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KEY CONCEPT

PHOTO ELECTRIC EFFECT

PHOTOELECTRIC EFFECT
It was discovered by Hertz in 1887. He found that when the negative plate of an electric discharge
tube was illuminated with ultraviolet light, the electric discharge took place more readily. Further
experiments carried out by Hallwachs confirmed that certain negatively charged particlesare emitted,
whenaZn plateisilluminated with ultraviolet light. These particleswereidentified as electrons.
The phenomenon of emission of electrons from the surface of certain substances, when suitable
radiations of certain frequency or wavelength areincident upon it iscalled photoelectric effect.

EXPLANATION OF PHOTOELECTRIC EFFECT

. On the basis of wave theory :According to wave theory, light is an electromagnetic radiation
consisting of oscillating electric field vectors and magnetic field vectors. When electromagnetic
radiationsareincident on ameta surface, the free electrons|[free electrons meanstheelectronswhich
areloosdly bound and freeto moveinside the metal] absorb energy from theradiation. Thisoccurs by
the oscillations of electron under theaction of electricfield vector of electromagnetic radiation. When
an electron acquires sufficiently high energy so that it can overcomeitsbinding energy, it comes out
fromthemetd.

. On the basis of photon theory: According to photon theory of light, light consists of particles
(called photons). Each particle carries a certain amount of energy with it. This energy is given by
E=hv, where h isthe Plank's constant and v is the frequency. When the photons are incident on a
metal surface, they collide with electrons. In some of the collisions, a photon is absorbed by an
electron. Thus an electron gets energy hv. If this energy is greater than the binding energy of the
electron, it comesout of the metal surface. The extraenergy given to the e ectron becomesitskinetic

energy.
EXPERIMENTS uItraonet rays
. Hertz Experiment
Hertz observed that when ultraviolet raysareincident on cathode anode
. . . . Evacuated quartz tube
negative plate of electric discharge tubethen conduction

takes place easily in the tube.

. Hallwach experiment : Hallwach observed that if negatively charged Zn pI ate isilluminated by
U.V. light, its negative charge decreasesand it becomes neutral and after sometimeit gainspositive
charge. It meansin the effect of light, some negativecharged particles are emitted from the metal.

. Lenard Explanation : He told that when ultraviolet rays are incident on cathode, electrons are
gected. These electrons are attracted by anode and circuit is completed dueto flow of electronsand
current flows. When U.V. raysincident on anode, electrons are gjected but current does not flow.
For the photo electric effect the light of short wavelength (or high frequency) is more effective than
thelight of long wavelength (or low frequency)
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Experimental study of photoelectric Effect : When light of frequency v and intensity | fallsonthe
cathode, electrons are emitted from it. Theelectrons are collected by the anode and acurrent flowsin
thecircuit. Thiscurrent is cdled photoe ectric current. Thisexperiment isused to study the variation
of photoelectric current with different factorslike intensity, frequency and the potential difference
between the anode and cathode.

Light of intensity | and frequency v

Photoelectrons

Cathode o é_. Anode
(Photosensitive metal) g:: o~

A i (Photoelectric current)

=

(Cma
)
S

Potential Divider
|jAH:]*I*HI—

Variation of photoelectriccurrent with potential difference ™ |--..

With thehelp of the above experimental setup, agraph is obtained between /

current and potential difference. Thepotentia differenceisvaried with the /

help of apotential divider. The graph obtained isshown below. v

Themain pointsof observation are: Vs Ol Anode Potential

(a) At zero anode potential, a current exists. It means that electrons are emitted from cathode with
somekinetic energy.

(b) Asanodepotential isincreased, current increases. Thisimpliesthat different electrons are emitted
with different kinetic energies.

(c) After acertain anode potential, current acquiresaconstant val ue call ed saturation current. Current
acquiresasaturation val ue because the number of e ectronsemitted? per second from the cathode
arefixed.

(d) At acertain negative potential, the photoelectric current becomes zero. Thisis called stopping
potential (V). Stopping potential isameasure of maximum kinetic energy of the emitted el ectrons.
Let KE__ bethe maximum kinetic energy of an emitted electron, thenKE__ =€V .

Variation of current with intensity

The photod ectric current isfound to bedirectly proportional to intensity of incident radiation.

<
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Intensity
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(i) Effect of intendty on saturation current and stopping potential 4!
(a) Saturation current increases with increasein intensity. (I,>1)
(b) Stopping potential (and therefore maximum kinetic energy) is
independent of intensity. / R
-V, Anode Potential V
(iv) Effect of frequency

(a) Stopping potential isfound to vary with frequency of incident light V, (stopping potential)
linearly. Greater thefrequency of incident light, greater the stopping 1
potential.

(b) There exists a certain minimum frequency v, below which no
stopping potential isrequired asno emission of electronstakesplace.
This frequency is called threshold frequency. For photoelectric
emissionto take place, v > v,

Vo v (freq'uency)

IMPORTANT POINTS

@)

(ii)
(iii)

Photo electric effect is an instantaneous process, as soon as light is incident on the metal, photo
electronsare emitted.

Stopping potential does not depend on the distance between cathode and anode.

Thework function represented the energy needed to remove theleast tightly bounded el ectronsfrom
the surface. It dependsonly on nature of the metal and independent of any other factors.

Failureof wavetheory of light

According to wave theory when light incident on a surface, energy isdistributed continuously over
the surface. Sothat el ectron hasto wait to gain sufficient energy to come out. But in experiment there
isno timelag. Emission of electrons takes place in less than 10-° s. This means, electron does not
absorb energy. They get all the energy once.

When intensity isincreased, more energetic el ectrons should be emitted. So that stopping potential
should beintensity dependent. But it is not observed.

According towavetheory, if intensity issufficient then, at each frequency, electron emissonispossble.
It means there should not be existence of threshold frequency.

Eingein'sExplanation of Photoel ectric Effect

Einstein explained photoe ectric effect onthe basis of photon—electron interaction. Theenergy transfer
takes place due to collisions between an electrons and a photon. The electrons within the target
material areheld there by electricforce. The electron needsa certain minimum energy to escgpefrom
this pull. Thisminimum energy isthe property of target material and it is called the work function.
When aphoton of energy E=hv collideswith and transfersits energy to an electron, and thisenergy
isgreater than the work function, the el ectron can escape through the surface.

Eingein'sPhotoelectric Equation hv=¢+KE,__

Here hv isthe energy transferred to the electron. Out of this, ¢ isthe RV
energy needed to escape.
Theremaining energy appears as kinetic energy of the electron. slope =§
Now KE __ =€V (whereV  isstopping potential)
h
~hv=¢+eV = V = (EJV—E

e
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Thus, the stopping potential varieslinearly with the frequency of incident radiation.

Slope of thegraph obtained is g . Thisgraph helpsin determination of Planck's constant.

IMPORTANT POINTS

Ex.

Sol.

Ex.

Sol.

Ex.

Einstein's Photo Electric equation is based on conservation of energy.

Einstein explained P.E.E. on the basis of quantum theory, for which he was awvarded noble prize.
According to Einstein one photon can gect one e only. But here the energy of incident photon
should greater or equal to work function.

In photoel ectric effect al photoel ectrons do not have same kinetic energy. Their KE rangefrom zero
tok,__ which depends on frequency of incident radiation and nature of cathode.

The photo electric effect takes place only when photons strike bound electrons because for free
el ectrons energy and momentum conservations do not hold together.

Cdculatethe possiblevel ocity of aphotod ectronif thework function of thetarget materia is1.24 eV
and wavelength of light is4.36 x 10~ m. What retarding potential is necessary to stop theemission of
electrons?

ASKEmax = hV—d) = %mviwax =hv_¢=%_¢

4.36x1077
9.11x107%

\Y; =7.523x10°m/s

max

-34 8
2[%—] J2(6'63X10 x3x10 —l.24><l.6><1019)

m
. The speed of aphotoelectron can be any value between 0 and 7.43 x 10° m/s

2

. . : 1
If V, isthe stopping potentia, then eV = S MV

_1mv? hc ¢ _ 12400

= Vo= o e Ten e 4360

—124=1.60V { % =12400 x10°V - m}

The surface of ametal of work function ¢ is illuminated by light whose eectric field component
varieswithtimeasE = E [ 1+ cos wt] sinm,t. Find the maximum kinetic energy of photoelectrons
emitted fromthe surface.

Thegiven electric field component is E=E sin ot + E, sinmt cosot = E sinmt + 7°[S|n (0, + )

t+ sin(o—m)t]
. Thegiven light comprisesthree different frequenciesviz. o, o, + o, ®,—®
The maximum kinetic energy will be due to most energetic photon.

(0+0,)

_ _h ey — -0
- KE_, =hv-¢= > —b (.w—vaorv an
When light of wavelength A isincident on ametal surface, stopping potential isfound to be x. When
light of wavelength nA isincident on the samemetal surface, stopping potential isfound to be ﬁ :

Find the threshold wavel ength of the metal.
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hc
Ao

Sol.  Let), isthethreshold wavelength. The work functionis ¢ =

Now, by photodectric equation ex = = - (i) =X =he _he (ii)
, by p eq =% 0 S T T

From (i) and (i) "°- "¢ —(n+ 1) _(nyq)PC S mhe RSy~
A A ni Ao Ao  NA

PHOTON THEORY OF LIGHT

. A photon isaparticle of light moving with speed 299792458 m/sin vacuum.

. The speed of aphoton isindependent of frame of reference. Thisisthe basic postulate of theory of
relativity.

. Therest mass of aphotoniszero. i.e. photonsdo not exist at rest.

. Effective mass of photon m = EZ =¥ =N jemal
c c°A  CA A

So mass of violet light photon is greater than the mass of red light photon. (- A, >2,)
. According to Planck the energy of aphoton isdirectly proportional to the frequency of the radiation.

Eoxv or E=hv
hc hc 12400
E=—j - Cc= = — = — —
- joule (--c=va)or E=-7 &V A

{ e _12400(A- eV)}
e

Here E = energy of photon, ¢ = speed of light, h = Planck's constant, e = charge of electron
h=6.62x 103 J-s, v =freguency of photon, A = wavelength of photon

. Linear momentum of photon p= E_hv_h

c ¢ X

. A photon can collide with material particleslike electron. During these collisons, thetotal energy and
total momentum remain constant.
. Energy of light passing through per unit area per unit timeisknown asintensity of light.

E P

Intensity of light le:K (1)

Here P = power of source, A =Area, t=timetaken

E =energy incidentint time= Nhv, N = number of photonincidentinttime
: _ N(hv) _ n(hv) .

Intensity | = N - A (i)

{ n =% = no. of photon per sec}

n(hv) _P _Pr_ 4 11 el
A :n—hv—hc—leoz\Tm x Px A

From equation (i) and (ii), % 2
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Ex.

Sol.

When photonsfall on asurface, they exert aforce and pressure on the surface. Thispressureiscalled
radiation pressure.

Forceexerted on perfectly reflecting surface

Let 'N' photons are there intimet,

. Nh . [
Momentum before striking the surface (p,) = == '”C'deh”t photon
p= 7 VMV
Momentum after striking the surface (p,) = —NTh
h
P =5 NV
Change in momentum of photons =p,—p, = ixNh reflected photon | |
. 2Nh
But change in momentum of surface= Ap = -
2Nh 2h
So that force on surface F = —— = { } but n= 2%
th hc
P
F=2h « P2 _ 2P and Pressure=F -2P _2! { ' =—}
L hc ¢ A cA ¢ A

Force exerted on perfectly absor bing surface

M -0 Nh h incident photon
Pi—P _ A — h
F= = =— =N— = = VAN
t t 0 A P=2
p P no reflected
=0
F=— ( n= ) and Pressure= — - P _1 photon p,
c hc A Ac ¢ -

When abeam of light isincident at angle® on perfectly reflector surface

2P
F=-cos6= n{zﬂ cos 0 = 2IA:::059

@ d
F  2lcos?0 &%
Pressure= —= €S
e A c A\

Theintensity of sunlight on the surface of earth is 1400 W/m?. Assuming the mean wave ength of

sunlight to be 6000 A, cal culate:—

(@ Thephoton flux arriving at 1 m? areaon earth perpendicular to light radiations and

(b) The number of photons emitted from the sun per second (Assuming the average radius of
Earth's orbit to be 1.49 x 10 m)

(& Energy of aphoton E = —C 12490

19
5000 =2.06evV =33x10"J

1A 1400 x 1
Photon flux = — = .

E 33,10 - +22x10% photons/sec.

. P IA _ 1y
(b) Number of photons emitted per secondn= == = 1400 2“31(1 ; 9x107)

=118 x10%
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EX. Inaphotoelectric setup, apoint source of light of power 3.2 x 10 W emits monochromatic photons
of energy 5.0 eV. The source islocated at a distance 0.8 m from the centre of a stationary metallic
sphere of work function 3.0 eV and radius 8 x 10 m. The efficiency of photoelectron emissionis
onefor every 10° incident photons. Assuming that the sphereisisolated and initially neutral and that
photod ectronsare ingantly swept away after emission, Find (i) the number of photoelectronsemitted
per second. (ii) thetimet after light sourceisswitched on, at which photoel ectron emission stops.

Sol. Energy of asingle photon E=5.0 eV =8 x 107%°J
Power of sourceP=3.2 x 102 W

P 3.2x10°

.. number of photons emitted per second n = E Br10" - 4% 10%/s
.. . n
The number of photons incident per second on metal surfaceisn, = -z nr?
4x10" a2 "
n,= - x1(8x107) =1.0x10" photon/s
47(0.8) ‘
" Sozurce R=0.8m ®
1.0x10 F~r=0.8x10"m

Number of electrons emitted = ot - 10°/s

KE _ =hv—$=50-3.0=20eV
The photoel ectron emission stops, when the metallic sphere acquires stopping potential.

AsKE,__ =2.0eV = Stopping potential V =2V = 2= = q=1.78x10"C

4ne,r

1.78x107*2

10° x1.6x10%° 1is

Now charge g = (number of electrons/second) x tx e=t =

PHOTO CELL
A photo cell isapractical application of the phenomenon of photo electric effect, with the help of
photo cell light energy is converted into electrical energy.

. Construction : A photo cell consists of an evacuated sealed glass tube containing anode and a
concave cathode of suitable emitting material such as Cesum (Cs).

. Working: When light of frequency greater than the threshold frequency D oy
of cathode material falls on the cathode, photoel ectrons emitted are @anode
collected by the anode and an electric current starts flowing in the
external circuit. The current increase with theincreasein theintensity ight
of light. The current would stop, if the light doesnot fall on the cathode. \

. Application
(i) Intelevision camera.

(i) Inautomatic door
(ili) Burglar'sdarm
(iv) Automatic switching of street light and traffic signals.

glass tube

cathode

p key
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MATTER WAVES THEORY

DUAL NATURE OF LIGHT
Experimenta phenomenaof light reflection, refraction, interference, diffraction areexplained only
on the basis of wavetheory of light. These phenomenaverify the wave nature of light. Experimental
phenomenaof light photoel ectri ¢ effect and Crompton effect, pair productionand positron inhaationa
can beexplained only onthe bas sof the particle nature of light. These phenomenaverify the particle
nature of light.
Itisinferredthat light doesnot have any definite nature, rather its nature dependson its experimental
phenomenon. Thisisknown asthe dual nature of light. Thewave nature and particle nature both can
not be possible simultaneously.

De-BroglieHYPOTHESIS
DeBroglieimagined that aslight possessboth wave and particle nature, similarly matter must also
posses both nature, particle as well as wave. De Broglie imagined that despite particle nature of
matter, waves must a so be associated with material particles. Wave associ ated with material particles,
aredefined as matter waves.

