CHAPTER 20

ATOMIC SPECTRA

10.

11.

12.

J

| MULTIPLE CHOICE

The electric potential energy of an electron in an orbit at a distance

rn from positive charge is

A K B X c. % D. “-
Bohr proposed his model of hydrogen atom in

A 1820 " B 1813 C 1913 D. 1914
The value of Rydberg constant is 1.0974 x

A 107m' B 1010 R

C 104 m’ B ! CECOh

Net force on an electron in an orblt revolvmg around the nucleus:
A Positive \ B- Negat&{e " "C Zero D None

The scientist who studled the wavelength of all lines of hydrogen
Spectrup'l h ngble region was:

A Lymaqn B. Baimer

C Paschen D Braekett

When electron absorbs energy, it jumps to:

A. Lower energy level B Higher energy level

C Ground level D Infinity

The numerical value of ground state energy for the hydrogen atom
is:

A -106 eV B 136eV C -136eV D -56eV
Radiation with wavelength shorter than violet is called:

A x-rays B. Infrared C. Ultraviolet D y-rays

The residing time of atoms in meta stable state in case of laser
actaon is '

Life tlme of a Meta stable state tn a substance is
A10°s \ B10%\s/ C10°%s D10°%s

In the spectrum of wh:ch of the followmg will you find B aimer
series  R(NN\N o

A Oxygen ) ' B. Nitrogen

C. Hydrogen D All of these

Bracket series is obtained when all transitions of electron
terminate on.

A 47 orbit 2 7 orbit

C 37%orbit C z"orbit



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

" X-rays are radlatlon of O\ A

In an electronic transition atom cannot emlt (C\O)UL
0O A\ -B Ultrawolet rays

A. Visible light A\

C y-rays \\ "D Infrared rays
X-rays exhibit the phenomenon of

A. Interference J‘ B. Diffraction

C. Polatization D. All

X-rays are affected by:

A. Electric field B. Magnetic field
C. Electric and magnetic field D. None of these
The emission of X-rays leaves the atom of the target in

A. Ground state B. Excited state

C. Doubly ionized state D. Singly ionized state
X-Ray photon moves with a velocity of

A. light B. less than light
C. greater than light D. sound

LASER can only be produced if an atom is in its

A. Normal state B. Excited state_.

C. lonized state " D de—exmted state

When an electron in hydrogen atom ]umps from a higher orbit into
the first orbit, the set of| Ilnes emitted is called

A. Balmer series - \ PO B Lyman series

C. Bracket eqag» B\ D. Paschen series

The wphvél nbth of Lyman series for hydrogen spectrum lies in:

A Infrared region B. Visible region

C  Ultraviolet region D. None

When an electron is in its lowest energy state it is called:

A. Ground state ‘B Excited state

C. lonized state D None

The type of radiation which can burn the human skin is called:
A. x-rays B Microwaves

C. Ultraviolet D. Infrared

X-rays cannot produce pair production because:

A. They have no charge

B. Their rest mass is zero

C. They are electromagnetic waves AR
D. Their energy is less than 1. 02 Mey 0\

A. High energy ~B. H"‘igh frequency

C. Low wavelen? AR\RES e D. All

X-rays are. similar in nature to

A. Alpha rays B. Beta rays

C. Cathode rays D Gamma rays

According to de-Broglie the electrons in the Bohr orbits may appear
as:

A. Particle B. Photon

C. Standing wave D. Compressive wave



27. Laser can be made by creating: =~ [\ (CUL
A Meta-stable state — O 0\ (B, Popdlation inversion
C Stmulated emisston .\ /||| U\~ D. Al
28. Laseris a beamwhichiis;. '~

A. Monochromatic\ ' B Intense C. Coherent D. All
29.  Which|is an example of continuous spectra?

A Black Body radiation spectra B. molecular spectra

C atomic spectra D None of these

oo Answers: _ e
1D, 2¢C | 3.A [ 4C | 5B | 6B | 7.C |

8.C | 9.D 10.A | 11.C | 12.A | 13.C | 14.D

i__1_:5l D | 16.A | 17.A | 18.B | 19.B | 20.C | 21.A |
,.,22.C | 23.D | 24.D | 25.D | 26.C | 27.D | 28.D
1 29.A

Q1l: Briefly describe about the :
Ans: Spectroscopy: O\ |\~ )\ co o T

The branch of physics\that deals with the investigation of wavelengths and
intensities of eleqtromagnetic radiation emitted or absorbed by atoms is called

spectroscopy\ -
Types of spectra:

It includes the study of spectra produced by atoms. In general there are
three types of spectra called.
(i) Continuous spectra:

Black body radiation spectrum, is an example of continuous spectra;
(ii) Band spectra:

Molecular spectra are the examples of band spectra
(iii) Discrete or line spectra or atomic spectra:

The atomic spectra of hydrogen,
Q2: - Write a note on atomic spectra?
Ans: Atomic spectra: _ A
i. When an atomic gas or vapour at much -less.than atmospheric pressure is
suitably excited, usually by passingcan electric’current-through it, the emitted
radiation has a spectrum, which contains| certain specific wavelengths only.
ii. An idealized arrangement for'observing such atomic spectra is shown in Fig.
Actual spectrometer uses diffraction grating for better resuits.
iii. Line spectrum:
The impression on the screen is in the form of lines if the slit in front of the source S
18 narrow rectangle It is for this reason that the spectrum Is referred to as line

spectrum
iv. Identification of different elements:



27. Laser can be made by creatmg

A Meta-stable state B Populatron inversion

C Stmulated emission A\ “D. All
28. Laseris a beam which ls.
A Monochrqmatrc -3 intense C. Coherent D. All
29.  Which|is an example of continuous spectra?
A Black Body radiation spectra B. molecular spectra
C atomic spectra D None of these
e Answers: _ o
1.D |, 2.C | 3.A 4.C 5.8 6.B 7.C
~8.C . 9.D 10.A | 11.C 12. A 13.C 14.D
15.0 | 16.A | 17.A | 18.B 19.B 20.C 21.A |
22.C | 23.D | 24.D | 25.D | 26.C | 27.D | 28.D
' 29.A

SHORT & LONG QUESTIONS

Q1l: Briefly descrlbe about the spectrosoopy?
Ans: Spectroscopy: ¢ ARMENS)

The branch of. ?hysms that' deals w;th the investigation of wavelengths and
intensities of qleqtrornagneuc radratron emitted or absorbed by atoms is called
spectroscopy
Types of spectra:

It includes the study of spectra produced by atoms. In general there are
three types of spectra called.

