy, ,_-_L.\.m‘l'ﬂ: Q.11 x 10 8.99 x 10 1.67 x 107'%¢
et Vil (6.63 X 10775

o
(E; =054 x 10" ) = "3 qov T

The energy difference is
AE=E,;~E,
Putting valpes
" AE= —34ev - (~13.6eV)

-

8. An electron drops from the secong enargy
hydrogen atom (a) determine the energy of th

photon emitted (c) calculate the Wavelength of the photon emitted

level to the first energy level within an excited
e photon emitted (b) calculate the frequency of the

Given:
Energy leveln =2
Energy level P = | .
Planck’s constant h = 6,62 « 107 55
Speed of light C =3 x 1% ¢!
B =217 x 10" ) =13 6ev

Selution:

ir E, = initial energy before transition
E, = Final energy after transition

Then E=E,-E,

From energy of electron in quantized orbit E, = %‘ And E-.f-%

:-(B)

n

13.6eV
Putting values E= “Z?)c—

E=3.4eV +13.6eV

d

The energy in joules will be

' ! tum theory
Ry Plank's quantuy ry _—
: 16.3404 x-10~%) -
Pengyshes P 6.626 % 10°s
[f=2.466 x 10" Hz |

By Plank hypothesis he
=3 n
6.626 x 10 Js x 3 x 10* ms

= 16.3404 x 10™°).

Putting values:

[A=1216x10"m]

E=102¢Vx 1.602 x 10™ ¢ = 16.3404 x 107"
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Sto

the spoed = ad of the electron. (b) the

"10.  An electron Is In the first Bohr orbit orbt of hydroo'ﬂ-

Find (l}

¥

required for | the electron to circle the nuclﬂu.

Given:
Energy level n= |
Planck’s constanit h = 6.626 x10™ Js
Number n=3,14 ,
Mass of electron m = 9,109 x 10™'kg
Radius of first Bohr orbit r, = 0.53 x 10"°m
To Find:

Speed v =17 Time period = ?
Solution; ‘
From Bohr's second postulate

~h
pwr. =no.
.'or mvr °n"h'
' Tor
VS 2nmr, 1

. 6.626 % 10 Jg

Putting values: v =1 x 2%3.14 % 2.100 % 107 % 0.53 x 10"

[v=2.19x 10° ms" |

Also the s‘p:cd ‘v'is
’ e distance
Spee time

circumfercnce of sircle

time period

or V=

‘Putting values
. 2):‘*14x053>'10'°m
2,19 % 10° ms"!

T =1.52 x107% |

T=

T LV I D YR R A S T G T I SR

11.  Electrons In an x-ray tubu are accolorated through & mtanual difference of 3000 V. If these
electrons were slowed down In a eargat. wiat will be the minimum wavetength of x-nyl

produced.
Given:
Potential difference AV = 3000V
Plancks constant h = 6.626 x 10%'Js
Charge on electron q = 1.602 x 10"°C
_Speed of light = ¢ =3 x 10" ms

" To Find:
Minimum wavelength A=?
Solution;
- hC ,
By Planck hypothesis E= T} (i)

“The electric potential energy is E=q AV ——— (i.i)

T ORI O P R R T
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from equation (i) and equation (ji) . : : , _ . 387
. - qav=iE.
qAV A
hC.
X qAv

F;““i"g values '
: = 8:626 x 10 Js % 3 x 10" ms? |
1.602 x 10" C x3000v ;
(A=4.04x10"m=4.14A"] .