. DeBrogliewavelength associated with moving particles
If aparticle of massm moving with velocity v

2

Kinetic energy of the particle E = %mvz =2p—m momentum of particle p=mv = /2mge the wave
. . . . h h h 1 1 1
length associated with the particlesis L = —=—= hoc— = hoc— = hoc—=
J P p mv 2mE p v JE

The order of magnitude of wave lengths associated with macroscopic particlesis 1024 A.

The smallest wavelength whose measurement is possible isthat of y —rays (A = 10° A). Thisisthe

reason why the wave nature of macroscopic particlesisnot observable.

The wavelength of matter waves associated with the microscopic particles like electron, proton,

neutron, o, — particle, atom, molecule etc. is of the order of 107 m, it isequal to the wavelength of

X—ays, whichiswithinthelimit of measurement. Hencethewave nature of theseparticlesisobservable.
. DeBroglie wavelength associated with the charged particles

L et acharged particle having charge g is accel erated by potential differenceV.

Kinetic energy of thisparticle E = %mvz =qv  Momentum of particle p = mv =v2mE =,/2mqVv

h_ h h

P 2mE 2mqVv
. For an Electron m_=9.1x 10%kg,q=1.6x 10" C, h=6.62 x 10* J-s

The De Broglie wavelength associated with charged particle i =

6.62x107%
J2%x9.1x10% x1.6x10°V

DeBroglie wavelength associated with electron j, =

N
~

~12.27x107*° 12,

A meter =
Jv

S
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Potentia differencerequired to stop an electron of wavelength A isV = 1"10'6 volt (A)?

2

. For Proton m =167 x 10%kg
De Broglie wavelength associated with proton

34 0.286x107%° 0.286
) = 6.62x10 = x meter — A

P J2x1.67x10 7 x1.6x10 2V 7 WV W

. For Deuteron m,=2x 1.67 x 10*kg, q,=1.6x 10°C

_ 6.62x10 % _ 0202 ¢
A= = A
J2x2x1.67x107x1.6x107°v  JV

. For o Particlesq =2x1.6x10C, m_=4x 167 x 10 kg

6.62x107% 0.101 o
LA = = A
o [2x4x1.67x10% x2x1.6x10°V Jv

DE BROGLIE WAVELENGTH ASSOCIATED WITH UNCHARGED PARTICLES

2
«  Kineticenergy of uncharged particle E =%mv2 =;—m

m = mass of particle, v =velocity of particle, p=momentum of particle.

. Velocity of uncharged particle v = 2E

m
. Momentum of particlep = my =/2mEe

h__h
mv 2mE

wavelength associated with the particle & =

Tz

hZ hZ
2 2 eV
2ma 2mr© x1.6x10

Kinetic energy of theparticlein termsof itswavelength E=

For aneutronm =1.67 x 10 kg

6.62x10° : 10 o
- x _0.286x10° o jov - 0:2862

J2x1.67x107% xE JE JE

EXPLANATION OF BOHR QUANTIZATION CONDITION
According to De Broglie electron revolves round the nucleusin the form of
stationary waves (i. e. wave packet) in the similar fashion as stationary waves
in a vibrating string. Electron can stay in those circular orbits whose 6th Bohr orbit (
circumferenceisan integral multiple of De-Broglie wavelength associated
with the electron, 2nr = nA

h nh
wA=— and 2rnr=ni.. mvr=—
mv 27n

Thisisthe Bohr quantizations condition.

equivalent straightened orbit
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Find theinitial momentum of el ectronif the momentum of electronischanged by p, andtheDeBroglie
wavel ength associated with it changes by 0.50 %

. . 05 1
o 10005 — A _9>_ 1 -
n = 5 ~100 200 AW AP=P,
_h Lo dp_h_h 1 p  ldp]_dh  p, 1 _
. p—k,dlfferentlatlng ST ETT XL = o % " p 200 = p=200p_

An a—particle movesin circular path of radius 0.83 cm in the presence of amagnetic field of 0.25
Wh/m?. Find the De Broglie wavel ength associated with the particle.
h_ h 6.62x107*

A=—= = meter = 0.01 A {.mvz —qu}
" p gBr  2x1.6x10'°x0.25x83x10* e r

A proton and an a—particle are accel erated through same potential difference. Find theratio of their
de- Broglie wavelength.

h h
v \2mE  \2mqV [ E=qV] For protonm,=m, q=¢
F ticem =4m, q=2 R e
or o—particlem_=4m, q = 2e, A, \maa, 242

A particle of mass misconfined to anarrow tube of length L.

(a) Find the wavelengths of the de-Broglie wave which will resonate in the tube.
(b) Calculate the corresponding particle momenta, and

(c) Calculatethe corresponding energies.

(a) The de-Broglie waves will resonate with anode at each end of the tube.

1& ]
1€ 1

L=r/2

. 2L
Few of the possible resonance formsare asfollows: %, = n=12.3.....

(b) n<_ A XA >N Sincede-Brogliewavelengthsare ), - n

L=20./2) Pn
N N
_ 000 N
p="n_nh 455 N
A, 2L L=3(./2)
pZ n2h2

(c) Thekinetic energy of the particlesare K = ,n=123,...

2m  8L°m
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ATOMIC STRUCTURE

VARIOUS MODELS FOR STRUCTURE OF ATOM

Dalton's Theory

Every material iscomposed of minute particlesknown asatom. Atomisindivisiblei.e. it cannot be
subdivided. It can neither be created nor be destroyed.

All atomsof sameelement areidentical physically aswell aschemically, whereasatomsof different
elementsaredifferent in properties.

Theatoms of different elementsare made up of hydrogen atoms. (Theradius of the heaviest atomis
about 10 timesthat of hydrogen atom and its massis about 250 timesthat of hydrogen).
Theatomisstableand electrically neutral.

Thomson'sAtom Model

The atom asawholeiselectrically neutral because the positive charge
present onthe atom (sphere) isequal to the negative charge of electrons
present in the sphere.

Atom isapositively charged sphereof radius 10-° min which electrons
are embedded in between.

The positive charge and the wholemass of the atom isuniformly distributed throughout the sphere.
Shortcomings of Thomson'smodel

(i) The spectrum of atoms cannot be explained with the help of thismodel

(i) Scattering of a—particles cannot be explained with the help of this model

_electron

positively
" charged
matter

. . 8n?k2z%* Z°’m
(iif)Angular frequency of electronin n® orbit m_= nns—hsem = 0 3

RUTHERFORD ATOM MODEL

Rutherford experimentson scattering of a —particlesby thin gold foil

Theexperimenta arrangement isshown infigure. o—particlesare emitted by someradioactive materia
(polonium), kept insideathick lead box. A very fine beam of a—particlespassesthrough asmal hole
inthelead screen. Thiswell collimated beamisthen allowed to fall on athin gold foil. While passing
through the gold foil, a—particles are scattered through different angles. A zinc sulphide screen was
placed out the other side of the gold foil. This screen wasmovable, so asto receive the a—particles,
scattered from thegold fail at anglesvarying from 0 to 180°. When an a—particle strikesthe screen, it
produces aflash of light and it is observed by the microscope. It wasfound that :

vacuum nS

lead . oscreen %
lead box screen 90,'9 foil ™ /O’O
u 10'm., % 40
% t N(0) oc cosec 5
beam of =
. L, U a-particle 0 . MOSt -pass 4
source of through
o-particle
about 1 in 8000 is some are deviated 90° 180°

repelled back through large angle 6 60—
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Most of the o — particles went straight through the gold foil and produced flashes on the screen asif
there were nothing insde gold foil. Thusthe atom ishollow.
Few particlescollided with the atomsof thefoil which have scattered or deflected through considerable
large angles. Few particles even turned back towards sourceitself.
Theentire positive charge and almost wholemassof the atomis concentrated in small centrecalled a
nucleus.
The electrons could not deflected the path of ao —particlesi.e. electronsare very light.
Electronsrevolveround the nucleusin circular orbits. So, Rutherford 1911, proposed a new type of
model of theatom. A ccording to thismodel, the positive chargeof the atom, instead of being uniformly
distributed throughout a sphere of atomic dimension is concentrated in avery small volume (Less
than 10-misdiameter) at it centre. Thiscentral core, now called nucleus, issurrounded by clouds of
electron makes.
Theentireatom electrically neutral. According to Rutherford scattering formula, the number of oo —
particle scattered at an angle 6 by atarget are given by

N = N, nt(2Ze?)? 1

® 16(4ne, ) r*(mvi)®  sin*$

Where N, = number of o — particlesthat strike the unit areaof the scatter

n =  Number of target atom per m?

t =  Thicknessof target

Ze =  Chargeon thetarget nucleus

2e =  Chargeona —particle

r =  Distanceof the screen from target

v =  Velocity of a.—particlesat nearer distance of approach the size of anucleusor the

0
distance of nearer approach isgiven by.

it m »

YYYVY YV VL VL/
>
>

s

Y

= %

(=] v

'

'

:

H

i

:

/

J

J

/

oc._’_._-particle:'/ énucleus“i
1 A = ¢ i
XU S\
b S (+-target
T A nucewss N
area=rb®> T
. 1 5 (2Ze)? 1 (2Ze)? ]
° 4ne, {1 2} “4ne, E, WhereE =K.E. of a—particle
2 0

Bohr's Atomic M odel

In 1913 NeilsBohr, aDanish Physicist, introduced arevol utionary concept i.e., the quantum concept
to explain the stability of an atom. He made asimple but bold statement that "The old classical laws
which are applicableto bigger bodies cannot be directly applied to the sub—atomic particles such as
electronsor protons.
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Bohr incor porated the following new ideas now regar ded as postulates of Bohr'stheory.
1. Thecentripetal force required for an encircling electron is provided by the electrostatic attraction
(ze)e mv?
4ng, r? T (1)
&, =Absolute permittivity of free space = 8.85 x 10 C> N m?
m = Mass of electron
v =Veocity (linear) of electron
r = Radius of the orbit in which electronisrevolving.
Z = Atomic number of hydrogen like atom.
2. Electronscanrevolveonly inthoseorbitsin which angular momentum of electron about nucleusisan

between the nucleus and the electroni.e.

Nucleus

. . h . _nh .
integral multiple of 5 18, mvr= (i)

n = Principal quantum number of the orbit in which electronisrevolving.

3. Electronsinanatom canrevolveonly indiscretecircular orbitscalled stationary energy levels(shells).
An electron in a shell is characterised by a definite energy, angular momentum and orbit number.
Whilein any of these orbits, an electron does not radiate energy athough it isaccelerated.

4.  Electronsinouter orbits have greater energy than thoseininner orbits.

The orbiting electron emits energy when it jumpsfrom an outer orbit g, ...........
(higher energy states) to aninner orbit (lower energy states) andalso ~ Ev
absorbs energy when it jumpsfrom aninner orbit to an outer orbit. E_
-E = hvn’m
where, E_ = Outer energy state
E = Inner energy state
v = Frequency of radiation
5. The ehergy absorbed or released isawaysin the form of electromagnetic radiations.
MATHEMATICAL ANALYSIS OF BOHR'S THEORY

Nucleus

(Ze)e  mv? nh ..
2 T andmvr—z...(n)

1
From above equation (i) and (ii) i.e., -

We get thefollowing results.
1. Vdocity of electron in nth orbit : By putting the value of mvr in equation (i) from (ii) we get

2
iZezz(ﬂjxv :>v=E € :Ev0 (iii)
Ame, 2n n|2eg, n -
Cc

1.6x10%Y
(16x10) - =2189x10°ms?= —— =2.2x10°m/s
2x8.85x107™2 x6.625x 10" 137

Where, Vv, =

where ¢ = 3 x 108 m/s = speed of light in vacuum
2. Radiusof thenth orbit :
From equation (iii), putting the value of v in equation (ii), we get

(z € ) nh n’| gh?
m| = r=—=1r=—|—
LHXZSOhJ 21t:> Z|mn
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8.85x 1072 x (6.625 10*3“)2

wherer, = >=0.529x10"°m ~ 0.53A

3.14%x9.11x10°% x (1.6 x 10*19)

3. Total energy of electron in nth orbit :

From equation (i) K.E. = L mvz= ze and PE = iM:—ZK-E- . |PE|=2KE
« T2 T 8mg,r " 4ng, r - -
-Ze?
Total energy of thesystem E=KE + PE=-2KE+KE=-KE = g~
0

2 ( 4 \ 2
By putting the value of r from the equation (iv), weget E = % L—%} :%- Eo...(V)

~(9.11x10°)(1.6 x 10*19)4
8 (8.85x 10*12)2 x(6.625 x 10*34)2

where E, = =-13.6eV

4. Timeperiod of revolution of electronin nthorbit: T= 2nr

- . n (4&h) n?
Byputtlngthevaluesofrandv,from(lu)and(lv)T:?XL =—7T

me“)?o

4x(8.85x 10*12)2 x (6.625 x 10*34)3
=1.51 x 107 second

where, T,= )
9.11x10° x (1.6 x 10*19)

5.  Frequency of revolutionin nth orbit :

1 72 met 7 here £ 9.11x10™ x (1.6 x10%°)'
o X =" —
T n3 483h3 n3 o W ae, 0

f= 7 =6.6x10"°Hz

4x(8.85x1072)" (6.625 x10*)

6. Wavelength of photon

me* |1 1 1 1 h 1 a1 1
AE=E_-E_ = = = |22=136|—-— |72 _he 1 ___me |11 1

2 2
nl n2

=R, {L - i} Z? where, v iscalled wave number. R, = R,, = Rydberg constant

9.11x10°%" x (1.6 x 10*19)4

. - = 1.097 x 10’ m™* = 1.097 x 102 A (for stationary
8 x (8.85 x 10*12) (6.625 x 10*34) x 3 x10°

nucleus).
If nucleusisnot stationary (i.e., mass of nucleus is not much greater than the mass of the revolving

o R . .
particle like electron), then R = m where, m = mass of revolving particleand M = mass of

nucleus
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SPECTRAL SERIES OF HYDROGEN ATOM
It hasbeen shown that theenergy of the outer orbit isgreater than the energy of theinner ones. When
the Hydrogen atom is subjected to externa energy, the electronjumpsfrom lower energy statei.e. the
hydrogen atom isexcited. The excited state isunstable hencethe dectron return to itsground statein
about 108 sec. The excessof energy isnow radiated inthe form of radiationsof different wavelength.
The different wavelength constitute spectral series. Which are characteristic of atom emitting, then
the wave length of different members of series can be found from the following relations

_ 1 1 1

e

Thisrelation explainsthe compl ete spectrum of hydrogen. A detailed account of theimportant radiations
arelisted below.

. Lyman Series: The series consist of wavelength which are emitted when electron jumps from an
outer orbitsto thefirst orbit i. e., the electronic jumpsto K orbit giveriseto lyman series. Heren, =
1&n,=23,4, ... 0
Thewavelengths of different membersof Lyman seriesare:

. First member : Inthiscasen, =1andn,=2

—= = = A=————— = Om=
hencex R 7 = h=ae 371097 10° = 1216x10m 1216A

1 1 1] 3R 4 4
v 2] 4

e Second member : Inthiscasen =1andn,=3hence

1 1 1 9 9

= {—;—J—ﬁ = h=—o = h=———— = 1026 x 10° m=1026A
A 1° 3 9 8R 8x10.97x10°

Similarly the wavelength of the other memberscan be calcul ated.
. Limiting members: Inthiscasen, = 1 andn,= o, hence

l:r{iz_iz}:re === a-— L _=912x10%m = 912A
A 1° o R 10.97 x10°

This seriesliesinultraviolet region.