(i) Continuous spectra:

Black body radiation spectrum, is an example of continuous spectra;
(ii) Band spectra:

Molecular spectra are the examples of band spectra
(iii) Discrete or line spectra or atomic spectra:

The atomic spectra of hydrogen,

Q2: - Write a note on atomic spectra?

Ans: Atomic spectra:

. When an atomic gas or vapour at much -less. than atmospherrc pressure IS
suitably excited, usually by passingcan.| electnc current through it, the emitted
radiation has a spectrum, which contarns certam specific wavelengths only.

if. An idealized arrangement for observmg such atomic spectra is shown in Fig.
Actual spectrometer uses| diffraction grating for better resuits.

iii. Line spéctrum.

The impression on the screen is in the form of lines if the slit in front of the source S
18 narrow rectangle It 1s for this reason that the spectrum Is referred to as line
spectrum

iv. Identification of different elements:



The fact that the spectrum of any element contains wavelengths that exhablt definite
regularities was utilized in the second half, of the 19*“ century in identifying different

elements.

\ \
Hyderogen \ \

Discharge Source

Line Spectrum of Hyderogen
Vio fep

These regularities were classified into certam groups called the spectrai series.
V. Balmer series: ' | (&~

The first such series was. ldentlﬂed by‘;_,.,,,
J.J Balmer in 1885 im| the | sped*um of
hydrogen This ser_ & cgiied the'Balmer series,
is shown in Fig\| and :% in the visible region of

g .
the electromagnetic spectrum.
vi. Rydberg constant:
The results obtained by Balmer were

656 NnMm
43E nm
434 nm
410 nm

expressed in 1896 by JR Rydberg in the Red Blus Blue Vioet UV
following mathematical form Groan

1 1 1

i = R() )

Where Ry is the Rydberg’s constant. Its value is 1.0974x10' m*
Q3: Describe briefly atomic spectrum of hydrogen?
Ans: Atomic spectrum / Line spectrum of hydrogen:

Line spectrum of hydrogen atom consists of different types_ of radiations
These radiations are divided into five categorles called spectral senes
i. Lyman series:

The spectral lines of hydrogen, m the uitrawolet and mfrared regions fall into

several other series. iInc ihe :‘ultrawolet region, the Lyman series contains the

wavelengths given by thF fou mula |

NNNE 1 1
LT e
where n L

i Balmer series: |
The Balmer series contain wavelengths in the visible portion of the hydrogen
spectrum



where = 345 . A\ QNN [0
_ where R, is the Rydberg s constant lts vaiue us W 0974 x10/m"
iti. Paschen serles' A\ 0 U
in the infrar ic') .-“'»three spectral series have been found whose lines

have the waveleﬂgtjs specuf ed by the formulae:
Paschen series’ -

1 1 1
il Ru (5—2 - 'T-t—z-) .......... (3)
- where n=456 .
iv. Brackett series:
1 i 1
! =R, (23"}5 (4
where n =567
v. Pfund series: ‘
N 1 1
= B Ru -5—2 = ;) ........... (5)
where n.=678,...

Q4: Illustrate the postulate of Bohr's model-of wthe hydrogen atom?
Ans: Bohr's model of the hydrogen atom- WAL

in order to explainthe. emplrlq I results obtalned by Rydberg, Neils Bohr, in
1913, formulated a model of\ hydrogerf ‘atom utilizing classical physics and Planck's

quantum theho Tms |semi “classical theory is based on the following three
postulates: NN

Postulate I: ]

An electron. bound to the nucleus in an atom, can move around the nucleus
in certain circular orbits without radiating. These orbits are called the discrete
stationary states of the atom. .

Postulate 1I:
Only thosg stationary orbits are allowed for which orbital angular momentum

1s equal to an integral multiple of f'; e
mvr = % (1)

wheren=12 3. ... and n is called the principat quantum number, m and v
are the mass and velocity of the orbiting electron respectwely and ' ig Dlanck's
constant s PN V() \)

Postulate III: CA Y [ (B0
Whenever an electron makes, a fransmon that ls ;umps from high energy
state E, to a lower energy- stavte‘ Ep a photon of energy h fis emitted so that
\ hf\ ‘-‘»-,E,Tv— E, ... (2)
where:f, ¢ .IJA lis the frequency of the radiation emitted.
Q5: Derive de-Broghe s interpretation of Bohr's orbits?
Ans: de-Broglie's interpretation of Bohr's orbits:

At the time of formulation of Bohr's theory, there was no Jusuﬁcanon for the
first two postulates, while Postulate 1l had some roots in Planck's thesis. Later on
with the development of de Broglie's hypothesis, some justification could be seen in
Postulate 1l as explained below:




Derivation of postulate II of the Bohr 3 model

Consiaer a string of length | as shown*in Fig. If this is put into stationary
vibrations. we must have { = n A where n is an integer. Suppose that the string is
bent into circle of radius r, as demonstrated for n = 3 and n = 6 in Figs., so that

or | =
From de Broghe s hxgpthems
“ j’ A = _’} ] i
P my
thus 2 = Ok .
mv 2m
nh
or mvr = —
2n

Which is Postulate Il of the Bohr's model

Q6: Derive a relation for the first Bohr orbit radius and speed of
electron in the nth orbit of the hydrogen atom? OR Derive a
relation for quantized radii?