* f:::'tﬁt:v?; Pﬁtentlal difference through vehicl: an electron must be accelorata n order that the
mit of the continuous x-ray 2pectrum shall ba exactly 0.1nm. ‘

Given: ’
WavelengthA=0.1 x 10° m

- Planck’s constant h = 6.626 x 10™ Js

* Charge on electron q = 1.602 x 107 C

Speed of light C =3 x 10° ms"'

To Find: :
- Potential difference AV = ?
Solution:

By Plancks hypothesis E= %Q———-)_(i)

The electric potential energy E = qAV ——— (ii)

from equation (i) and equation (iii)
w3 hC

qAV=-°7C- |

putting values . _
| 6.626 x 10738 .3 x10° ms!

v - 1.602 x10-|9 C e O.i ¥ ?6-'“‘"]
AV 21241255V

R S S e

estions With A

) % B3 G G Y
L L P A R

TR ASTY DT TR

1. The total energy of the hydm(ien orbits arc;z:sggﬁqi Why?
> Ans, The negative sign show that the electron is

bound to the nucleus by electrostatic force of attraction and
that energy must be supplied to detach an electron from the nucleus. : o
l nt types of emission spectrum:

i hich are: ,
Ans. These are three kinds of spectra which
(1) - Continuous spectrs, .8 radiation spectrum of 'black body.

lecular spectra.
(2) Band spectra, €.8. mole :
(3) Lineor discrete spectra, €.g. atomic spectra of hydrogen.

3. Calculate the speed of electron in the first orbit of hydrogen atom.

Ans. As expression for speed is

2. Name the differe
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As electron lies in the first orbiti.e.n=1
| 2x3.14x9x10°x (1.6x107)% _ o 1o 106 ms”!

Thus V] - 6.63 x 10_34 .
r the identification
What is meant by a line spectrum? Explain, how‘llne spectrum can b? used fo e o8

Ans.

of elements? - — . oton
When the atoms of an clement arc : Z _____ '

excited by absorbing the energy from - ‘ B E, .
incident photons, the excited atoms must e f BB
return to their normal state by the . ® - .3
emission of energy, absorbed . during : i i
excitation. This energy released formsa : Lo N
spectrum which consists of sharply - . : . - -
defined spectral lines. Such a spectrum T
is called line spectrum, - b
Each element gives its own characteristics lines of definite wavelength Thus an element can be easily

identified by observing its spectrum.

How can the spectrum of hydrogen contam 80 many lines when hydl'ogen contains one
electron? . '

Ans,

When the energy is supplied to the atom of hydrogen atom, it will be excited, then its single electron
will jump from its ground level to some higher energy level. Now when it de-excites, it will emit one
spectral line, if it jumps direct from higher energy state to ground state. The electron does not
necessarily return to the ground state in a single jump, but may return by several jumps. Thus hydrogen

spectrum contains many lines.

What Is the basic difference betweon X-rays and Gamma rays?

Ans.

X-rays are produced by stopping high energy electrons on heavy atoms whereas y-rays are produced due
to radioactive decay of nuclei. Thus the source of origin for both is different.

Name the reverse process of X-ray production?

Ans,

The reverse process of X-rays production is “Photo electric effect”.

° 0 @.Q.@OO. @0 e


https://v3.camscanner.com/user/download

— X1I (Subjective)

Zaircle the correct option,
1

-

Wr of atoms in metastable state (Ey) is
gversion means

“N2” and in ground state (Ey) is “N,» t;h_é.popul'ation
AN N (B) Nz <N, (C)-N;>N, Ny E