. Balmer Series : Thisseriesisconsst of al wavelengthswhich are emitted when an e ectron jumps
from an outer orbit to the second orbit i. e., the electron jumpsto L orbit giveriseto Balmer series.
Heren =2andn,=3,4,5........ o The wavelength of different members of Balmer series.

. First member : Inthiscasen, =2 and n, = 3, hence

1 1 36 2 36

= {—2——2}% p=38 3% —6563 x 10%m = 6563A
A 2° 3 36 5R 5x10.97x10

. Second member : Inthiscasen, =2 and n, = 4, hence.

1:'{%—%}% =20 o 16 -4861 x 10°m = 4861A
2> 4 16 3R 3x10.97x10°

T . : _ _ 1 1 1] R 4 _
. Limiting members: Inthiscasen, =2andn, =, hencex=R{2—2——}=Z = x:E = 3646A

o0

Thisseriesliesinvisible and near ultravoilet region.
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Paschen Series: Thisseriesconsst of al wavelength are emitted when an el ectron jumpsfrom an outer
orbittothethird orbit i. e., theelectron jumpsto M orhit giveriseto paschen series. Heren =3 & n,=4,

5,6.......0. Thedifferent wave engthsof this seriescan be obtained from theformula % =R {% - niz}

wheren,=4,5,6........ o0

For thefirst member, thewavelengthsis 18750A. Thisseriesliesininfra—red region.

Brackett Series: Thisseriesisconsist of all wavelengths which are emitted when an electron jumps
from anouter orbitsto thefourth orbiti. e., the electron jumpsto N orbit giveriseto Brackett series.
Heren,=4& n,=5,6,7, ...... 00,

Thedifferent wavelengths of this seriescan be obtained from theformula % =R {% —%}
wheren,=5,6,7.......... o0

Thisseriesliesininfra—red region of spectrum.

Pfund series : Theseriesconsist of all wavelengthswhich are emitted when an electron jumpsfrom
anouter orbittothefifth orhiti. e., the electron jumpsto O orbit giveright to Pfund series. Heren, =
5andn,=6,7,8........ 0.

Thedifferent wavelengths of this series can be obtained from the formula % =R {5% —n—lz}
2
wheren,=6,7,8....... 00
Thisseriesliesininfra—red region of spectrum.
Theresult aretabulated below
S. No. Series Valueof n, Valueof n, Position in the
Observed Spectrum
1 Lyman Series 1 2,34...0 UltraVoilet
2. Bamer Series 2 3,4,5...0 Vigble
3. Paschen Series 3 4,5,6....00 Infra—red
4, Brackett Series 4 5,6,7....0 Infra—red
5. Pfund Series 5 6,7,8....0 Infra—red
| Continuum |
5‘“exc?ted state n = 6 ¢ Srord Series -0.38 eV
4"excited state N =5 -0.54 eV
Brackett Series
3"excited state n = 4 yv -0.85 eV
Paschen Series
2"excited state n =3 AAAZ -1.5eV
Balmer Series
1" excited state n = 2 -3.40 eV
Lyman Series
Ground state = 1 _13.6 eV

EXCITATION AND IONISATION OF ATOMS
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Congder thecase of smplegt atomi. e., hydrogen aom, thishasoneéectronintheinnermog orbiti.e., (n
=1) andissaidto beintheunexcited or normd state. If by somemeans, sufficient energy issuppliedtothe
electron. It movesto higher energy states. When the atom isin astate of ahigh energy itissaid to be
excited. Theprocess of raisgng or transferring the electron fromlower energy sateiscalled excitation.
When by the process of exditation, the electron iscompl etely removed from theatom. Theatomissaid to
beionized. Now the atom hasleft with a positive charge. Thusthe processof raising the atom from the
normal stateto theionized stateiscalled ionisation. The process of excitation and ionisation both are
absorption phenomena. Theexcited Sateisnot stationary sateand lastsin avery short interva of time
(108 sec) becausethe e ectron under theattractiveforce of thenucl eusjumpsto thelower permitted orbit.
Thisisaccompanied by theemission of radiation according to BOHR'Sfrequency condition.

@ photon of PRty photon of

' \/\/\N\/\ wavelength & ,4 ./V\xvvv wavelength
@ i SRS i

_Ze Ze

spectrum e g spectrum

origin of emission spectra origin of absorption spectra

The energy necessary to excite an atom can be supplied in anumber of ways. The most commonly
kinetic energy (Wholly or partly) of the electronsistransferred to the atom. The atomisnow in a
excited state. The minimum potential V required to accelerate the bombarding electrons to cause
excitation from the ground stateis called the resonance potential. The various valuesof potential to
cause excitation of higher state cdled excitation potential. The potential necessary to accelerate the
bombarding electronsto causeionisation iscalled theionization potential. Theterm critical potential

is used to include the resonance, excitation and ionisation potential. We have seen that the energy
required to excitethe electron from first to second sateis13.6 —3.4=10.2 eV. fromfirst to third state
is 13.6—-1.5=12.1¢€V., and so on. The energy required to ionise hydrogen atomis 0—(—13.6) =

13.6 eV. Henceionization potential of hydrogen atom is13.6 volt.

SUCCESSES AND LIMITATIONS
Bohr showed that Planck's quantum ideaswere anecessary element of the atomic theory. Heintroduced
the idea of quantized energy levels and explained the emission or absorption of radiations asbeing
due to the trangition of an electron from one level to another. As a model for even multielectron
atoms, the Bohr pictureisstill useful. It leadsto agood, simple, rational ordering of the electronsin
larger atoms and quantitatively helpsto predict agreater deal about chemical behavior and spectral
detail.

Bohr'stheory isunableto explain thefollowing facts:

. The spectral linesof hydrogen atom are not single linesbut each oneisacollection of several closely
spaced lines.

. The structure of multielectron atomsisnot explained.

. No explanation for using the principlesof quantization of angular momentum.

. No explanation for Zeeman effect. If asubstance which givesaline emission spectrumisplacedina
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Ex.

Sol.

Ex.

Sol.

magneticfidd, thelinesof the spectrum get plitted upinto anumber of dosaly gpaced lines. Thisphenomenon
isknown asZeeman effect.

A hydrogen like atom of atomic number Z isin an excited state of quantum number 2n. It can emit a
maximum energy photon of 204 eV. If it makesatrangition to quantum state n, a photon of energy
40.8 eV isemitted. Find n, Z and the ground state energy (in eV) for this atom. Also, calculate the
minimum energy (in eV) that can be emitted by thisatom during de—excitation. Ground state energy
of hydrogen atomis—13.6 V.

The energy released during de—excitation in hydrogen likeatomsisgiven by :

me* |1 1
= = _— |z
S g { }
Energy released in de—excitation will be maximum if transition takes place from nth energy level to
ground statei.e.,

11 |, . 1 1
E,, —E, =13.6| 5 -— |Z?= E,, —E,=13.6| 5 - ——
{1 (2n) 1 204 eV ...(I) & dso {n (2n)

122 =40.8eV ...(ii)

Taking ratio of (i) to (ii), we will get 47" =1 _5 = =4 = n=2
3

Putting n=2 in equation (i) we get

42

2
204 16 % = E =-13.6x O 217.6 eV = ground state energy

z72= —7=4..E =-136

" 13.6x15

AEisminimum if transition will befrom 2nto 2n-1i.e. between last two adjacent energy levels.

1 1
. AE,, =E,, —E, , =13.6 b—ﬂf =10.57 eV

isthe minimum amount of energy rel eased during de—excitation.
A single electron orbits around astationary nucleus of charge +Zewhere Z isaconstant and eisthe
magnitude of electronic charge. It requires47.2 €V to excitetheelectron from the second orbit to third
orbit. Find
(i) Thevalueof Z
(it) Theenergy required to excite the electron from the third to the fourth Bohr orbit
(i) The wavelength of electronic radiation required to remove the electron from first Bohr orbit to
infinity
(iv)Find the K.E., P.E. and angular momentum of electron in the 1st Bohr orbit.

[ The ionization energy of hydrogen atom = 13.6 eV, Bohr radius=5.3 x 10 m,

Velocity of light =3 x 10° m/s. Planck's constant = 6.6 x 1034 J-s]

The energy required to excite the electron from n, to n, orbit revolving around the nucleus with

o me* |1 1 1 1
Chal’ge +Ze|sg|ven by Enz —Enl = e |:———:|ZZ — Enz _Enl =72 ><(136)|:¥——2:|
0

2 2
nl n2 1 2

() Since47.2eV energy isrequired to excitetheelectronfromn, =2ton, =3 orbit
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101
22 3

47.2x36

- 72
47.2=7 ><13.6{ 13625

} = Z°= =24.988 ~ 25 = Z=5
(ii) The energy required to excite the electron from n, =3 to n, =4 isgiven by

1 1 25x13.6x7
— 2—0| —— — [z =77 T —
E,—E,=136Z _5{32 42}_ Ty =1653eV

(i) The energy required to remove the electron from the first Bohr orbit to infinity («) isgiven by

E, -E,=13.6x2? {1% —iz} —13.6 x 25¢V =340eV
o0

In order to calculate the wavel ength of radiation, we use Bohr'sfrequency relation

(6.6 x 10*34) x10% x 3
13.6 x 25 x (1.6 x 10*19)

hf = % =136 x 25 x (1.6 x 10%9)J= = - 36.397A

2
(iv)K.E.:%mvlex 28 -5434x 107

P.E.=-2x K.E. =-1086.8 x 10%°J

h
Angular momentum=mv.r = o =1.05%x 103 Js

Theradiusr, of thefirst Bohr orbitisgiven by

2

2 0 ( gh o)
= ol 1 059XI0 (v 05 =053x10m) = 1106 x 107°m=0.106 A
T

1

Ex. Anisolated hydrogen atom emitsaphoton of 10.2 eV.

(i) Determinethe momentum of photon emitted (ii) Calculate the recoil momentum of the atom
(iif) Find the kinetic energy of therecoil atom [Mass of proton= m =1.67 x 102" kq]

, , 10.2x1.6x107"
Sol. (i) Momentum of the photonis pf% = ; y 1(;

=5.44 x 10" kg—m/s

(it) Applying the momentum conservation

Poe— o N—>;
atom Photon

p,=p, = 5.44 x 10" kg—m/s

@iy K= %mv2 (v = recoil speed of atom, m = mass of hydrogen atom) K = %m [%j =;—m

(5.44x 10*27)2
2x1.67x107

Physical quantity Formula Ratio Formulae of hydrogen atom

Substituting the value of the momentum of atom, we get K = =8.86 x 102'J
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nh?

Reelitiset-Bohrorbi-(r-) Y PR rn:C.S?,'”7 =140

Velocity of electronin n®Bohr = zn:ﬁe ;v =22 X 106§ VV,VLV = L % ; %%

orbit (v )

Momentum of electron (p) nzznr:—l:ezz; X % PP, P P, = 1%%%
Angular velocity of electron(o ) 0)5%; i—z 0,10, 0.0 = 1:%:2—17. n—l3

Time Period of electron (T ) o T o | T T, T 21827
Frequency (f ) L I L IS B F
Orbital current (1 ) | = %; | i—z i =1 S
Angular momentum (J)) J= 2: ;Jocn J:3:..J =1:2:3.n
Centripetal acceleration (a) nzmﬁ’%; ! % a:a:4a,..a=1: % : % %
Kinetic energy (E, ) E = chhzzz L E, i—: Ee, (Ey,.E =1: % : % . n_lz
Potential energy (U ) U=, Z VRIVRITRRUES R
Total energy (E ) E= _eri‘zz E o i—z £ E EnE =l T
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X-RAYS

ROENTGEN EXPERIMENT
Roentgen discovered X—ay. While performing
experiment on electric discharge tube Roentgen
observed that when pressure inside the tube is
10-*mm of Hg and applied potential iskept 25kV
then some unknown radiation are emitted by anode.
These are known as X—ay. X—rays are produced
by bombarding high speed electrons on atarget of
high atomic weight and high melting point. ' |-| |-|
To Produce X—ray Three Things are Required
(i) Sourceof electron (ii) Means of accelerating these electron to high speed
(iii) Target onwhich these high speed electron strike

COOLIDGE METHOD
Coolidge devel oped thermoi onic vacuum X—ray tube in
which electron are produced by thermoionic emission
method. Due to high potential difference electrons
(emitted dueto thermoionic method) movetowardsthe
target and strike from the atom of target due to which
X—ray are produced. Experimentally it is observed that
only 1% or 2% kinetic energy of electron beamisused
to produce X—ray. Rest of energy iswasted in form of
heat.
Characteristicsof target
(a) Must have high atomic number to produce hard X—rays.
(b) Highmelting point to withstand high temperature produced.
(c) High thermal conductivity to removethe heat produced
(d) Tantalum, platinum, molybdenum and tungsten serveastarget materials

. Control of intendty : Theintensity of X—ray dependson number of e ectrons striking the target and
number of el ectron depend on temperature of filament which can be controlled by filament current.
Thusintensity of X—ray dependson current flowing through filament.

evacuated tube

electron

=i

cathode

X-rays

. Control of Penetrating Power : The Penetrating power of X—ray dependson the energy of incident
electron. The energy of electron can be controlled by applied potential difference. Thus penetrating
power of X—ay depend on applied potential difference. Thus the intensity of X—ay depends on
current flowing through filament while penetrating power dependson applied potential difference

Soft X—ay Hard X—ray
Wavelength 10 A to 100 A 01A-10A
Energy 12100 evV-A 12100 evV-A
Penetrating power Less More
Use Radio photography Radio therapy
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Continuousspectrum of X—ay : When high speed e ectron collides
from theatom of target and passesdoseto thenucleus. Thereiscoulomb
attractive force due to this electron is deaccelerated i.e. energy is
decreased. Thelossof energy during deacceeration isemitted in the
form of X—rays. X—ay produced in thisway are called Braking or
Bremstralung radiation and form conti nuous spectrum. In continuous
spectrum of X—ay all thewavelength of X—ray are present but below
aminimum value of wavelength thereisno X—ray. It iscalled cut off
or threshold or minimum wavelength of X—ray. The minimum
wavel ength depends on applied potential.

Lossin Kinetic Energy

1 1 .
= 2_ — 2 — — —
5 mv, vaz—hv+heatenergy ifv,=0,v, =v 4

(Infirstcallision, heat = 0)

12— -
5 mve= hv __ (1)
%mvzz 2V, ...(ii) [here V is applied potential]
. .. 12400 12400
from (i) and (i) hv__ =€V = }Lhc =eV=> A = v = volt = v x 10°m x volt

Continuous X—aysalso known aswhite X—ray. Minimum wavelength of these spectrum only depends
on applied potential and doesn' t depend on atomic number.