Ans: Quantized radii:
Consider a hydrogen atom in which électron moving with velocny vy IS in

stationary circular orbit of radius r,. From Eq.

n
mvr = —
2n
_ nh
Vn - TR
anr"‘»~~ \

rcuiar orbtt shown in

As electron to stay In théf’ c
Fig.. the centnp?tal force o\

F
F. = == s provided by the Coulomb's force

n
2

Fe = f;‘—;— where ‘e’ is the magnitude of charge on

n
electron as well as on the hydrogen nucleus consisting of a single proton. Thus,
mud _ kel (2)

L) rri .



where constant k 1s equal to

‘ - angg . O A\ A\ Y |
After substituting for v, from Eq. 1, we Haye) |\ .\ = U

where N NN )
\ Hn_,_* ot 4szkm32 0053 nm

T_his ag"rees with the experimentally measured values and is called the first
Bohr orbit radius of the hydrogen atom.
Note: '

Thus according to Bohr's theory, the radii of different stationary orbits of the
electrons in the hydrogen atom are given by

h = ry.4r,, 9ry, 1614,.......

_\\. g | \
ol

ARNN ,
The 'r"u'gf‘J 6’hr orbit in the hydrogen atom has a radius ry = 5.3 x 10" m. The
second and third Bohr orbits have radii r, = 4r, and ry = 9r, respectively
Speed of electron in nth orbit:
Substituting the value of r, from Eq. 3 in Eq. 1, the speed of electron in the

nth orbit is
2mke?

Vo 5 = (4)
nh
Q7: Calculate the total energy of the electron in the Bohr orbit?
. OR
Derive a relation for quantized energies?

Ans: Quantized energies:
Let us now calculate the total energy E, of the eiéctron in the Bohr ¢ “it, E,

then put in Eq. 1 E, = pr— = e (4)
ntht .
Since fa = gy e (5)

By substituting the value of r, from Eq.. we have



where (g B - = constant

wh:ch is the'energy required to completely remove an electron from the first
Bohr orbit. This is called ionization energy. The ionization energy may be provided
to the electron by collision with an external electron.

Ionization potential:

The minimum potential through which this external electron should be
accelerated so that it can supply the requisite ionization energy is known as
ionization potential Thus for n = 1. 2. 3  we get the allowed energy levels of a
hydrogen atom to be

Enm —Ep — 2 -2 =2

The experimentally measured value of the bmdlng energy of the electron In
the hydrogen atom is in perfect agreement with the vaiue predlcted by Bohr theory
Excitation potential: a1\ ([CL)

The potential through which am electron Should be accelerated so that. on
collision it can lift the electron mvthe atom from its'ground state to some higher state.
is known as excitation potentla! \\ \\LS NS
Q8: Describe tpq Jdlﬁerence ‘between amount of energies of orbital

electrons and free electrons?

Ans: The orbital electrons have specific amount of energies where as free

electrons may have any amount of energy.

Q9: Derive an expression for the wavelength of hydrogen emission
spectrum?

Ans: Hydrogen emission spectrum:

Suppose that the electron in the hydrogen atom is in the excited state n with
energy E, and makes a transition to a lower state p with energy E,, where E, < E,,
then

_ hf=E,—Ey ... (1)
where En= -2 (2  and E,= -2 (3)

hence by putting values of E, and E; in Eq 1 s s
hf = —E (—- ol };_2) W\ IER
Substituting forf = c/4 and r rrangmg
IR _E:? 2_3 )

e he\p? 2

(NINN (1 1

N R (- - ) e 4)

where Ry is the Rydbem constant given by the equation
Ry = ﬁ 1.0974 x 10'm™" ... (5)

which agrees well with the latest measured value for hydrogen atom.



(Azlo-: Draw energy level diagram for the hydrogenatom’ S
* Ans:  Energy level diagram for the hydrogen atom:

\(} (] Q‘;)
\»,,_‘ \_ (} o ‘;
.8 P e " o=
Q — azy
- = - S e - ‘ ry - -
0. - ' ‘1 l | "o
- 1 .51 o | .
| P schon
- 3.40 A B
PPN RS S &
\ }-!:-J i“\-\;’,J“f” A Rrys——— _—

Q11: How much energy is required for the excitation of an atom by
photon?

Ans: Photon must have energy exactly equal to the energy difference between the

two shells for excitation of an atom but an electron with K E greater that the required

difference can excite the gas atoms.

Q12: Write a note inner shell transitions and characteristic X-rays? -

Ans: Inner shell transitions:

i The transitions of electrons in the hydrogen or other light elements result in

the emission of spectral lines in the infrared, visible or uitraviolet region of

electromagnetic spectrum due to small energy differences in the transition levels

ii. The inner shell electrons are tightly '

bound and large amount of energy is required for . [ “gfedin-

their displacement from their normal energy (\\" [

levels. After excitation, when an-atom returnsto~ ~ =

its normal state, photons| of(larger energy are

emitted. BTN INNE

Inner shel!?_{,ﬁ*a’h‘siﬁons and characteristic

X-rays: '

The transition of inner shell electrons in
heavy atoms gives rise to the emission of high
energy photons or X-rays. These X-rays consist
of series of specific wavelengths or frequencies Incdent high
and hence are called characteristic X-rays. energy electron

Scattered
electron

......
.
.
*




Q13: Describe the construct:on ar\ld workmg of X-rays productlon unit?
Ans: X-rays product:on‘* n:‘tr

i. X-ray tube'J'v I \[] \ W -
It consists Of a high vacuum tube called X-ray tube.
ii. Function of filament:

When the cathode is heated by the filament F. it emits electrons which are
accelerated towards the anode T

e’ O
High voitage

Tungsten disc  Anode

i L Cooiing ofl

L ZI ER N2
B B MR
vollage

ii.  Kinetic. mbf electron:
If V is'the pbtent:al difference between C and T the kinetic energy K.E with

which the electron strike the target is given by
KE = Ve (1)
Production of K X-ray:

Suppose that one of the electrons in the K shell iIs removed. - thereby
producing a vacancy or hole in that shell. The electron from the L shell jumps to
occupy the hole in the K shell, thereby emitting @ photon of energy hf,, called the

Ko X-ray glven by
hfia = EL— Ex - (2)
Production of KgX-ray:_
“ts also possible that the electron from the M shell might also " jump to
occupy the hole in the K shell. The photons emitted are KB X-ray wnth energles

These photons give rise to KB X-ray and so on
Characteristic X-rays: \ \/7 oAV = U

The photons emitted) in such trahsmons i e inner shell transitions are called
chatract'enstlc X—rayﬁ because their energies depend upon the type of target
matenrial. NINAA A :

Creation of holes:

The holes created in the L and M shells are occupied by transitions of
electrons from higher states creating more X-rays. The characteristic X-rays appear
as discrete lines on a continuous spectrum.