L (D) =t==2
If electrons jumps from second orbit to fj |

N, E,
irst in hydrogen atom it emits photc f -
7 photon o
(A)? A0 e’\. lies in th (B).10.20 eV ‘ ©)13.6eVv (D) none of these
Which series les in the ultraviolet region? '
(A) blamer SETIES _(B) bracket series (C) Pfund series (D) Lyman series
iy SIhGOﬂest wave length in Bracket Series have wave length
. Rey
™7, b (©) 16R, (D)4R,
. 4 o ~ .
The radius of the 3" Bohr orbit in hydrogen atom is greater than the radius of 1* orbit by a factor of
B2 . (B)3 ()4 (D)9
Band spectrum is produced by k \ &
(AR (B) H, (C) He - (D)Na
In excited state the total energy is E, what is K.E with proper sign
(A)2E - (B)-ER2 (C) 2/E (D)—E .
b In an X - rays tube, electrons each of charge e are accelerated through V potential difference allowed to hit
a metal target. The minimum wavelength of the X — rays emitted is ' ,
(A) h_\c} (B) %ﬁz— ©) % ' (D) impossible to predict
' e c
9. The cleciric P.E of an electron in an orbit at a distance r, from the positive charge ' 30
(A) Ke¥/r, . (B) Ke?/r,? - (CY-Ke¥r,
(D)-Ke'/r,’ . | -
10. What is the velocity of a particle of mass m & de-Broglie wavelength A4 ?
- mh (2hc 2
h B 2h (C) nn . (D) L }
e ®) 7 ~ "\ma
Q.No.2 Write Short Answers any SIX of the following questions. '
1 — Bohr theory of hydrogen atom consists of several assumptions, do any of the assumption contradicts the classical :
3 ' t\}\\,e;)\’ty;?s the difference between spontaneous and stimulated emission?
i a . :
3 Write down four uses of laser light. . ,
i do you mean when you say that atom become excited?
4, Whalh:e){e ctron in the ground state of hydrogen absorb a photon of energy 13.6eV and greater-than 13.6eV?
b Can‘t in why laser action could not occur without population inversion between atomic levels?
6 E\:‘Jﬁa? is meant by line spectrum? Explain. How the line spectrum is used for identification of clements
Z{ Define Spectroscopy. : '
Q No_3Extensive Question..

== What arc LASERS. Discuss and laser princinle and pobulation inversion for laser production.
A (("“)) Compute the potential differcnce through which an elec

tron must be accelerate in order
of the continuous x-ray spectrumt shall be exactly 0.1nm.

that the short wave limit
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"-).No 1 Enclrcle the correct option.
. In Helium-Neon laser, discharge tube I filled with Neon gas
(/{) e By 1% (C) 85% (D) 90%
The speed of an cleetron in nth orbit Is glven as . ) 2k
n L’
an’ke’ 2mke?  drke (D)
B) ——— ©) —5,7
(A) nh ) nh | nh
The energy of electron in the 4™ orbit of hydrogen atom s
(A)-2.51 ¢V (B) -3.50 oV (C)~13.6¢cV (D)~ 0.85 eV
[n a meta stable state an atom can reside for about ] .
(A) 105 (B) 10™°s (€)107s l (D) 10Qg
The energy of clectro in second excited state will be hydrogen atom is
(A) =1.51eV (B) —0.48¢V (C) —13.60eV (D) - 0'85.eV
- X-raysdiffraction reveals that these are .
(A) Particular type (B) Wave type (C) Both wave and particular (D) None of above,
The unit of Rydberg’s constant R,y is : ) . ‘ .
(A)ms™! (B) m (C)m (D) m
3. Second postulate of Bohr's atomic model is -
| nhr 2n
(A) mvr = 1211-: (B) mvr = 2nnh (C) myv = - (D) mvr=—- o
9. Unit of Plank's constant is same as that of:
(A) Acceleration (B) Angular momentumn (C) Lincar momentum (D) Entropy
0.No.2 Write Short Answers any SIX of the following questions.
L Write the postulates of Bohr’s atom model?
2 Explain why a glowing gas emits certain wavelengths of light and why that gas is capable of absorbing thc same

wavelengths? Give the reason, why it is transparent for the other wavelengths?

3. Name the pumping gas and lasing gas in He-Ne laser, also give their percentage in it.

4, - Define (a) Population inversion (b) Mectastable state

5 Writec down the some uses of LASER.

Can x-rays be reflected, refracted, diffracted and polarized just like any other waves? Explain.

What are the advantages of laser over the ordinary light?
Q.No.3Extensive Questions.

O (a) State postulates of Bohr’s Model of hydrogen atom. Derive expression for quantized energies of electrons in any
orbit of hydrogen atom.
" (b) Calculates the longest wavelength of radiation for the Paschen series.

0]0]0]010]0]O]
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