Characteristic Spectrum of X—ray

When the target of X—ray tubeiscollide by energetic electronit emitstwo type of X—ray radiation.
One of them has a continuous spectrum whose wavel ength depend on applied potential while other
congi sts of spectra lineswhose wavel ength depend on nature of target. Theradiation formingtheline
spectrum is called characteristic X—rays. When highly accelerated el ectron strikes with the atom of
target then it knockout the electron of orbit, due to this a vacancy is created. To fill this vacancy
electron jumps from higher energy level and eectromagnetic radiation are emitted which form
characteristic spectrum of X—ray. Whose wavel ength dependson nature of target and not on applied
potentid.
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From Bohr Moded

n=1 n,=234... K series o v
N vvy 4
n =2, n,=3,4,5....L series N.N; N series
YyVvyY 3
. M MMM, M series
n =3, n,=4,5,6....... M series
L \AAAL 2
First lineof series=a L,L,L, L series
Second line of series=3 IR L
K
KKK, K,
Third line of series=1y K series
Transition | Wave- | Energy| Energy Waveength
length difference
h
Lo>K| A, |hv, |AE-E)| 1, =—= K,
* * N (=P =) 31
12400 Characteristic X-ray
(2-1) =hv,, |= eVA |2
“ (Ex —E.) % o
E X-ray from a molybdenum
MoKl 2 hv, |{E.—£) hc 2 Ky target at 35 kV
—> = B
KB KB K M KB (Eq —E,) S } L,
12400 17 Bremss‘trahlung |
(3-1) =hv,, |= =—— eVA contuum
(Ex —Ewm) y
— hc OI.02 OI.O4 OI.OG OI.08 OI.10 OI.12
M—L 7\'Lon hVch _(EL_EM) 7\’Loc - (E_-E,) wavelength (nm)
L M
12400
(32 =hv, |= eVA
(EL - EM)

MOSELEY'S LAW
Moseley studied the characteri stic spectrum of number of many elementsand observed that the square
root of the frequency of aK—lineisclosaly proportional to atomic number of the element. Thisis

called Moseley's law.
b x(Z-b)= v (Z-b)?= v=a(Z-b)?...(i)

Z = atomic number of target K,

v = frequency of characteristic spectrum 1) K.

b = screening constant (for K—seriesb=1, L seriesb=7.4) ~ /

a=proportionality constant /

FromBohr Model  v=RcZ? L—lz—ﬂ (i) —
1 2
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Comparing () and (i) a= Rc{niz— 1}

2
1 n2

Thus proportionality constant 'a’ does not depend on the nature of target but depend on transition.

Bohr model M oseley'scorrection
1. [ For singleelectron species 1. |For many electron species
1 1 1 1
2. AE = 13.622{—2 ——2} ev 2. AE =13.6 (Z—:l.)z{—2 ——2} ev
1 2 nl n2
1 1] 1 1
— 2| — _ — - _1\2| — _ —
3. [v=Rcz rard 3. |v=Rc(Z-1) L‘f ng}
1 _ o[t 1] 1 _ 11
4 |5 TRE T “ 0% ‘R(Z‘l){ni ni}

For X—ray production, Moseley formulae are used because heavy metal are used.

1 1

When trandgtionissame i « Zob7

When target issame i «

1 1
2 2
ng n;

ABSORPTION OF X-RAY

Ex.

Sol.

When X—ray passesthrough x thicknessthen itsintensity | =1 e*
|, = Intensity of incident X—ray

| = Intensity of X—ray after passing through x distance

u = absorption coefficient of material

* Intensity of X—ray decrease exponentialy.

* Maximum absorption of X—+ay — Lead
* Minimum absorption of X—ay — Air

Half thickness(x,,,)

The distancetravelled by X—ray when intensity become haf the original valuex,, = m,
il

When X—raysof wavelength 0.5A passthrough 10 mm thick Al sheet then their intensity is reduced
to one sixth. Find the absorption coefficient for Aluminium .

2.303

> el

2.303 2.303x0.7781
= log,,6 =———"——

T 10 10 =0.1752/mm

H:
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DIFFRACTION OF X-RAY

Diffraction of X—ray ispossibleby crystalsbecausethe interatomic spacinginacrystal latticeisorder
of wavelength of X—aysit wasfirst verified by Lauve.

Diffraction of X—ray take place according to Bragg'slaw 2d sinf =nA
d = spacing of crystal plane or lattice constant or distance

between adjacent atomic plane

¢
0 = Bragg'sangle or glancing angle 0 0
¢ = Diffractinganglen=1,2,3....... F o 0 0 %id
For Maximum Wavelength 2 2 2 P 2

sno=1L,n=1= A _=2d

soif A > 2d diffractionisnot possiblei.e. solution of Bragg's equation isnot possble.
PROPERTIES OF X-RAY
. X—ay dwaystravel with the velocity of light in straight line because X—rays are em waves
. X—ray iselectromagneticradiation it show particle and wave both nature

. In reflection, diffraction, interference, refraction X—ay shows wave nature while in photoelectric
effect it showsparticle nature.

. Thereisno charge on X—ray thusthese are not deflected by electric field and magnetic field.
. X—ay areinvisible.
. X—ray affectsthe photographic plate

. When X—ray incidents on the surface of substanceit exertsforce and pressure and transfer energy and
momentum

. Characteristic X—ay can not obtained from hydrogen because the difference of energy level in hydrogen
isvery small.

Ex. Show that the frequency of KB X—ray of amaterial isequal to the sum of frequenciesof K_and L
X—raysof thesame material.

Sol. Theenergy level diagram of an atom with one electron M

knocked out is shown above. L

Energy of K X-—rayiskE,  =E —E, K, K,

and of K, X—Tay IS E = Ev—E«

andof L X—raysisE =E, —E

thus EKB =g, *+E_or Vis = Vo T VLo
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EXERCISE (S-1)

Photoelectric Effect :

1.

In an experiment on photoel ectric effect, the slope of the cut-of f voltage versus frequency of incident
lightisfoundto be4.12 x 10~V s. Calculate the value of Planck’ s constant. NCERT
M P0001
A 100W sodium lamp radiates energy uniformly in all directions. Thelamp islocated at the centre of
alarge spherethat absorbs all the sodium light whichisincident on it. The wavel ength of the sodium
light is589 nm. (a) What isthe energy per photon associated with the sodium light ? (b) At what rate
arethe photons delivered to the sphere? NCERT
M P0002
In aphotoel ctric experiment set up, photons of energy 5 eV fall on the cathode having work function
3eV.
(a) If the saturation current isi, = 4pA for intensity 10> W/m?, then plot a graph between anode
potential and current.
(b) Alsodraw agraph for intensity of incident radiation of 2 x 107> W/m?. [JEE' 2003]
M P0003
Monochromatic radiation of wavelength 640.2 nm (1nm = 10-° m) from a neon lamp irradiates
photosensitive material made of cesium. The stopping voltageis measuredto be 0.54 V. The source
is replaced by an iron source and its 427.2 nm line irradiates the same photo-cell. Predict the new

stopping voltage. NCERT

M P0004
Monochromatic light of wavelength 632.8 nm isproduced by ahelium-neon laser. The power emitted
i$9.42 mW. NCERT

(a) Find the energy and momentum of each photon in the light beam,
(b) How many photons per second, onthe average, arrive a atarget irradiated by thisbeam? (Assume
the beam to have uniform cross-section whichislessthan thetarget area), and
(c) How fast doesahydrogen atom haveto travel in order to havethe same momentum asthat of the
photon ?
M P0005

Wave Nature of Matter

6.

Caculatethe NCERT
(d) momentum, and

(b) de-Broglie wavelength of the electrons accel erated through apotential differenceof 56 V.
M P0006
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7.  Thewavedength of light from the spectral emission lineof sodiumis589 nm. Find the kinetic energy
at which NCERT
(a) anéectron, and
(b) aneutron, would have the same de-Broglie wavelength.

M P0007
8. (&) For what kinetic energy of aneutron will theassociated de-Broglie wavel ength be 1.40 x 10-1°m?
(b) Alsofind the de-Broglie wavelength of aneutron, in thermal equilibrium with matter, having an
average kinetic energy of (3/2) k T at 300 K. NCERT
M P0008
9.  Thepotential energy of aparticlevariesasU(x) =E for0<x<landU(x) =0forx>1
For 0 <x < 1. de-Broglie wavelengthsis A, and for x > 1 the de-Broglie wavelengthis ..

A

Total energy of the particleis 2E . Find 1 [JEE 2005]

2

M P0009
Bohr’s Theory
10. Determinethe number of linesin Paschen series which have awavel ength greater than 1000 nm.

M P0010
11. Inaphotoelectric setup, the radiations from the Balmer series of hydrogen atom are incident on a
metal surface of work function 2eV. The wavelength of incident radiations lies between 450 nm to
700 nm. Find the maximum kinetic energy of photoelectron emitted. (Given hc/e= 1242 €V-nm).
[JEE-2004]

MP0011
12. An electron and a proton are separated by a large distance and the electron approaches the proton
with akinetic energy of 4.11 eV. If the electron is captured by the proton to form hydrogen atomin

the ground state, the wavel ength of photon given off is o, x 102 A? Fill the value of o in your OMR
sheet. MP0012

13. A neutron moving through container filled with stationary deuterons. The neutron successively collides
elastically and head on with stationary deuterons one at atime. The mass of the neutron isequal to
half that of the deuteron. How many such collision would berequired to slow the neutron down from

8leVtoleV.[ Neglect therdativistic effect] M P0O013

14. What isthe shortest wavelength present in the Paschen series of spectral lines? NCERT
M P0014

15. A 12.5eV electron beam isused to bombard gaseous hydrogen at room temperature. What series of
wavelengthswill be emitted? NCERT

MP0015
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16.

17.

18.

19.

Thetotal energy of an electronin the first excited state of the hydrogen atom isabout —3.4 eV.

(a) What isthekinetic energy of the electron in this state? NCERT
(b) What isthe potential energy of the electronin this state?

(c) Which of the answers abovewould changeif the choice of the zero of potential energy ischanged?

MP0016
Obtainthefirst Bohr’ sradius and the ground state energy of amuonic hydrogen atom [i.e., an atom
inwhich anegatively charged muon (L) of massabout 207m_orbitsaround aproton]. NCERT

MP0O017
A potentia difference of V voltsis applied on two parallel electrodes separated by a distance of
4.0 x 10?2m . The electrons of very low energy are injected into the region between the el ectrodes
which contains argon at low pressure . The average distance the electronstravel between collisions
with argon atomsis 8 x 10> m. Theionization energy of argon atomis 16 eV . Estimate the minimum
valueof V(inkV) such that the electronswill causeionization in argon atomsby collision.

MP0018
In hydrogen-like atom (Z = 11), nt" line of Lyman series haswavelength A equal to the de-Broglie's
wavelength of electron in the level from which it originated. What is the value of n?
[Take: Bohr radius (r,) = 0.53 A and Rydberg constant (R) = 1.1 x 107 m™] [JEE 2006]
MP0019

X-Rays

20.

21.

22.

23.

The wavelength of characteristic K -line emitted by a hydrogen like element is 2.5 A. Find the
wavelength of the Ky-l ine emitted by the same element (in A). [Assume the shielding effect to be
sameasof K ] M P0020

In an accel erator experiment on high-energy collisionsof electronswith positrons, acertaineventis
interpreted as annihilation of an electron-positron pair of total energy 10.2 BeV into two y-rays of
equal energy. What isthe wavelength associated with each y-ray? (1BeV = 10° eV) NCERT

M P0021
Figure shows K_ & KB X-rays along with continuous X-ray. Find the energy of L X-ray. (Use
hc = 12420 evA).

M P0022
A graphof ./y (wherevisthe frequency of K_line of thecharacteristic X-ray spectrum ) isplotted

againgt the atomic number Z of the elements emitting the characteristic X-ray .Theintercept of the
graphontheZ-axisis 1and thedopeof thegraphis0.5x 10° S.l. units. Thefrequency of theK _line
for an element of atomic number 41 isgiven as a x 10% Hz. Find the value of «. MP0023
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EXERCISE (S-2)

A cooling object was emitting radiations of timevarying wavelength A = 3000 + 40t, where . isin A
andtisinsecondisincident on ametal sheet (of work function 2eV) such that the power incident on
sheet is constant at 100 watt. Thissignal is switched on and off for time intervals of 2 minutes and
1 minute respectively. Each timethe signal isswitched on, A again startsfrom fresh value of 3000 A.
If themetal plateisgrounded sothat it alwaysremainsneutral and electron cloudingisnegligiblethen
find the maximum photocurrent(mA). The photoemission efficiency is 0.01% and remains
constant.(Take hc=12400eV-A) M P0024
A light of wavelength 3540 A falls on ametal having work function of 2.5 eV. If gjected electron
collides with another target metal inelastically and its total kinetic energy is utilized to raise the
temperature of target metal. The mass of target metal is 102 kg and its specific heat is160 Jkg/°C. If
10" electrons are g ected per second, then find the rate of raise of temperature (in °C/s) of the metal
[Assumethereisnolossof energy of gected eectron by any other process, al the el ectron arereaching
the target metal with max kinetic energy and take hc=12400 ev-A] M P0025
A beam of light has three wavelengths 4144A, 4972A & 6216 A with a total intensity of
3.6x10-3 W.m2 equal ly distributed amongst the three wavel engths. The beam falls normally on an
area 1.0 cm? of aclean metallic surface of work function 2.3 eV. Assumethat thereisno lossof light
by reflection and that each energetically capable photon g ectsone el ectron. Cal cul ate the number of
photoel ectrons liberated in two seconds. M P0026
In aphoto electric effect set-up, apoint sourceof light of power 3.2 x 103 W emits mono energetic
photonsof energy 5.0 eV. The sourceislocated at adistance of 0.8 mfrom the centre of astationary
metallic sphere of work function 3.0eV & of radius 8.0 x 10-3m . The efficiency of photo electrons
emissionisonefor every 108 incident photons. Assume that the sphereisisolated and initialy neutral,
and that photo electrons are instantly swept away after emission.
(a) Calculate the number of photo electrons emitted per second.
(b) Find the ratio of the waveength of incident light to theDe - Broglie wavelength of the fastest
photo electronsemitted.
(c) It is observed that the photo electron emission stops at acertain timet after thelight source is
switched on. Why ?
(d) Evaluatethetimet. M P0027
Two identicad nonreativistic particles move at right angles to each other, possessing De Broglie
wavelengths, A, & A, . Find the De Broglie wavelength of each particlein theframe of their centre of
mass. M P0028
Assumethat the de-Broglie wave associated with an el ectron can form a standing wave between the
atomsarranged in aone dimensional array with nodes at each of the atomic sites. It isfound that one
such standing wave isformed if the distance 'd' between the atoms of the array is2 A. A similar
standing waveisagain formed if 'd' isincreased to 2.5 A but not for any intermediate value of d.
Find the energy of the electrons in electron volts and the least value of d for which the standing
wave of the type described above can form. M P0029
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10.

11.

12.

A gasof identical hydrogen like atomshas some atomsin thelowes (ground) energy level A & some
atomsin aparticular upper (excited) energy level B & thereareno atomsin any other energy level.
The atoms of the gas maketransition to ahigher energy level by the absorbing monochromatic light
of photonenergy 2.55€V. Subsequently, theatomsemit radiation of only six different photon energies.
Someof the emitted photons have energy 2.55 eV. Some have energy more and some haveless
than 2.55 eV.
() Find the principal quantum number of theinitially excitedlevel B.
(if) Find theionisation energy for the gas atoms.
(ii1) Find the maximum and the minimum energies of the emitted photons.
M P0030

A monochromatic light source of frequency v illuminatesametallic surface and jects photoel ectrons.
The photoelectrons having maximum energy are just able to ionize the hydrogen atomsin ground
state. When the whole experiment isrepeated with an incident radiation of frequency (5/6)v, the
photoel ectrons so emitted are abl e to excite the hydrogen atom beam which then emitsaradiation of
wavelength of 1215 A . Find the work function of the metal and the frequency v. M P0O031
A neutron of kinetic energy 65 eV collides indastically with asingly ionized helium atom at rest .
It isscattered at an angle of 90° with respect of itsoriginal direction.
(Given : Mass of he atom = 4x(mass of neutron), ionization energy of H atom =13.6 eV)
(i) Find the allowed valuesof the energy of the neutron & that of the atom after collision.
(it) If the atom getsde-excited subsequently by emitting radiation, find the frequencies of the emitted

radiation. M P0032
A beam of ultraviolet light of wavelength 100 nm — 200 nm is passed through a box filled with
hydrogen gasin ground state. The light coming out of the box issplit into two beams'A' and 'B'. A
contains unabsorbed light from the incident light and B contai nsthe emitted light by hydrogen atoms.
The beam A isincident onthe emitter in aphotoel ectric tube. The stopping potential inthiscaseisb
volts. Find the work function of the emitter. In the second case the beam B isincident on the same
emitter. Find the stopping potential inthiscase. Y ou can assumethat the transition to higher energy
states are not permitted from the excited states. Use hc = 12400 eVA. M P0033
Electromagnetic waves of wavelength 1242 A areincident on ametal of work function 2eV. The
target metal is connected to a5 volt cell, as shown. The electrons pass through hole A into a gas of
hydrogen atomsin their ground state. Find the number of spectral linesemitted when hydrogen atoms
come back to their ground statesafter having been excited by the electrons. Assumeall excitationsin
H-atoms from ground state only. (hc = 12420 eVA)

2

metal
target
[
'
5volt

.., [atoms

M P0034
A He*ioninground stateisfired towards a Hydrogen atom in ground state and at rest. What should
be the minimum kinetic energy (in eV) of He" ion so that both single € ectron species may get excited.
M P0035
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14.