Q14: Briefly describe the continuous X-ray spectrum? OR Write a note on
bremsstrahlung or braking/radiation? ~  ~
Ans: The continuous X-ray spectrum:
The continuous/spectrum is due to an effect known as bremsstrahlung or
braking radiatigh!\" - 4
i - When the fast moving electrons
bombard the target. they are suddenly slowed
down on impact with the target. We know that
an accelerating charge emits electromagnetic
radiation. Hence. these impacting electrons

emit radiation as they are strongly decelerated
by the target.

Inteasdy

—>

ii. Since the rate of deceleration is so
large, the emitted radiation corresponds to i oﬁ
short wavelength and so the bremsstrahlung is ' '

_ _ ———> Wavelength (nm)
in the X-ray region I[n the case when the

electrons lose all therr kinetic energy In the first collision.-the entife kinetic energy
appears as a X-ray photon of energy hfma, 1€.. N[0 \oo
iii. The wavelength Amlnm00(r sponds 1o frequency fmax. Other electrons do
not lose all their energy in the first collision. They may suffer a number of collisions
before coming t .;\:.,\rjgﬁtiﬁ_’,x;«_hi"‘s3‘w"ril’l give rise to photons of smaller energy or X-rays of
longer wavelength- Thus the continuous spectrum is obtained due to deceleration of
impacting electrons.

Q15: Illustrate the properties of and uses of X-rays?

_

Ans: Properties and uses of X-rays: i
X-rays have many practical applications in medicine and industry.
i X-rays can penetrate several centimeters into a solid matter, so they can be

used to visualize the interiors of the materials opaque to ordinary light, such as
fractured bones or defects in structural steel
ii. Procedure to detect fracture by X-rays: _

The object to be visualized i1s placed between an X-ray source and a large
sheet of photographic film; the darkening of the film is proportional to the radiation
exposure. A crack or air bubble allows greater amount of X-rays to pass. This
appears as a dark area on the photographic fiim. Shadow-of bones @ppears lighter
than the surrounding flesh. It is due to the fact\that \bones contain greater
proportions of elements with high atomic\number and so they absorb greater
amount of incident X-rays than-flesh. Inflesh -light elements like carbon, hydrogen
and oxygen predomgnajte':x These elements allow greater amount of incident X-rays
to pass through them./"/ o~ ~
Q16: Write a note on CAT-scanner?

Ans: CAT-scanner: J

In the recent past, several vastly improved X-ray techniques have been
developed. One widely used system is computerized axial tomography; the
corresponding instrument is called CAT-Scanner. .



Working of CAT-scanner: N\ 2ON\VY
The X-ray source produces a thin fan: shaped beam that Is deiected on the

opposite side of the subject by an array of severai hundred detectors in a line Each
detector measures absorptron of Xray- afong a thin hine through the subject The
entire apparatus is rotq'ged around the subject in the plane of the veam during a few
seconds The qhadg:ng reactions of the detector are recorded digitaily. a computer
processes th:s information and reconstructs a picture of different densities over an
entire cross section of the subject. Density differences of the order of one percent
can be detected with CAT-scans:

Use of CAT-scanner:

Tumors and other anomalies much too small to be seen with older
techniques can be detected.

Q17: Briefly describe the biological effects of X-rays’

Ans: BIOIOglCal effocts of X-rays:

i. X-rays cause damagc ‘o living tissue As X-ray photons are absorbed in

tissues, they break molecular bends and create highly reactive free radicals (such

as H and OH), which in turn can disturb the molecular structure of the proteins and

especially the genetic matenal -\ (C J

i, Young and rapidly growing cells are pamcular\y susceptuble hence X-rays

are useful for sciective destructncm of cant:er ‘cells-On'the other hand a cell may be

damaged by radiation bm SUN'V"‘ ‘continte dividing and produce generation of
defective cells. Thus Xf ays\cantouse cancer.

iii. Excesﬁ%’r da'amon exposure can cause changes in their productive system

that will affect the organ'sm's offspring.

Q18: With the help of uncertainty principle show that electron can exist
in the atom but cutsidec the ruclous? OR Explain the Heisenberg
uncertainty within the atom?

Ans: Uncertainty within the atom:

One of the charactenstice of dual nature of matter is a fundamental limitation
in the accuracy of the simultaneous measurement of the position and momentum of

a particle.
Heisenberg showed that this is given by the equatlon
Ap .Ax > %

Presence of electrons within the atom: X\

However, these limitations are sigrificantin| the realm of atom. One
interesting question is whether electrons are prasent in atomnc nuclei. As the typical
nuclei are less than 1 0“m in dmmet for an electron to be confined within such a
nucleus. the uncertainty in zts posmon s of the order of 10 m. The corresponding
uncertainty ir !hje etfcnrbn s momentum is

\Ap > % ap 2 °°f:f:’4 = 6.63x 10%kg ms”
‘As Ap = mAv
Herce av = 229 5> 73x10%ms’

9.11x10~¥#
Hence. for the electron to be confined to a nucleus, its speed wouid have to

be greater than 10'° ms' i.e., greater than the speed of light. Because this is



'mpossible, we must conclude that an eiectron can never be found inside of a
nucleus S\ WY )
Can an electron reside inside theatom'

To find this, we [@gain\calculate the speed of an electron and if it turns to be
less than the. Qﬂed of ight, we have reasonable expectation of finding the electron
within the atom but outside the nucleus

The radius of the hydrogen atom is about 5 x 10" m. Applying the

uncertainty principle to the momentum of electron in the atom we have
n

* Ap 2 —
Ax
As Ap = mAv
Therefore, Ay =
) max
For an atom Ax is given 5x 107! m
. -34
Thus Av = e = 146x10" ms’
911x10731x5x10711

Note:

This speed of the electron is less than the speed of hght therefore it can
exist in the atom but outside the nucleus. |\ .