15.

16.

17.

18.

19.

Consider auniversein which the t-meson orbits around the nucleusinstead of electron. Assuming a
Bohr model for an-meson of massm_and of the same charge asthe electronisin acircular orbit of

h
radiusr about the nucleuswith an orbital angular momentum —— . If theradiusof anucleusof atomic

2r
number Z isgiven by R = 1.6 x 10 Z¥¥ m, The total number of elementsin this universethat can
o TN, LS . m,
N =0.53A ; —= = 265.
exist bisgivenas‘N’. Fill { 12 }ln OMR sheet. [ Given me m, ; neglect any
shielding effect for the havier atoms and assume non relativistic physicsto be applicable and take
5Y4 ~ 1.5] M P0036

The peak emission from ablack body at acertain temperature occurs at awavelength of 6000 A. On
increasing itstemperature, thetotal radiation emittedisincreased 16 times. Theseradiationsare allowed
tofall onametal surface. Photoel ectrons emitted by the peak radiation at higher temperature can be
bought to rest by applying a potential equivaent to the excitation potential corresponding to the
transition for thelevel n=4to n=2inthe Bohr's hydrogen atom. The work function of the metal is

given by % eV where o, isthe numerical constant. Find the valueof a.. [Take: hc = 12420 eV-A ]

M P0037
A neutron beam, in which each neutron has same kinetic energy, is passed through a sample of
hydrogen like gas (but not hydrogen) in ground state. Dueto collision of neutronswith theions of the
gas, ions are excited and then they emit photons. Six spectral lines are obtained in which one of the
linesisof wavelength (6200/51) nm. What is the minimum possible value of kinetic energy of the
neutronsfor thisto be possible. The mass of neutron and proton can be assumed to be nearly same.
Find the answer in the form 25a x 102 eV and fill value of a. M P0038
Electronsin ahydrogen likeatom (Z = 3) make transitionsfrom the fourth excited state to the third
excited state and from the third excited state to the second excited state. Theresulting radiationsare
incident on ametal plate and g ect photoel ectrons. The stopping potential for photoel ectrons gjected
by shorter wavelength is 3.95 eV. Find the work function (in eV) of the metal plate. M P0O039
A hydrogen atomat rest isin ground state. It isstruck by aHe"ionin first excited state. Assuming the
collision to be head on and themass of He* to be four timesthat of hydrogen atom, find theleast value
of kinetic energy of incoming particlewhich can excite both the particlesto second excited state.

M P0040
In an X-ray tube theaccelerating voltageis20 KV. Two targets A and B are used one by one. For * A’
thewavelength of theK _ lineis62 pm. For ‘B’ thewavelength of theL_ lineis 124 pm. The energy
of the‘B’ ionwithvacancy in‘L’ shell is15.5 KeV higher than the atom of B.
[Take hc = 12400 eVA]
(i) Find__in A.
(i) CanK _—photon be emitted by ‘A’? Explain with reason.
(iii) Can L — photons be emitted by ‘ B’ ? What isthe minimum wavelength (in A) of the characteristic
X-ray that will beemitted by ‘B’. M P0041
An X-raystubeisworking at apotential differenceof 38.08 kV. The potential differenceisdecreased
to haf itsinitial value. Itisfound that difference of the wavelength of K _ X-ray and themost energetic
continuous X-rays becomes 1/4 times of the difference prior to the change of voltage. Assuming K
lineispresent in both cases, find the atomic number of the target element. [Take Rch=13.6 €V]

M P0042
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EXERCISE (O-1)

SINGLE CORRECT TYPE QUESTIONS

Photoelectric Effect

1.

Statement 1 : Photoel ectric effect establishes quantum nature of light.

and

Statement 2 : Thereisnegligibletimelag between photon collisionswith thematerial and photoelectron

emission irrespective of intensity of incident light. (Assumeincident light isof frequency greater than

threshold frequency of thematerial).

(A) Statement-1istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.

(B) Statement-1istrue, statement-2 istrue and statement-2 isNOT the correct explanation for
Statement-1.

(C) Statement-1istrue, statement-2isfalse.

(D) Statement-1isfalse, statement-2 istrue. M P0043

Statement-1: Work function of aluminumis4.2 eV. If two photonseach of energy 2.5eV srikeson

apiece of aluminum, the photo electric emission does not occur

Statement-2 : In photo electric effect asingle photon interactswithasingle el ectron and electronis

emitted only if energy of each incident photon isgreater then the work function.

(A) Statement-1isTrue, Statement-2 is True, Statement-2 isacorrect explanation for statement-1

(B) Statement-1 is True, Statement-2 is True, Statement-2 is NOT a correct explanation for
Statement-1

(C) Statement-1isTrue, Statement-2isFase

(D) Statement-1isFalse, Statement-2isTrue M P0044

A photocell isilluminated by asmall bright source placed 1 m away. When the same source of light

isplace % m away, the number of electrons emitted by photocathode would- [AIEEE - 2005]

(A) decrease by afactor of 4 (B) increase by afactor of 4
(C) decrease by afactor of 2 (D) increase by afactor of 2

M P0045
Two monochromatic light sources, A and B, emit the same number of photons per second. The
wavelength of A is’, =400 nm, and that of B isA, = 600 nm. The power radiated by sourceB is
(A) equal to that of source A
(B) lessthan that of source A
(C) greater than that of source A
(D) cannot be compared to that from source A using the available data.

M P0046
The energy flux of sunlight reaching the surface of the earth is1.388 x 10° W/m?2. How many photons
(nearly) per square metre are incident onthe Earth per second? Assumethat the photonsin the sunlight
have an average wavelength of 550 nm. NCERT
(A) 8 x 10% (B) 4 x 10* (C) 4 x10% (D) 8 x 10%®

M P0047
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o¢

10.

The threshold frequency for a certain metal is 3.3 x 10'* Hz. If light of frequency 8.2 x 10" Hz is
incident onthe metal, the cutoff voltagefor the photoelectricemissionis. NCERT
(A)8V (B)6V (©2v (D)4 M P0048
Light of frequency 7.21 x 10 Hz isincident on ameta surface. Electrons with amaximum speed of
6.0 x 10° m/s are gjected from the surface. The threshold frequency for photoemission of electronsis

NCERT
(A) 4.73 x 10¥* Hz (B) 4.73 x 10 Hz (C) 2.08 x 10" Hz (D) None of these

M P0049
In a photoelectric effect experiment, photons of energy 5 eV are incident on the photo-cathode of
work function 3 eV. For photon intensity | , = 10" m™s™, saturation current of 4.0 pA is obtained.
Sketch of the variation of photocurrent ip against the anode voltage V for photon intensity |, (curve
A)andl,=2x 10" m?s* (curve B) will be :

3 B 8 B

(NN WA |, g A LY i(1A) i/%
V. A A A

(A)—6—4—2 02 4 6 (B) 5= =57 G(C)—6—4—2 02 4 6 (D) =57

V, Va A Va

M P0050
Statement-1: When ultraviolet light isincident on a photocell, its stopping potential isV, and the
maximum kinetic energy of the photoelectrons is K, .. When the ultraviolet light is replaced by
infrared light, both V,and K, increase.
Statement-2 : Photoelectronsare emitted with speedsranging from zero to amaximum value.
(A) Statement-1 istrue, Statement—2isfase
(B) Statement—1 is true, Statement—2 is true; Statement—2 is the correct explanation of
Statement—1
(C) Statement—1 is true, Statement—2 is true; Statement—2 is not the correct explanation
of Statement—1
(D) Statement-1 isfalse, Statement—2 istrue
M PO0051
A photocathode can beilluminated by thelight from two sources, each of which emitsmonochromatic
radiation. The sources are positioned at equal distances from the photocathode. The dependence of
the photocurrent on the voltage between the cathode and the anode is depicted by curve 1 for one
source and by curve 2 for the other. In what respect do these sour ces differ ?

\
I 1

Y/ 2
//
0 v
(A) Highest frequency photon (B) Number of photons emmited per second

(C) Number of photoel ectrons emmited per second
(D) None of these

M P0052
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11.

12.

13.

14.

15.

A radiation of energy E fallsnormally on aperfectly reflecting surface. The momentum transferred to
thesurfaceis [AIEEE - 2004]
(A)Elc (B) 2E/c (C) Ec (D) E/c?

M P0053
The threshold frequency for ametallic surface correspondsto an energy of 6.2 €V and the stopping
potential for aradiationincident on thissurfaceis5V. Theincident radiation liesin- [AIEEE - 2006]
(A) ultra-violetregion (B) infra-red region (C) visbleregion (D) X-ray region

M P0054
Thetimetaken by a photoel ectron to come out after the photon strikesisapproximately-

[AIEEE - 2006]

(A) 10™s (B) 10°s (C) 10°%¢ (D) 10*s

M P0055
The anode voltage of aphotocdll iskept fixed. The wavelength A of thelight falling on the cathodeis
gradually changed. The plate current | of the photocell variesasfollows: [AIEEE - 2006]
(A)"é (B)" \ (C)'\A (D)" /

o ) o ) o A o )

M P0056
Photon of frequency v hasamomentum associated withiit. If cisthe velocity of light, the momentum
is- [AIEEE - 2007]
(A) vic (B) hve (C) hv/c? (D) hv/c

M P0057

Wave Nature oF Matter

16.

17.

Statement-1 : If an electron has the same wavel ength as a photon, they have the same energy.
Statement-2 : by debroglie hypothesis, p = h/A for both the el ectron and the photon.
(A) Statement-1 istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
Statement-1.

(C) Statement-1istrue, statement-2isfalse.
(D) Statement-1isfalse, statement-2 istrue.

M P0058
A particleof mass4m at rest decaysinto two particles of massesm and 3m having non-zero vel ocities.
Theratio of the de-Broglie wavelengths of the particles1and 2is

1 1
(A) 5 ®) (©)2 (D)1

M P0059



Modern Physics-1

19.

20.

21.

22.

23.

A free particle withinitial kinetic energy E and de-broglie wavelength A entersaregioninwhichit
has potential energy U. What isthe particle's new de-Broglie wavelength?
(A) M(1-U/E)Y2 (B) A(1-U/E) (©) r(2-E/U)? (D) A(1+U/E)Y2

M P0060
Proton, deutron and o particlesare accel erated through the same potential difference. Thentheratio
of their de-Broglie wavelength as

(A) 1:4/2:1 (B)1:1:1 (C) 1:2:242 (D) 242:2:1

M P0061
Statement-1: An electron and a proton are accelerated through the same potentia difference. The
de-Broglie wavelength associated with the electronislonger.

h
Statement-2 : De-Broglie wavelength associated with amoving particleis A = E where, p isthe

linear momentum and both have same KE.
(A) Statement-1istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.
(B)Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
Statement-1.

(C) Statement-1istrue, statement-2 isfalse.
(D) Statement-1isfalse, statement-2 istrue.

M P0062
An a-particle of energy 5 MeV isscattered through 180° by afixed uranium nucleus. The distance of
the closest approach isof the order of - [AIEEE-2004]
(A)1A (B) 10°cm (C) 102cm (D) 105cm

M P0063
After absorbing adowly moving neutron of mass m, (momentum ~0) a nucleus of mass M breaks
into two nuclei of massesm, and 3m,(4m, = M + m,), respectively. If the de Broglie wavelength of
the nucleuswith massm, is A, then de-Broglie wavelength of the other nucleuswill be:-

(A)9Ar (B) 3x (© % (D) &
M P0064
A parallel beam of light of intengty | isincident normally on aplanesurface A which absorbs50% of
theincident light. Thereflected light fallson B which isperfect reflector, thelight reflected by B is
again partly reflected and partly absorbed and this process continues. For al absorption by A, asborption
coefficient is0.5. The pressure experienced by A duetolightis:-
A B

I
D —

151 | 3l 3l
(A) —— (B) = ©) 5% (D) —

M P0065
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24,

25.

Statement-1: If the accelerating potential inan X-ray tubeisincreased, thewavel engths of the
characteristic X-raysdo not change. [JEE 2007]
because

Statement-2 : When an e ectron beam strikesthetarget in an X-ray tube, part of thekinetic energy is
converted into X-ray energy

(A) Statement-1is True, Statement-2 is True; Statement-2 isacorrect explanation for Statement-1
(B) Statement-1is True, Statement-2is True; Statement-2isSNOT acorrect explanation for Statement-1
(C) Statement-1isTrue, Statement-2isFase

(D) Statement-1isFalse, Statement-2isTrue

M P0O066
Electronswith de-Brogliewavelength A fall onthetarget inan X-ray tube. The cut-off wavelength of
theemitted X-raysis [JEE 2007]
2me)2 2h 2m?c%)3
(A) A= . (B) A, = me ©C) = B (D) A, =1
M P0067

Bohr’s Theory

26.

27.

28.

The de-Broglie wavelength of an electroninthefirst Bohr orbitis

1
(A) equal to the circumference of first orbit (B) equal to 5 x (circumference of first orbit)

1 3
(C) equal to 2 x (circumference of first orbit) (D) equal to 2 x (circumference of first orbit)

M P0068
Statement—1 : When light is passed through a sample of hydrogen atoms in ground state, then
wavelengths of absorption linesare sameaswavel engths of linesof Lyman seriesin emiss on spectrum.
and
Statement—2 : In ground state hydrogen atom will absorb only those radiation which will exciteto
higher energy level.
(A) Statement-1istrue, statement-2 istrueand statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
Statement-1.
(C) Statement-1istrue, statement-2 isfalse.
(D) Statement-1isfalse, statement-2 istrue.