Q19: What stands for the word “laseil?f_j?fbescrlbe the purpose of laser?
Ans: Laser: 0 '

Laser is_ 5 @bronym for nght Amplification by Stimulated Emission of
Radiation /NN
Purpose or use of laser:

Lasers are used for producing an intense, monochromatic, and unidirectional
coherent beam of visibie ight. Working of a laser depends upon stimulated emission
and population Inversion.

Q20: Explain spontaneous and stimulated emission as a working of
laser?

Ans: Steps for spontaneous and stimulated emission:

i. Stimulated or induced absorption:

The incident photon absorbed by an atom in the ground state E, thereby
leaving the atom in the excited state E; is called stimulated or mduced absorptuon
ii. Spontaneous or induced emission:

Spontaneous of induced emission is that in whlch the atom emnts a photon of
energy hf = E; — E, in any arbitrary’ dtrectlon R\RSR)

iii. Stirhulated or induced en‘llssmn

Stimulated or. mpuced emission is that in which the incident photon of energy
hf = E; - Exinduces the atom to decay by emitting a photon that travels in the
direction of the incident photon. For each incident photon, we will have two photons
"going in the same direction giving rise to an amplified as well as a unidirectional
coherent beam. Such a beam is called laser.




1Ny L -
) I

- 4 Ez

(b) Spontaneous Emissicn
-

B = —r =

E——-——O—-——-——

(c) iNnduced Emission
Q21: Explain population inversion and laser action?

Ans: Population inversion and laser action: £ |
Normal population: O-G

A normal population of atomic energy ( wm’w
state, with more atomic in the Iower energy state VN : 00000000
E: than in the excited state 2.~ (Sﬂ""er energy)

A poputation mvkar&onv--m;whuch the higher (8) Normal population
energy state. ;b&s é greater population than the.
lower energy state. E, 00000000
Explanation:
i Greund state (E,) and excited state (E;): E, ¢

Let us consider a simple case of a material
whose atoms can reside in three differcnt states as  (b) Popuiation inversion

shown in Fig.

= TTFFE

~10's
N,

E, .

State E,, which is ground state; the excited state E, in which the atoms can
reside only for 10° s and the metastable state E, in which the atoms can reside for

~107 s, much longer than 10's.



ii. Metastable state (E;):

A metastabie state 15 an excited (state | 1) WhiCh an excsted electron s
unusua'ly stable and from wh:ch the' \electfon spomaneouszy falls to lower state only
after relatively longer time. | The tran‘smon from or to this state are difficult as
compared 10 other excqed \states ‘Hence, instead of- direct excitation 10 this state,
the electrons are(excited fo higher leve! for spontaneous fall to metastable state
iii.  Population inversion:

Also let us assume that tne Incident photons of energy hf = Es- E; raise the
atom from the grcund state E, to the excited state E,, but the excited atoms do not
decay back to E. Thus the cnly aiternative for the atoms in the excited state E; is 10
decay spontanecusiy {o state E. the atoms reach state £; much faster than they
leave state E. This eventualiy leads to the situation that the state E; contains, more
atoms than state E.. Trus  situation 1s known as populaticn inversion.

Laser action:

i Once the population inversion has been reached, the lasing action of a laser
1Is simple to achveve The atoms n the metastabie state E. are bombarded by
phectons of energy hf = E.-- €, resuiting m an induced emission, gw:ng an intense,
ccherent beam in the direction of the mudent photon SU"hﬂ beam as ‘called laser.

i, Use of mirrors: \ , O

The emitted photons must| be conﬁned ' “‘-the assembly long enough to
stimulate further emission) from/ othar\”exmed atoms. This is achieved by using
mirrors at the two ends ﬁ tha’aasembiy One end is made totally reflecting, and the
other end s paq:al ,téa Sparent to allow the laser beam to escape As the photons
move back and’ fonh vetween the reflecting mirrors they continue to stimulate other
excited atoms to emit photors As the process continues the number of photons
multiply and the resulting radiation 1s. theretore, much more intense and coherent
than light from ordinary sources.

¢ Large potentisl >

difference

Compléfél.g' = | Partially
sivered silvered
mirror mirror



Ans: Helium —neon laser: A e

o\ '-Metastable Stéte
el Q_!_'i

He o

Metdslabie S‘l \"te\..‘
PN u‘
’,_i':li,;J, J ",J“-J»
20.61 eV 20.68 eV 18.70 eV
. . A :
Ground State Ground State
i It is @ most comman type of lasers used in physics laboratories lts discharge

tube is filled with 85% nelium and 15% neon gas. The neon is the lasing or active

medium in this tube By chance, helium and neon have neariy ldentncal metastatle

states. respectively located 20 61 eV and 20 66 eV level _ =

i. The high voltage electric discharge’ \excites, mé eiect?cms n some of the

helium atoms to the 2031 eV s}ate A {hlS {@ser popuiation INVersion in neon is

achieved by direct colhs;@n )\ with sam\e lenérgy electrons of helium atoms Thus

excited helium atoms. 9@ pdei Awith-neon atoms. each tr ansferrng 'ts own 20 61 eV of

energy to an elﬁb&*ﬁa in-the neon. atom along with 0 05 eV of KE from the moving

atom As a result. the electrons in neon atoms are raised to the 20 66 eV state In

this way, a populatien inversior is sustamned in the neon gas reiatwe {c an energy

level of 18 70 eV

iil. Spontaneous emission from neon atoms initiate !aser action and stimulated

emission causes electrons in the neor {¢ drop from 20 66 eV tc the 18.70 eV ieve!

and red laser hight of wavelength 632 8 nm corresponding ‘o 1.96 eV erergy s

generated.

Use of helium-neon laser:
The helium-neon laser beam is being used to dragnose diseases of the eye.

The use of laser technology in the field of ophthaimology is widespread

Q23: Briefly describe the uses of laser in medlcme and mdustry?

Ans: Uses of laser in medicine and industry: [/~

1. Laser beams are used as St.srgnc;.aJ tool ! .‘weldmg" detached retinas

2. The narrow intense beam of laser-can be used to destroy tissue in a
localized area_ Tiny\organelles with a lving cell have beer destroyed by
using ! 'a§‘er bojsmdy how the absence of that organelle affects the behawor of
the cell.

3. Finely focused beam of laser has been used to destroy cancerous and pre-
cancerous c2ll.

4. The heat of the laser seals off capillanes and iymph vessels to prevent
spread of the disease.

5. The intense heat produced in small area by a laser beam is a'sd used for
waldinA and marchinina metale and far drllina finu halae m hacs smaran ale




-

o i

‘Stimulated or induced emission is that in which the incident

The precise straightness of a laser beam Is a}so usaeful to surveyors for lining
up equipment especially in maccessrble locations

it is potential energy scwrce fcﬁr 1r}ducmg fusion reactions.

It can be usedfor telecommunication along optical fibers.

Holography:

Laser beam can be used to generate three-dimensional images of objects in
a process called holography.

5 |

When an atomic gas or vapours at less than atmospheric pressure is
suitably . excited, usually by passing electric current through it, the emitted
radiation has a spectrum which contains certain specific wavelengths only.
Postulates of Bohr's model of hydrogen atom are.

An electron, bound to the nucleus in an atom, can move around the nucleus
in certain circular orbits without radnaxmg These orb&ls are ‘cdlted the discrete
stationary states of the atom~ \\ Y/

Only those stanowary states, are\allowwffcr whlch orbital angular momentum

h
IS equal to anm@gral mu'tipte of hie, mvr = =

’ 27{
Whenevér dn' electron makes a transition;, i.e., jumps from high energy state

£. to a lower energy state E,, a photon of energy h f is emitted so that hf =

En = Eq

The transition of eiectrons in the hydrogen or other !ight elements result in
the emission of spectral lines in the infrared, visible or ultraviolet region of
electromagnetic spectrum due to small energy differences in the transition
levels

The X-rays emitted in inner shell transitions are called characteristic X-rays,
because their energy depends upon the type of target material.

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

Laser is the acronym for Light Ampimcatuon by Stlmula«ted Emtssnon of
Radiation

The incident photon absorbed by, an atom m the ground state E,
Jeaving the atom, 4 the excrted state E,is called stimulated or

thereby

\ induced
absorption. ) QLS
Spontaneou$ Grhnduced 'ermssnon Is that in which the atom emits 3
energy hf = "E; - E, in any arbitrary direction. photon of

hoton
hf = E; - E; induces the atom to decay by emitting a photp of energy

on that tra '
the direction of the incident photon. For each incident photon, we wi;eri;\::
two photons going in the same direction giving rise to an e I"
a unidirectional coherent beam. P 1ﬁ§d as well as



SOLUTION OF EXERCISE

20.1. Bohr's theoﬁy of Hydrogen atom is based upon several
assumﬁtwns Do any of these assumptions contradict classical
physics?
Ans: According to first postulate of Bohr's theory, an electron in an orbit around
the nucleus does not radiate energy this postulate contradict classical theory
According to the classical theory an accelerated electron radiates energy As
the motion of electron is circular so the velocity is not uniform, the motion must be
accelerated When an electron is accelerated it radiates energy in the form of
electromagnetic waves.

The electron moves into shorter and short orbit so that it should ultimate fall
iInto the nucleus but it never happens and the atom remains stable.

20.2. What is meant by a line spectrum? Explain, how line spectrum can
be used for the identification of elements? :

Ans: Line spectrum: N\ 20O\
When an atomic gas or vapour,at much, Iéss than atmtjsphernc pressure IS

suitably excited. usually by passing; "-,an ‘,‘electr;c current through it, the emitted

radiation has a spectrum| thC’h conta‘&sfcertam specific wavelengths only
The impression ?n the 'screen is in the form of lines. It is for this reason that
the spectrum.is refe nré& foas line spectrum.

Identification of different elements: |
These regularities were classified into certain groups called the spectral

series
It belongs to an isolated atom. In it each discrete line represents a transition

between two of its energy levels. As the differences between energy levels of the

atom do not resemble with those of the atom of any other element, hence can be

used for identification of elements.

20.3. Can the electron in the ground state of hydrogen absorb a photon
of energy 13.6 eV and greater than 13.6 eV?

Ans: Yes the electron can, in the ground state of hydrogen absorb a photon of

energy 13.6 eV and greater than 13.6 eV. Because 13.6 eV is the minimum energy

required for ionization and any_ extra amount will be converted mto the K.E of the

escaping electron.

20.4. How can the spectrum of hydrogen oontaln so many lines when
hydrogen contains only. one electron?

" Ans: Hydrogen atom cohtams one electron It will emit one spectral line. if it jumps

direct from higher. eqergy state tothe ground state.

The electron doés not necessarily return to the ground state in the single jump but

may return by several jumps. That is why hydrogen spectrum contains many hnes

20.5. Is energy conserved when an atom emits a photon of light?

Ans: Yes energy Is conserved when an atom emits a photon of light. as it emits

the same amount of energy which it had absorbed during excitation which 1s equal

to the energy emitted during its de-excitation.