M P0069
Statement-1: In alaboratory experiment, on emission from atomic hydrogen in a discharge tube,
only asmall number of linesareobserved whereasalarge number of linesare present in the hydrogen
spectrum of astar.
Statement-2 : Thetemperatureof dischargetubeismuch smaller than that of the star.
(A) Statement-1isTrue, Statement-2 is True, Statement-2 isacorrect explanation for statement-1
(B) Statement-1 is True, Statement-2 is True, Statement-2 is NOT a correct explanation for
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Statement-1
(C) Statement-1isTrue, Statement-2isFase
(D) Statement-1isFalse, Statement-2isTrue
M P0070
29. If thebinding energy of theelectron in ahydrogen atomis13.6 eV, the energy required toremovethe
electronfromthefirst excited state of Li%*is- [AIEEE - 2003]
(A) 30.6 eV (B) 13.6 eV (C)34ev (D) 122.4 eV
MPO0071
30. A neutron having kinetic energy 13.6 eV collides with a hydrogen atom in ground state at rest.
Assumethat themass of neutron and hydrogen atoms are same and the neutron doesnot leaveitsline
of motion. Then which of thefollowing isthe possible KE of the neutron after the collison?
(A) zero (B) 34eVv (C)15eVv (D) 6.8eV.
M P0072
31. Inthespectrum of singleionised helium, the wavelength of aline observed isamost the sameasthe
first line of Balmer seriesof hydrogen. It isdueto transition of electron from
(A)n,=6ton=4 (B)n =5ton,=3 (C)n =4ton,=2 (D)n,=3ton,=2
MP0073
32. Light coming from adischarge tubefilled with hydrogen fallson the cathode of the photoel ectric cell.
Thework function of the surface of cathodeis4€V. Which one of thefollowing values of the anode
voltage (in Volts) with respect to the cathode will likely to make the photo current zero.
(A)-4 (B)—6 ()-8 (D) -10
M P0074
33. According to Bohr model, magnetic field at the centre (at the nucleus) of ahydrogen atom dueto the
motion of theelectronin n" orbit is proportional to
(A) Und (B) 1/r® ©)m (D) n?
M PO075
34. A photon of 10.2 eV energy collides with a hydrogen atom in ground state inelastically. After few
microseconds one more photon of energy 15 eV collides with the same hydrogen atom.Then what
can be detected by a suitable detector. [JEE' 2005 (Scr)]
(A) one photon of 10.2 eV and an electron of energy 1.4 eV
(B) 2 photons of energy 10.2 eV
(C) 2 photons of energy 3.4 eV
(D) 1 photon of 3.4 eV and one electron of 1.4 eV
M P0076
35. Two hydrogen atomsarein excited statewith electronsresding in n= 2. First oneismoving towards

left and emits a photon of energy E, towards right. Second one is moving towards left with same
speed and emits a photon of energy E, towards left. Taking recoil of nucleus into account during
emisson process
(A)E,>E, (B) E, <E,
(C)E,=E, (D) information insufficient

MPO077
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36. The maximum number of emission lines for atomic hydrogen that you would expect to see with
naked eyeif the only electronic levelsinvolved are those shown in thefigure, is
n=7
n=6
n=5
n=4
n=3
n=2
n=1
(A)6 (B)5 (©21 (D)
MPO0078
37. The diagram shows the energy levels for an electron in a certain atom. Which transition shown
representstheemission of aphoton with maximum wavel ength?
(I -3
1
I‘{/ n=2
Y n=1
Il
(A) 1 B) IV ©)1 (D)1
M P0079
38. Thelargest wavelength in the ultraviolet region of the hydrogen spectrum is 122 nm. The smallest
wavelength in theinfrared region of the hydrogen spectrum (to the nearest integer) is
[JEE 2007]
(A) 802 nm (B) 823 nm (C) 1882 nm (D) 1648 nm
M P0080
X-Rays
39. Assertion (A): Variation of intensity of X-raysisplotted against A. On increasing the accelerating

potential, (A, ;) iNCreases.

cut-of f

;\‘cut-off }\‘0

Reasoning (R): A, Will decrease but A will be same, aswavelength of characteristic X-raysis
independent of the accel erating potential.

Choosethecorrect satement from thefollowing.

(A) Aiscorrect and R isthe correct explanation of A.
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(B) Both A and R are correct but R isnot the correct explanation of A.
(C) A iscorrect but Riswrong.
(D) Both A and R are wrong. M P0081
40. AnX-ray tubeisrunat 50 kV. The current flowinginitis20mA . The power of thetubeis:
(A) 1000 W (B) 200 W (C) 20000 W (D) 20 W
M P0082
41. Choosethe INCORRECT statement.
(A) Cut-off wavelength of X-raysisindependent of filament voltage.
(B) Presenceof K _-linein X-ray spectrum meansthat L -serieswill also be present.
(C) Increasein filament current increasesintensity of X-ray.
(D) Presenceof L-seriesin X-ray spectrum meansthat K-serieswill aso be present.
M P0083
42. Thegiven graph showsthevariationof \/f vsZ for characteristicsX-rays. Lines1, 2,3, 4 shownin
the graph correspondsto any oneof k , kﬁ, L., Lﬁ. Then L[3 ISsrepresent by :-
Jf / 3
|
/ 1
/
Z >
(A) linel (B)line2 (©) line3 (D) line4d
M P0084
43. The X-ray beam coming from an X-ray tubewill be
(A) monochromatic
(B) having all wavelengths smaller than a certain maximum wavelength
(C) having all wavelengthslarger than a certain minimum wavelength
(D) having all wavelengthslying between aminimum and a maximum wavelength
M P0085
44. E, isenergy of k photon of aluminium, E, isenergy of k[3 photon of aluminium and E, is energy of
k_ photon from sodium, then the correct order of energiesisgiven
(A)E,>E,>E, (B)E,>E,>E, (C)E,>E,>E, (D)E,>E, >E,
M P0086
45. TheK,L and M energy levelsof platinum lie roughly at 78, 12 and 3 keV respectively. Theratio of

wavelength of K _lineto that of Kg linein X-ray spectrumis-
A 22 . 3 c 22 5 25
() 3 (8) (©) 5 (D)

M P0O087
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46.

47.

48.

49.

50.

51

52.

What isthe essentia distinction between X—-raysand y—rays
(A) y—rays have shorter wavelength than X—rays
(B) y—raysare extraterrestrial, X—raysare man—made
(C) y—rays have less penetrating power than X—rays
(D) y—raysoriginate from within an atomic nucleus, X—raysfrom outside an atomic nucleus.
M P0088
Mosley law relates:
(A) Frequency of emitted X-ray with applied voltage
(B) Wavelength and intensity of X-ray.
(C) Frequency of emitted X-ray with atomic number
(D) Wavelength and angle of scattering.
M P0089
Theintensity of gammaradiation from agiven sourceis|. On passing through 36 mm of lead, itis
reduced to 1/8. The thickness of lead, which will reduce theintensity to 1/2 will be- [AlEEE-2005]

(A) 6mm (B)9mm (C) 18 mm (D) 12mm

M P0090
The wavelength of K X-ray of an element having atomic number Z = 11isA . The wavelength of
K X-ray of another element of atomic number Z'is4i. ThenZ'is [JEE' 2005 (Scr)]
(A)11 (B) 44 (C)6 (D) 4

M P0091
Characteristic X-ray
(A) Have only discrete wavel ength which are characteristic of thetarget.
(B) Have dl the possible wavelength.
(C) Arecharacteristic of speed of projectile electrons.
(D) None

M P0092
Which of thefollowing transitionsin hydrogen atoms emit photonsof highest frequency ?

[AIEEE - 2007]

(A)n=2ton=6 (B)n=6ton=2 () n=2ton=1 (D)n=1ton=2

M P0093

MULTIPLE CORRECT TYPE QUESTIONS

Photoel ectric effect supports quantum nature of light because
(A) thereis minimum frequency of light below which no photoel ectrons are emitted
(B) themaximum kinetic energy of photo-€l ectrons depends only on the frequency of light and not on
itsintensity
(C) evenwhenthe meta surfaceisfaintly illuminated, the photoel ectrons|eavethe surfaceimmediately
(D) electric charge of photo-€electronsis quantized

M P0094
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53. Thefigureshowsthe variation of photo current with anode potential for aphotosensitive surfacefor
three different radiations. Let | , 1 and | _betheintensitiesand f , f, and f_be the frequenciesfor the
curves a, b and c respectively. Choose correct options

Photo current
O Anode potenti=al
(A)f =1, B) 1. <I, (O f <f, (D) I.>1,
M P0095

54. Inphotoelectric effect, stopping potential dependson
(A) frequency of theincident light
(B) intengity of theincident light by varies source distance
(C) emitter’ sproperties
(D) frequency and intensity of theincident light

M P0096

55.  Which of the following phenomena can be explained only on the basisof quantum theory of light?
(A) Energy spectrum of black body radiation  (B) Atomic spectra
(C) Photoelectric effect (D) Doppler effect

M P0097

56. Thefigureshowsaphoto cell circuit. The cathode of the photo cell isilluminated by amonochromatic
light. If theintensity iskept constant and the frequency of theincident light isincreased, then the
(A\) photo electric current in thecircuit increases Phozurﬁli/“ght
(B) photo electric current in thecircuit decreases Emitter R
(C) maximum kinetic energy of the photo electronsincreases o
(D) photo electric current in the circuit can be reduced to zero, when the polarity of theterminalsis

reversed
M P0098
57. Inaphotoeectric effect, eectronsare emitted
(A) at aratethat isproportional to the square of the amplitude of theincident radiation.
(B) withamaximum velocity proportional to the frequency of theincident radiation.
(C) at aratethat isindependent of the emitter.
(D) only if thefrequency of theincident radiation isabove acertain threshold value
(E) only if thetemperature of theemitter ishigh
. M P0099
58. A smal plateof areal cm?isplaced at adistance of ﬁ m from an isotropic point source emitting

1
light of frequency 6.63 x10" Hz, at a power of 2.00 mW. Assume the plate to be normal to the

incident photons. [w'here h=6.63 x 10°* Jg|. Sdlect CORRECT dlternative(s)
(A) Energy possessed by each photon is 10° J
(B) Photon emission rateis2 x 10 st

1
(C) Thefraction of areaof beam intercepted by the plateis 10

(D) Therate of photons striking the plateis 5 x 102 per second.
M P0100
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60.

61.

62.

63.

A metdlic sphereof radiusr remotefrom all other bodiesisirradiated with aradiation of wavelength
A which is capable of causng photoelectric effect.
(A) the maximum potential gained by the sphere will beindependent of itsradius
(B) the net positive charge appearing on the sphere after along timewill depend on theradiusof the
sphere
(C) the maximum kinetic energy of the electrons emanating from the sphere will keep on declining
withtime
(D) the kinetic energy of the most energetic electrons emanating from the sphere initially will be
independent of the radius of the sphere.
MP0101
Two €electrons are moving with the same speed v. One electron enters aregion of uniform electric
field whilethe other entersaregion of uniform magnetic field, then after sometimeif the de-Broglie
wavelengths of thetwo are A, and A, then select the possible option(s) :-
(A) L, =2, (B) A, > A,
(C) A, <A, (D) A, > X, 0r A, <A,
MP0102
A particlemovesin aclosed orbit around the origin, dueto acentral force whichisdirected towards
theorigin. The deBroglie wavelength of the particlevariescyclically betweentwo vaues., A, with
A, > L,. Which of the following statementsis/aretrue ?
(A) The particle could bemoving inacircular orbit with origin as centre
(B) The particlecould be moving inan élliptic orbit with origin asitsfocus.
(C) When the de Broglie wave length is)., the particleisnearer the origin than whenitsvalueisi.,.
(D) When the de Broglie wavelengthis.,, the particleis nearer the origin than whenitsvalueisa.,.
MP0103
According to Bohr’ stheory of hydrogen atom, for the el ectron in the n'" permissible orbit,

1
(A) linear momentum oc n

(B) radius of orbit oc n

1
(C) kinetic energy o< oz

(D) angular momentum o n

MP0104
The magnitude of angular momentum, orbit radius and frequency of an electron in hydrogen atom
corresponding to thequantum number nareL, r and f respectively, then according to Bohr'stheory of
hydrogen atom.

1
(A) frL iscongtant for al orbits (B) Lf o el

1 1
(C)froc — (D)Lroc?

M P0105
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65.

66.

67.

68.

A particular hydrogen like atom hasits ground state binding “energy 122.4€V. Itsisin ground state.
Then:
(A) Itsatomic number is3
(B) An electron of 90eV can exciteit.
(C) An electron of kinetic energy nearly 91.8eV can be brought to ailmost rest by thisatom.
(D) Ané€ectron of kinetic energy 2.6eV may emerge from the atom when electron of kinetic energy
125eV collideswith thisatom.

M P0106
A beam ofultraviolet light of all wavelengths passes through hydrogen gas at room temperature, in
the x-direction. Assumethat al photonsemitted dueto electron trangtion insde the gasemergeinthe
y-direction. Let A and B denote thelightsemerging fromthe gasin the x andy directionsrespectively.
(A) Some of the incident wavelengthswill be absentin A.
(B) Only those wavelengthswill be present in B which are absent in A.
(C) B will contain somevisiblelight.
(D) B will contain someinfrared light.

M P0107
In the hydrogen atom, if the reference level of potential energy is assumed to be zero at the ground
state level. Choosetheincorrect gatement.
(A) Thetotal energy of the shell increaseswith increasein the value of n
(B) Thetotal energy of the shell decrease with increasein the value of n.
(C) Thedifferenceintotal energy of any two shellsremainsthe same.
(D) Thetotal energy at the ground state becomes 13.6 eV.

M P0108
A neutron collides head-on with astationary hydrogen atom in ground state. Which of thefollowing
statements are correct (Assume that the hydrogen atom and neutron has same mass) :
(A) If kinetic energy of the neutron islessthan 20.4 eV collision must be elastic.
(B) If kinetic energy of the neutron islessthan 20.4 eV collision may beinelagtic.
(C) Indlastic collision may be take place only when initial kinetic energy of neutron is greater

than 20.4 eV.

(D) Perfectly inelastic collision can not take place.

M P0109
A free hydrogen atom in ground stateis at rest. A neutron of kinetic energy ‘K’ collides with the
hydrogen atom. After collision hydrogen atom emits two photons in succession one of which has
energy 2.55 eV. (Assumethat the hydrogen atom and neutron has same mass)
(A) minimum valueof ‘K’ is25.5eV.
(B) minimumvalueof ‘K’ is12.75 eV
(C) the other photon has energy 10.2 eV if K isminium.
(D) the upper energy level isof excitation energy 12.75eV.

MP0110
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69. Theenergy levelsof ahypothetical one electron atom are shown in thefigure

70.

71.