20.6. Explain why a glowing gas gives only certain’wavelengths of light
and why that gasis capable of absorbing the same wavelengths?
Give reason why it is transparent to the other wavelengths?
Ans: A glowin .,gq,e;;;g:ﬂye‘s?bﬁfy”{;ertam wavélengths of light because it can absorb
or emit 0”’91?}'*??1\0’39 “wavelengths whose corresponding energies match the
differences between any two of its energy levels. A glowing gas s transparent for
the wavelength other than its characteristic wavelength because it will absorb only
those radiations which it can also emit
20.7. What do we mean when we say that the atom is excited?
Ans: When the electron is lifted up to one of its excited states then the atom is
said to excite
It means that one of the electrons of the atom has absorbed required energy
and has been raised to some of the higher energy orbit.
20.8. Can x-rays be reflected, refracted, diffracted and polarized just like
other waves? Explain.
Ans: x-rays can be refiected, refracted, diffracted and polarized just like cther
waves We know that x-rays are extremely high energy. electfomagnetic waves
(which travel in free space with the velocity\of fife]) Heneé,-like all other waves x-
rays have all the wave properties |\ /7{\( () \\ LW = L
sers over ordinary light?

\ \ o~ \

20.9. What the advantagesof |
Ans: Lasers are use
coherent beany \¢h\v: ‘ble ight _
It 1s more intense monochromatic. unidirectional and coherent, whereas.
ordinary ight does nat have such properties Therefore a laser beam s much more
power fuli than an oramnary ight beam Energy of laser can be focused at a point to
aet ~~erqy for welding and surgical purpose while ordinary light cannot do so
20.10.Explain why laser action could not occur without population
inversion between atomic levels?
Ans: Once the pcpulation inversion has been reached, the lasing action of a laser
is simple to achieve. The atoms in the metastable state E, are bombarded by
photons of energy hf = E; - E, resulting in an induced emission, giving an intense.
coherent beam in the direction of the incident photon. Such a beam is called laser
So population inversion between atomic levels i1s necessary for laser
production or actior because without it. ail the input photons would have been
consumed in raising the etectrons from their ground states-to the metastable states
and there would have been no photons®o cause lnduced emission which is the base
of laser actior. O\ o

egfor producing an intense. monochromatic, and unidirectional




SOLUTION OF EXAMPLES _

xample 20.1: _ Find the speed of electron in the first Bohr orbit.
Solution: . N[NV o

n = 1
h = €63x10"Js
e = 16x10°°C
k = 9x 10°Nm"' C?
vy = 7
According to Behr Theary
2Kk e
Vi =
nh

2*3.14x9x10“x(1r;nu"“)‘ _Zadtaxux10¥x256x10 4F

—

Vy =
Ix663=30 Y 66310 14
Vi = 219 x10°ms

201 A hydrpg,eq;a,‘tgm,ls?“i-r"l""i"té ground state (n = 1). Using Bohr's theory,
calculate (3:’)\‘71--i:bh“é~-*radius of the orbit, (b) the linear momentum of the
electron, (c) the angular momentum of the electron (d) the kinetic
energy, (e) the potential energy, and (f) the total energy.

Solution:  Massofelecton = m-= 91x 10" kg
Charge cnproton = e = 16x 10" C
Orpit number = n =1
Plank's Constant = h = 663x 10" Js

K = 9x 10°Nm‘C*
(a) Theradwusof 17crbt =, = ?

(b) Linear momentum of electron = P = 9
(c) Angular momentum of electron = L = ?
(d) Kinetic energy of electron = KE = 2
(e) Potentia! Energy of electron = PE = ?
()  Total Erergy of electron & A3}

(a) The radius of 1" orbit = r SRR

Radius of nth orbit is| || {1 || -

e (1 x6 i 10700 ,
A N S TR T R 0 0529 x10°m
rno= 0529x10 m
(b) Linear momentum of electron = P = ?
Linear momentum in 1° ¢rbit s,
"nh

p. = b

S,




SOLUTION OF EXAMPLES . |

Example 20.1: _ Find the speed of electron in the first Bohr orbit.
Solution: NNV
n = YV
h = 663x10%Js
e = 16x10°°C
k = 9x10°Nm' C~
v, = 7
According to Behr Theary
2R
Ve S TR

1) 48

2x3.18x9% 10" x{ 1 6x 1071%)" 2ad Laxyx 10" X256

‘ ub‘(.\;am 14 6.63x10 14
vi = 219 x10"ms

SOLUTION OF PROBLEMS -

20.1 A hydrogeq@mmfi‘sk in'its ground state (n = 1). Using Bohr's theory,
calculate (a:)’p.:;!ﬁ&éi’fédius of the orbit, (b) the linear momentum of the
electron, (c) the angular momentum of the electron (d) the kinetic
energy, (e) the potential energy, and (f) the total energy.

Solution:  Massofelectron = m-= 91x 10" kg
Chargecnproton = e = 16x 10" C
Orbit number = n =1
Plank's Constant = h = 663 x10™"Js

K = 9x 10°Nm‘C*
(a) Theradwusof 7 croit =1 = ?

(b)  Linear momentum of electron = P = ?
(c) Angular momentum of electron = L = ?
(d) Kinetic energy of electron = KE = ?
(e) Potentia! Energy of electron = PE = 2
(f)  Totai Erergy of electron = & U\

(a) The radius of 1% orbit = |
Radius of ntn orbit (s \\ (
A J‘._.Jﬂ“‘” ’

QNN

n‘h*
e Kined
(1 x6tde10 0

= 00529 x10°m

e = jh(in’. A P R R RS N IR E R R I} e
rn= 0529 x10 m

(b) Linear momentum of electron = P = ?
Linear momentum in 1° ¢rbit s,



-34
P1 - 1x663x10° - 1 99x1az4kgms 7o \c
2%3.14x053%107" [
(c) Angular momentum of electron = \L-s - U
Angular momentumm“ﬁ‘} orblt [A\S)

.Lﬁ - p1x f
L = % quxlnbf“x 65310 = 105 by 10 kg m?s”
(d) Kinetic energy of electron = K.E. = ?

K.E. in 1™ orbit is.

KE = —=
L2n
9x 107> (1 6x 107174 :
KE = 220 X0060x10 1 = 94735x 102
2x00583%x1077 |
217 5% 109
KE =

By T 13.6 eV

(e) Potential Energy of electron = P.E. = ?
P.E.in 1" orbit is,

PE = -Ke*
18 A
~9x10? -19y2 2\ O\
PE = IS0 = —435x 1071802\ [OFF
0.053)2}50 = L) 8 NN 0\ \] [ ="
_ -435x10 B D 754 WA Y )
ol 1.6x10- 120\ \ 3 \\272/6 e
(f) Tetal Energy qf electrqn ‘= E = ?
Total enﬁrg\n N
TE =KE+PE
TE = 136eV +(-272eV) = -136eV

20.2 What are the energies in eV of quanta of wavelength? A= 400, 500

and 700nm.
Solution: A, = 400nm = 400 x 10°m

A, = 500nm’ = 500 x 10° m
As = 700nm = 700 x 10°m

¢ = 30x10¥ms

h = 663x10*Js

E, = ?

E, = 7

E3 = 7

The formulae can be written as. Q]
“ “‘ 1‘ 4

6.63x 10-34;;,3)(‘-. ) ﬁ

Uy

B 4 Jﬂg Po*?
497 X001
& RN 1.6x10-19 = 3.10 eV
hc
Now :, -
‘ ~34 5 ;
E? = 6.63x10 x_33‘10 - 3978 X 10.19J

500107
3.978 x1071?

1.6x10°19

E;'-'

= 249 eV



Also

_ 6.63x10 My 3x 108

m
[
[

SR
20.3 A elec’tron jumps from a level E, =-3.5x10'° J to E; = -1.20x10’ 18 3,
What is the wavelength of the emitted light?

Solution: E = -35x 10"y
Er = -12x10"™J
AE = E - E )
AE = -35x 10" (-12x10") = -35x10"+12x 10"
AE = 85 x 10"
A = 7
Slnce A= .i.i
5 'H P i A
A= 22210 - 10 2 234 x10°m = 234 nm
BSx10°19

20.4 Find the wavelength of the spectral lma correspdndmg to the
transition in hydrogen fromn = 6 state ton= 3\st,atb7
Solution: P =3 \ \ /7 \ L U

RH 1 09?4 K‘ 107m‘ \_\ s AN
n A\ ;j:\\ J‘&-\j‘::\J ' ‘,:?“",‘__J ‘"-. \ )

The general formuta to find wavelength in hydrogen spectrum:
1 1 1
LR (Lot
A = p" n<

= 1097 x 107 (3~ ) = 1.097 x10/(=) = 1.094 x 10°m

| e

A = 1094 nm
20.5 Compute the shortest wavelength radiation in the Balmer series?

What value of n must be used?

Solution: For Balmer series
P = 2
n = o™ (mf:mty only for shortest wavelength)
Ry, = 1.0974x 10’ m
A_m‘_‘ = 7

The general formula to find wavelength m hydregen Specfkum ”

A = = 3645x10° = 364.5nm
1.097Tx3uU”

The value of n:
20.6 Calculate the longest wavelength of radiation for the Paschen

I

0)

8=

-

n:oo

series. |
Solution: For longest wavelength in Paschen series

.



P =3
n = 4
)Lmax = 7 ‘ “ VL

Juia 1o flnd waveiength in hydrogen spectrum

1 1 1
R
7 11N _ ]ﬁx‘)____
1 097X 10 ( 16 ) 1 09?)(10 ( 116) - Tx1097%x107
A=1875x107= 1875x 10 ¥ m = 1875 nm
20.7 Electron in an x-ray tube is accelerated through a potential
difference of 3000 V. If these electrons were slowed down in a target,

what will be the minimum wavelength of X-rays produced?
Solution: V = 3000 volts

Amn = 2
The energy of a photon is gwen by

The genefa fbrm

1

;v

N Avun =

6 63n10 Yt F 1989= 10 “Pxigle

= = 414x10"m

1 ex10 e 3000 43
20.8 The wavelength of K x-ray from copper is 1.377 x 10 m. What is
the energy difference between the two levels from which this transition
results?

Solution: A = 1373x10""m
AE = 7
Since AE = %5
_ 663x107%*x3x10% _ 15
E.-E.= ECe— = 144 x10°J
AE = LMXI0Y _gp7ev = 9 03 x 1000 =-+9 08K
T qex1p°19 <

20.9 A tungsten is struck by electrons, that have been accelerate;. m
rest through 40 kV potential differences. Find the shortest wavelength o.
the Bremsstrahlung radlation eml*ted'?
Solution: L AR MO KV
J,v 'N240 %1000 Volts
e 16 x 10" C
Amm ?

The energy of a photon is-given by
. he
E = ';‘ (1)
The electric patential energy I1s given by .

U = eV (2)

" It

i



By equating above two enerdgies we get.

hc
eV =
Amm
hc
Awun - oV .

N 6 63x 1074 x3x 10" P o\ I\\_,; -
A= e = 310X 1) “-f}:’ﬁﬂrx\\‘o’m =
» x \ Ny

20.10 The orbltal electron pf"‘a hydrog‘en 'atom"-moves with a speed of

5.456 x 10°ms™, 7\ \| \d

(a) Find the\Jvaluen_,of"' the quantum number n associated with this
electron.

(b) Calculate the radius of this orb:t and

(c) The energy of the electron in this orbit?

Solution: V, = 5456 x 10°ms '

Charge of electron = e = 16 x 10'°C

-

?
2

n
ls
Es

nopy n

(a) Find the value of the quantum number n assnciated with this

electron.
\/2locity of electron in nth orbit is,
_ 2nKe?

_ 2x314¢x9x10"(16x10‘”‘; 144161
5 456X 105x6.63X10734 || N 36173)(10”

(b) Calculate g radius of this orbit,
' Radsu§ Bf Ath orbit is.

nn?
fg = =—um———s
4iKelm
(= (4)4x(6.63x10734)2 _ 703 296x10° 68
t 4x (3 142)¢x9Ix109%(16Xx10719)¢xg 11x 10" 31 - 8264 309x 1%V
r« = 0846 x 10" =0.846 nm

(c) The energy of the electron in this orbit.

1 [/2n’me? ;
Since E, = —*(-—-—) = -5
nék4me*

Eo = — = constan* 136eV