C 0eV
n=>5 -0.80 eV
n=4 -1.45eV
n=3 -3.08 eV
n=2 -5.30 eV
n=1 -15.6 eV

(A) Theionization potential of thisatomis15.6 V

(B) The short wavelength limit of the seriesterminating at n=2is2339 A

(C) The excitation potential for thestaten=3is12.52V

(D) Wave number of the photon emitted for thetransitionn=3ton=1is1.009 x 10" nr*
MP0111

Suppose frequency of emitted photonisf  when electron of astationary hydrogen atom jumpsfrom

ahigher statemto alower state n. If the atom ismoving with avelocity v (<< c¢) and emits aphoton

of frequency f during the sametransition, then which of thefollowing statementsarepossble:-

(A) f may beequal tof (B) f may be greater thanf

(C) f may belessthanf (D) f cannot be equal tof

MP0112
The graph between 1/A and stopping potential (V) of three metals having work functions¢,, ¢, and
¢, 1nan experiment of photo-electric effect is plotted as showninthe figure. Which of thefollowing
statement(s) is/are correct? [Here A isthe wavelength of theincident ray]. [JEE 2006]

A

V
metal 1 metal 2 metal 3

0
0.001 0.002 0.004 1/A pm

(A) Ratio of work functions ¢, : ¢, ¢p,=1:2:4
(B) Ratio of work functions¢, 1 ¢,: ¢p,=4:2:1
(C) tan 6 isdirectly proportional to hc/e, where hisPlanck’ s constant and c isthe speed of light

(D) Theviolet colour light can g ect photoelectronsfrom metals 2 and 3.
MP0113
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MATRIX MATCH TYPE QUESTION
72. Some quantities related to the photoelectric effect are mentioned under Column | and Column 11.
Match each quantity in Column | with the corresponding quantitiesin Column I onwhich it depends
Column-I Column-I1
(A) Saturation current (P) Frequency of light
(B) Stopping potential (Q) Work function
(C) de-Brogliewavelengthof photoelectron (R) Areaof photosensitiveplate
(D) Forceduetoradiationfalingonthe (S Intengty of light (at congtant frequency)
photo—plate.
(T) Noneof these
MP0114
73.  Whenwewriteexpression for energy of eectronin n orbit of heliumion (He") wetake zero potential
energy for n = o, but the potential energy depends on reference. If we take total energy of atom for
n =1 orbit aszero then
Column— Column-|
(A) Total energy of electroninn=2 (P 544ev
(B) lonization energy from ground state (Q) 40.8eV
(C) Energy requiredtoexitelectronfromn=1ton=2 (R) dependsonreferencelevel
(D) Negativeof potential energy of electroninn=1 (S independent of referencelevel.
(T) 70.3eV
MPO0115
74. Ineachsituation of column—l aphysical quantity related to orbiting electronin ahydrogen like atom
isgiven. Theterms'Z' and 'n" given in column—l | have usua meaning in Bohr's theory. Match the
quantitiesin column—l with the termsthey depend onin column- 1 :-
Column-I Column-I11
(A) Frequency of orbiting e ectron (P) Isdirectly proportional to Z2
(B) Angular momentum of orbiting electron (Q) Isdirectly proportional ton
(C) Magnetic moment of orbiting electron (R) Isinversely proportional ton®
(D) Theaverage current dueto orbiting of (S Isindependent of Z
electron (T) Noneof these
MPO0116
5. Matchtheentriesof column—l with the entriesof column-| :-
Column-I Column-I11
()  Characteristic X-ray (P) Inverseprocessof photoelectric effect
(1)  Photoelectric effect (Q) Emissionof electrons
(111)  Thermo-ionic emission (R) Mosdey'slaw
(IV) Continuous X-ray (S Emissonof radiations

Then choosethe correct matching.
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76.

(A) () =>(R) ; (i) > (RS) ; (iii) >(S) ; (iv) >(PS)
(B) (i) >(RS); (ii) = (Q) ; (iii) >(Q) ; (iv) >(PS)
(©) (1) =>(RS); (ii) = (S ; (iii) >(5) ; (iv) >(PRS)
(D) (i) >(RY); (i) = (Q) ; (iii) =>(Q) ; (iv) >(PRS)
MPO117
Jv versus Z graph for characteristic X—rays is as shown in figure. Match the following (assume

screening constant for K and K, issameand forL & L, ISsame) :-

W
2 3
///4
& & >7

Column-I Column-I1
(A) Line—1 P L,
(B) Line—2 (Q Ly
© Line—3 (R) K,
(D) Line—4 S Ky
(M Both K, and L,

MPO0118
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EXERCISE (O-2)

SINGLE CORRECT TYPE QUESTIONS

The maximum kinetic energy of photo-electron liberated from the surface of lithium (work function
= 2.35¢eV) by electromagnetic radiation whose el ectric component varieswith time as
E =4a[1 + cog(2nf t)] cos(2nf.t) where'd isaconstant, f, = 3.6 x 10 Hzand f,=1.2x 10" Hz is
[Take: h=6.6 x 10 J-
(A)2.6eV (B) 7.55 eV (C)125eVv (D) 17.45 eV

MP0119
A photocel | inthe saturation modeisirradiated by light of wavelength A = 6600 A. The corresponding
spectral sensitivity of thecell iss = 4.8 mA/W. Find theyield of photoelectrons, i.e. the number of
photoel ectrons produced by each incident photon. [Take: h=6.6 x 1034 J-5]
(A) 9% 102 (B) 9 x 10+ (C)9x103 (D)9

MP0120
An a-particle having a de Broglie wavelength 2, collides with a stationary carbon nucleus. The
a-particle moves of f in adifferent direction as shown below.

final direction of a-particle
/de Broglie wavelength 2,

initial direction of a-particle
de Broglie wavelength &, =

final direction of carbon nucleus
de Broglie wavelength A,

After the collision, the de Broglie wavelength of the o-particle and the carbon nucleusare A, and .
respectively. Which of thefollowing relationsabout de Broglie wavelengthis correct ?
(A) A <A (B) A; > A, (C) A=A (D) & = A,

MP0121
Choosethe correct statement(s) for hydrogen and deuterium atoms (considering motion of nucleus)
(A) Theradiusof first Bohr orbit of deuterium islessthan that of hydrogen
(B) The speed of electronin thefirst Bohr orbit of deuterium is more than that of hydrogen.
(C) Thewavelength of first Balmer line of deuterium is morethan that of hydrogen
(D) The angular momentum of electron in the first Bohr orbit of deuterium is more than that of

hydrogen.
M P0122
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10.

11.

Apply Bohr’ satomic model to alithium atom. Assuming that itstwo K-shell electronsaretoo closeto
nucleus such that nucleus and K-shell eectron act asanucleus of effective positive charge equivalent
to electron. Theionization energy of itsoutermost electroniis:-
(A) 30.6 eV (B) 34eVv (C) 324 eV (D) 13.6 eV

MP0123

The attractive potential for an atomis given by v = v,In(r/r,), v, and r, are constant and r is the
radius of the orbit. Theradiusr of the nt" Bohr's orbit depends upon principal quantum number n as:
[JEE' 2003 (Scr)]

(A)rocn (B) roc 1/n? (C)rocn? (D) roc 1/n
MP0124
A force of attraction between the positively charged nucleus and the negatively charged electron in

ke?
the hydrogen atomisgiven by F = 2 where k isthe constant. The electron, initially movingin a

circle of radius R, about the nucleus, jumps suddenly into a circular orbit of radius R,. The total
energy of the atom decreased in this processis :-

2
L R IR N B CYE e CLG Bt
1 2 2 1 2 1 1 2

M P0125
A stationary hydrogen atom of massM emits a photon corresponding to the longest wavelength of
Balmer series. The recoil velocity acquired by the atom is (R = Rydberg constant and h = plank's
constant)
) ®) Chas ©) —"

M 4AM 4 M 36 M

M P0126
L et the potential energy of a hydrogen atom in the ground state be zero. Then its energy in the first
excited statewill be:
(A) 10.2eVv (B) 13.6eV (C) 23.8eVv (D) 27.2eV

MP0127
Hydrogen atomsin ground state are excited by monochromatic radiation of wavelength 975 A. The
number of liensin the resulting spectrumwill be:
(A)3 (B) 4 (C)6 (D) 10

MP0128
Therelation between 2, : wavelength of serieslimit of lyman i, : thewavelength of the serieslimit of
Balmer seriesand A, : thewavelength of first line of lyman seriesis
(A) L =X, + A, (B) A=A, + A, C) A, =h, =2, (D) none

M P0129
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12. A hydrogen like gas atomsabsorb radiations of wavelength 2,  and consequently emit radiationsof 6
difference wavelengths of which, three wavelengths are shorter than . Choose the correct
dternative(s).

(A) Thefinal excited state of the atomsisn = 3.
(B) Thefinal excited state of the atomsisn=4.
(C) Theinitial state of theatomsisn =1.
(D) Theinitial state of theatomsisn=3.

M P0130
13. According to the Bohr theory of the hydrogen atom, electron starting in the 4th energy level and
eventually ending in the ground state could produce atota of how many linesin the hydrogen spectra?
(A7 (B) 6 (©)5 (D) 4
(E)3
MP0131
14. When anelectron accelerated by potentia difference U isbombarded on a specific metal the emitted
X-ray spectrum obtained is shown in adjoining graph. If the potentia differenceisreduced to U/3, the
correct spectrumis:-

X-ray intensity K,

| 4

) ® ~—~ © (D)

»

>V
>V
>V

MP0132
15.  Inan X-ray experiment target is made up of copper (Z =29) having someimpurity. The K _line of
copper have wavelength 2. It was observed that another K _ line due to impurity have wavelength

784 _ . . ,
65 Ay . The atomic number of theimpurity element is
(A) 22 (B) 23 (C) 24 (D) 26

MP0133
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16.

17.

18.

19.

20.

MULTIPLE CORRECT TYPE QUESTIONS

In aphotoelectric effect experiment, if f isthe frequency of radiationsincident on the metal surface

and | istheintensity of theincident radiations, then choosethe correct statement(s).

(A) If fisincreased keeping | and work function constant then maximum kinetic energy of photoelectron
increases.

(B) If distance between cathode and anodeisincreased stopping potential increases

(C) If I isincreased keeping f and work function constant then stopping potential remains same and
saturation current increases.

(D) Work function isdecreased keeping f and | constant then stopping potential increases

MP0134
When amonochromatic point-source of light isat adistance of 0.2 mfrom asmall photoelectric cell,
the stopping potential and the saturation current are respectively 0.6 volt and 18.0 mA. If the same
sourceisplaced 0.6 m away from the photoel ectric cell, then :-
(A) The stopping potential will be 0.2 volt (B) The stopping potential will be 1.8 volt
(C) The saturation current will be 6.0 mA (D) The saturation current will be 2.0 mA

MPO0135
Thecollector of the photocell (in photod ectric experiment) ismade of tungsten whiletheemitter isof
Platinum having work function of 10 eV. Monochromatic radiation of wavelength 124 A & power
100 watt isincident on emitter which emits photo electrons with a quantum efficiency of 1%. The
accel erating voltage across the photocel | is of 10,000 volts (Use: hc = 12400eV A)
(A) The power supplied by the accelerating voltage source is 100 watt
(B) Theminimum wavelength of radiation coming from the tungsten target (collector) is1.23 A
(C) The power supplied by the accelerating voltage sourceis 10 watt
(D) The minimum wave ength of radiation coming from the tungsten target (collector) is2.23 A

M P0136
Light of wavelength ., & A, are falling on two metal surface A & B. For wavelength 2. electron
gjected from both the surfaces and for wavelength ., electron gjected from only surface B. On the
basis of these facts which one of thefollowing is afal se statement
(A) moreenergy isrequired for g ection of electron from metal ‘A’
(B) A, >2,
(C) threshold wavelength for A isgreater than B
(D) energy of electron gected from metal A will be greater than electron gjected from metal B for

wavelength A

MP0137
The accelerating potential (V) applied between aphotocathode and the respective anodeissuch that
the fastest photoel ectron can fly only onefourth of the distance between the cathode and the anode. If
the distance between photocathode and anode is reduced to (1/4)™" of the original value while
maintaining the accelerating potential congtant, then
(A) Thefastest electron will reach the anode
(B) Thefastest electron will reach upto one fourth of the new distance between the cathode and the

anode
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(C) Kinetic energy of the fastest photoelectron emitted from photocathode will not change due to
changein plate separation (keeping V constant)
(D) Kinetic energy of thefastest photod ectron will increase dueto decreasein plate separation (keeping
V constant)
MPO0138
21. Fortheelectroninthentorbit of hydrogen atom. Under the assumption of the Bohr'satomic model
choosethe CORRECT option(s) (Herenisthe principal quantum number) :-
(A) Frequency of the electronisinversely proportional to n
(B) The magnitude of potential energy of the electron in an orbit isgreater than itskinetic energy
(C) Magnetic induction at the nucleus produced due to the motion of electron in the n' orbit is
proportional ton®
(D) Magnetic moment produced dueto the motion of electron in thenorbit isproportional to n
M P0139
22. Energy liberated in the de-excitation of hydrogen atom from 3 level to 1% level falls on a photo-
cathode. Later when the same photocathode is exposed to a spectrum of some unknown hydrogen
like gas, excited to 2" energy level, it is found that the de-Broglie wavelength of the fastest
photoel ectrons, now gected has decreased by afactor of 3. For thisnew gas, difference of energiesof
2" Lyman line and 1% Bamer lineisfound to be 3 timestheionization potential of the hydrogen
atom. Select the correct gatement(s) :
(A) Thegasislithium
(B) Thegasishelium
(C) Thework function of photocathodeis8.5 eV
(D) Thework function of photocathodeis5.5 eV
M P0140
23. Aneéelectron of thekinetic energy 10eV collideswith ahydrogen atomin 1st excited state. Assuming
loss of kinetic energy inthe collison to be quantized, thecollision :
(A) may be perfectly inelastic (B) may beinelastic
(C) may beelagtic (D) must beinelastic
MP0141
24.  An X-ray tube hasthree main controls.

(i) thetarget material (itsatomic number Z)
(i) thefilament current (1)

(iii) theaccelerating voltage (V)
Figure showsatypica intensity distribution against wavelength. //\\
Which of thefollowingis CORRECT?

(A) Thelimit__isproportional to V- Arnin 7»
(B) The sharp peak shiftsto theright asZ isincreased

(C) The penetrating power of X-ray increasesif V isincreased

(D) Theintensity everywhereincreasesif filament current | isincreased

MP0142
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COMPREHENSION TYPE QUESTIONS
Paragraph for Question 25to 27
A mercury arc lamp provides 0.1 watt of ultra-violet radiation at awavelength of A = 2537 A only.
The photo tube (cathode of photo electric device) consists of potassium and has an effective area of
4 cm?. The cathode islocated at a distance of 1m from the radiation source. The work function for
potassiumis¢,=2.22 €V.

25. Accordingtoclassical theory, theradiation from arc lamp spreadsout uniformly in space as spherical
wave. What time of exposure to the radiation should be required for apotassum atom (radius 2A) in
the cathode to accumul ate sufficient energy to gject aphoto-electron ?

(A) 352 second (B) 176 second (C) 704 seconds (D) Notimelag

MP0143
26. Towhat saturation current doestheflux of photonsat the cathode correspondsif the photo conversion
efficiency is5%.

(A) 325nA (B) 10.15nA (C) 65nA (D) 3.25nA
MP0143
27.  What isthe cut off potential V,?
(A) 26.9V (B) 2.69V (©) 135V (D) 5.33V
MP0143

Paragraph for question nos. 28to 30
The circuit shown is placed in vacuum. Both the capacitors are identical and they have the same
capacitance C. Light isincident on the left plate of the upper capacitor. When all the switches are
openthenthehf versusKE __ isshown by thestraight line (A). Inall the cases, we are measuring the
KE, . whenthe electron reachesthe opposite plate.

Whenonly S, the switches and S, are closed, the graph becomes (B).
Whenonly S, and S, are closed then the graph becomes (C).

28. What isthework function of the cathode?
(A E (B) E, (C)E+E, (D) none of these
M P0144
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29.

30.

31

32.

What isthe value of eV?
(A)E (B) E,
What isthe value of El?

(A) 3E (B) 3E/2 (C) E/2

(C)E+E,

(D) none of these
MP0144

(D) none of these
MP0144

Paragraph for Question. 31to 33
While conducting hisdoctoral research intheoretical physicsand with no experimental evidenceto
go on, de Brogliereasoned by analogy with Einstein’ sequation E = hf and with some of theideas of
histheory of relativity. The details need not concern us, but they led de Broglieto postulate that if a
materia particle of momentum p = mv hasawave-like nature, then itswavel ength must be given by

h h

A =—=— wherehisPlanck’ sconstant. Thisiscalled the de-Broglie wavel ength.

p mv

de-Broglie considered amatter waveto beatraveling wave. But supposethat a“ particle’ of matter is
confined to a small region of space and cannot travel. How do the wave-like properties manifest
themselves? Thisistheproblem of “aparticlein abox.” Figure showsaparticle of massm movingin
onedimension asit bouncesback and forth with speed v between the endsof abox of length L. We'll
call thisaone-dimensiona box; its width isn’t relevant. A particle in a box creates a standing de

Brogliewave asit reflects back and forth.

L

A

v

me——V

L

&
<

»
»

=

Matter waves travel in both directions.

What should be de-Broglie wavelength of confined particlein the box [here neN]

L 2L L
(A) on (B) "y © ™

Confined particle’ senergy isgiven by

nh?

2mL?

2n’h? c n*h?
mLZ ( ) 8n.L2

(A) (B)

(D) nL

MP0145

nh?
amL?

(D)

MP0145
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33. Consder anail drop from Millikan' soil drop experiment having diameter 1 um confined between the
plates separated by 10 um. Density of oil is900 kg/m3. What isminimum energy of suchan oil drop?
[Given: h=6.63 x 10 Jq]

(A) 24 %10 ] (B) 1.2x10%J (C)3.6x10%J (D) 4.8x 10 J

MP0145

Paragraph for Question Nos. 34 to 36
Let apencil of electrons from a suitable gun G enter through orifice in an enclosed metal box A,
which has potential V relative to filament of the gun. Let these electrons emerge from A through
orificeb and enter through c to another box B, which ismaintained at apotentia V + AV. Theelectric
field between the two boxes changesthe component of velocity of the electrons perpendicular to the
adjacent surface, and the el ectronsenter B with achangein their direction of motion. Letv, and v, be
thevelocitiesof the eectronsin A and B, respectively, and 6, , 0, theangles between thesedirections

A B
and the normal to the box faces at b and c. Since the electric field does not change the horizontal
component of velocity,
sinB, _ vy

vAsmeszBsmeB

sing, v,

V + AV

The "refraction" of a pencil of electrons

Now if we dealing with light waves undergoing refraction, or any other kind of wave, the relation
would be
sinB, _ U,

sno, —H= Ug
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where pistherelativerefractiveindex of thetwo mediaand u,, u, arethe corresponding vel ocities of
. . uA VB .
light wave. Comparison of the last two equations givesthe result 0. = v Wemay concludethat if
B A
matter waves follow the electron along its path, the wave speed u is inversaly proportional to the
b
speed v of the electron, or u = v
u

34. |If wedefinethe frequency of matter wavesasf = o the

(A) Frequency of matter wavesin medium A is more than that in medium B

(B) Frequency of matter wavesin medium A islessthan that in medium B

(C) Frequency of matter wavesin medium A issame asthat in medium B

(D) Cannot be predicted

M P0146

35. SupposeV, =20 volt and V= 15 volt. Choose the CORRECT statement :-

(A) The speed of electrons aswell as speed of matter wavesinside box B ismore

(B) The speed of electrons aswell as speed of matter wavesinside box B isless

(C) The speed of electronsinside the box B ismore, but speed of matter wavesin box B isless

(D) The speed of electronsinside the box B isless, but speed of matter wavesin box B ismore

M P0146
c

36. Therefractiveindex for matter waves can be defined as m where c issome constant. So refractive

index for matter waves
(A) isinversely proportional toA (B) isindependent of A
(C) isdirectly proportional of A (D) isproportional to /3,

MP0146
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EXERCISE (JM)

1.  Supposean electronisattracted towardsthe origin by aforce % where‘k’ isacosntant and 'r' isthe

distance of the electron from the origin. By applying Bohr model to this sytem, the radius of the n™
orbital of theelectronisfoundtobe‘r ' and the kinetic energy of theelectrontobe’T . Then which

of thefollowing istrue? [AIEEE - 2008]
(1) T, oe oty (2) T_independent of , r, « n
1 1
3 Tnocﬁ, r ocn 4) Tnocﬁ, r ocn? M P0147
2. Thetransigion from the staten = 4 to n = 3 in ahydrogen like atom resultsin ultraviol et radiation.
Infrared radiation will be obtained in thetransition from :- [AIEEE - 2009]
@D4->2 (205->4 R2-1 43->2
MP0148

3. The surface of ametd isilluminated with the light of 400 nm. The kinetic energy of the gected
photoel ectrons was found to be 1.68 eV. The work function of the metal is: (hc = 1240 eV-nm)
[AIEEE - 2009]
(1) 151ev (2) 1.68eV (3) 3.09 eV (4)141ev
MP0149
Directions : Question number 4 contain Statement-1 and Statement-2. Of the four choices
given after the satements, choosetheonethat best discribesthetwo statements.

4.  Statement-1: When ultraviolet light isincident on aphotocell, its stopping potential isV, and the
maximum kinetic energy of the photoelectronsisK ... When the ultraviolet light isreplaced by X-
rays, both V, and K., increase.

Statement-2 : Photoel ectrons are emitted with speedsranging from zero to amaximum value because
of therangeof frequencies present intheincident light. [AIEEE - 2010]
(1) Statement—1 istrue, Statement—2 isfase

(2) Statement—1 istrue, Statement—2 istrue; Statement—2 isthe correct explanation of Statement—1
(3) Statement—1 istrue, Statement—2 istrue; Statement—2 isnot the correct explanation of Statement—1
(4) Statement—1 isfalse, Statement—2 istrue

M P0150
5. If asourceof power 4kW produces 102° photons/second, the radiation belongsto apart of the spectrum
caled :- [AIEEE - 2010]

(1) y-rays (2) X-rays (3) ultraviolet rays (4) microwaves
M P0151
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10.

Energy required for theeectron excitation in Li** from thefirst to the third Bohr orbit is:-
[AIEEE-2011]

(1) 108.8 eV (2) 122.4 eV (3)12.1ev (4) 36.3eV

M P0152
This question has Statememtn-1 and Statement-2. Of the four choices given after the statements,
choose the one that best describes the two statements.
Statement—1 : A metallic surfaceisirradiated by amonochromatic light of frequency v > v, (the
threshold frequency). The maximum kinetic energy and the stopping potential are K., and V,
respectively. If the frequency incident on the surface is doubled, both the K., and V, are aso
boubled.
Statement-2 : The maximum kinetic energy and the stopping potentia of photoel ectrons emitted
from asurface arelinearly dependent on the frequency of incident light. [AIEEE-2011]
(1) Statement—1istrue, Statement—2 istrue, Statement—2 isnot the correct explanationof Statement—1
(2) Statement—1 isfa se, Statement—2 istrue
(3) Statement—1 istrue, Statement—2 isfase

(4) Statement—1 istrue, Statement—2 istrue, Statement—2 isthe correct explanation of Statement—1

MPO0153
Hydrogen atomisexcited from ground state to another statewith principal quantum number equal to
4. Then the number of spectral linesin the emission spectrawill be:- [AIEEE-2012]
(1)6 (22 (33 (45
MP0154
The anode voltage of photocell iskept fixed. The wavelength A of thelight falling on the cathodeis
gradually changed. The plate current | of the photocell variesasfollows: [AIEEE-2013]
I I I I
1) 2 ©) (4)
@) = @) = @) = @) =
M PO0155

In ahydrogen like atom electron makes transition from an energy level with quantum number n to
another with quantum number (n-1). If n>> 1, the frequency of radiation emitted isproportional to:

[JEE Main-2013]

OF @ % @3 @5

M P0156
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11.

12.

13.

14.

As an electron makes a transition from an excited state to the ground state of a hydrogen - like
atom/ion: [JEE Main-2015]

(2) kinetic energy decreases, potential energy increases but total energy remains same
(2) kinetic energy and total energy decrease but potential energy increases
(3) itskinetic energy increases but potential energy and total energy decreases

(4) kinetic energy, potential energy and total energy decrease

M P0157
Match Ligt-I (Fundament Experiment) with List-11 (itsconclusion) and sel ect the correct option from
the choices given below thelist : [JEE Main-2015]
List-1 List-11
(A) | Franck-Hertz (i) |Particle
Experiment. nature of light
(B) | Photo-electric (iiiy | Discrete
experiment energy levels
of atom

(C) | Davison-Germer | (iii) | Wave nature

Experiment of electroc
(iv) | Structure of
atom
(1) A-ii, B-i, C-iii (2) A-iv, B-iii, C-ii
(3) A-i, B-iv, C-iii (4) A-ii, B-iv, C-iii

MP0158

Radiation of wavelength A, isincident on aphotocell. Thefastest emitted el ectron has speed v. If the

3\ . . .
wavelength of changed to 7 the speed of the fastest emitted electron will be :-[JEE M ain-2016]

o ey el el

MP0159

An electron beam is accelerated by a potential difference V to hit a metallic target to produce
X-rays. It producescontinuousaswell ascharacteristic X-rayslf 2 isthesmallest possblewavelength
of X-ray inthe spectrum, thevariation of log . withlogV iscorrectly represented in
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[JEE Main-2017]
Iog )\‘min Iog )\‘min’
(1) (2)
log VvV - >slogV
Iog )\‘min Iog )\‘min
(3 (4)
log VvV log VvV
M P0160
15. Someenergy levels of amolecule are shownin thefigure. Theratio of thewavelengthsr =2 /A, is
given by : [JEE Main-2017]
-E
4 l Ao
[ E B T A )
3
A
_2E A 4
—3E—
3 1 4 2
@)r=7, @) r=3 @) r=3 4 r=3
MP0161
16. A particle A of massmand initial velocity v collideswith aparticle B of mass % whichisa rest. The
collisonishead on, and éastic. Theratio of the de-Brogliewavelengths A, to A fter thecollisonis:
[JEE Main-2017]
Ay 2 Ay 1 Ao 1 Xa
A== A== Zh = “A=2
M7 73 @772 (35573 Chw
M P0162
17.  If the serieslimit frequency of the Lyman seriesis v, then the serieslimit frequency of the Pfund
seriesis: [JEE Main-2018]
(1) 16v, (2) v, /16 (3) v, /25 (4) 25v,

MP0163
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EXERCISE (JA)

1.  Whichoneof thefollowing statementsisWRONG in the context of X-raysgenerated from aX-ray
tube ? [JEE 2008]
(A) Wavelength of characteristic X-rays decreases when the atomic number of the target increases
(B) Cut-off wavelength of the continuous X -rays depends on the atomic number of the target
(C) Intensity of the characteristic X-rays depends on the electrical power given to the X-raystube
(D) Cut-off wavelength of the continuous X-raysdepends on the energy of the e ectronsinthe X-ray tube

MP0164
Paragraph for Question Nos. 2to 4

Inamixtureof H—-He* gas(He" issingly ionized Heatom), H atomsand He" ionsareexcited to their
respectivefirg excited states. Subsequently, H atomstransfer their total excitation energy to He" ions

(by collisions). Assumethat the Bohr model of atom isexactly valid. [JEE 2008]
2. Thequantum number n of the state finally populated in He" ionsis
(A)2 (B) 3 (C) 4 (D) 5
M P0165
3.  Thewavelength of light emitted in the visibleregion by He* ions after collisionswith H atomsis
(A)6.5x 107" m (B)5.6x 10" m (C)4.8x10"'m (D) 4.0x 10" m
M P0165

4.  Theratio of thekinetic energy of then = 2 electron for the H atom to that of He* ionis

1 1
(A) 5 ®) (©1 (D)2

MPO0165

Paragraph for Question Nos. 5to 7
When aparticle isrestricted to move along x-axis between x = 0 and x = a, where aisof nanometer
dimension, its energy can take only certain specific values. The alowed energies of the particle
moving in such arestricted region, correspond to the formation of standing waveswith nodesat its
endsx =0and x =a. Thewavelength of this standing waveisrelated to thelinear momentum p of the
particle according to the de Broglierelation. Theenergy of the particle of massmisrelated toitslinear

2

momentum as E = zp—m . Thus, the energy of the particle can be denoted by a quantum number ‘n’

taking values 1,2,3, ... (n =1, called the ground state) corresponding to the number of loopsin the

standing wave. Usethe model described above to answer the following three questionsfor aparticle

movinginthelinex=0tox=a Takeh=6.6 x 10** Jande=1.6 x 1019 C. [JEE-2009]
5.  Theallowed energy for the particlefor aparticular value of nisproportional to

(A) a? (B) ad? (C)at (D) &
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M P0166
6. If themassof theparticleism=1.0 x 10-3 kg and a= 6.6 nm, theenergy of the particleinitsground
stateisclosestto:
(A) 0.8 meV (B) 8 meV (C) 80 meV (D) 800 meV
M P0166
7.  Thespeed of the particle, that can take discrete values, is proportional to
(A) m¥2 (B)nt (C) nt2 (D)n
M P0166

8.  Photoelectric effect experiments are performed using three different metal plates p, g and r having
work functions ¢p =20eV, ¢q =25¢€V and ¢, = 3.0 eV, respectively. A light beam containing
wavelengths of 550 nm, 450 nm and 350 nm with equal intensitiesilluminates each of the plates. The

correct -V graph for the experiment is: [JEE-2009]
| |
p
q
(A) r (B) p
L V r V
| |
r
C ! D
© p G
\Y : \Y
M P0167

9. Ano—particle and aproton are accelerated from rest by a potential difference of 100 V. After this,

their de Broglie wavelengthsare | and xp respectively. Theratio ;”—p , tothe nearest integer, is

[JEE 2010]
MPO0168
Paragraph for Question Nos. 10to 12
The key feature of Bohr’s theory of spectrum of hydrogen atom is the quantization of angular
momentum when an electron isrevolving around aproton. Wewill extend thisto agenerd rotational
motion to find quantized rotational energy of adiatomic molecule assumingit to berigid. Theruleto
be applied isBohr’ s quantization condition. [JEE 2010]
10. A diatomic molecule has moment of inertial. By Bohr’ squantization condition itsrotational energy
inthenlevel (n=0isnot alowed) is

Wil e el e

M P0169
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12.

13.

14.

15.

It isfound that the excitation frequency from ground to thefirst excited state of rotation for the CO

4
moleculeiscloseto —x 10" Hz. Then the moment of inertiaof CO molecule about its center of mass
iscloseto [Takeh =2n x 103 J9)

(A) 2.76 x 10 kg m? (B) 1.87 x 10 kg m?
(C) 4.67 x 10 kg m? (D) 1.17 x 10* kg m?
M P0169
In a CO molecule, the distance between C (mass= 12 am.u.) and O (mass= 16 am.u.),
_ 3) -27 .
wherelam.u. = :—3><10 kg, iscloseto
(A) 2.4 x 10™°m (B) 1.9 x 10°m (C) 1.3 x 10%°m (D) 4.4 x 10 'm
M P0169

)
versust. Here

To determinethe half life of aradioactive d ement, astudent plotsagraph of /n

(
dt

dN (t
dt( ) Isthe rate of radioactive decay at timet. If the number of radioactive nucle of thiselement
decreases by afactor of p after 4.16 years, thevalueof pis [JEE 2010]
dN(t)
2 T o

MP0170
The wavelength of the first spectral line in the Balmer series of hydrogen atom is 6561 A. The
wavelength of the second spectral lineinthe Balmer series of singly-ionized helium atomis
[JEE 2011]
(A) 1215 A (B) 1640A (C) 2430A (D) 4687A

MPO171

A silver sphere of radius 1 cm and work function 4.7 eV is suspended from an insulating thread in
free-space. It isunder continuous illumination of 200 nm wavelength light. As photoelectrons are
emitted, the sphere gets charged and acquiresa potential. The maximum number of photoel ectrons
emitted from the sphereisA x 10% (where 1 < A <10). Thevalueof ‘Z’ is [JEE 2011]

MPO172
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17.

18.

19.

20.

21.

22.

A proton isfired from very far away towards a nucleus with charge Q = 120 e, where e is the
electronic charge. It makesa closest approach of 10 fm to the nucleus. Thede Broglie wavelength
(in units of fm) of the proton at its start is (Take : The proton mass, m, = (5/3) x 107 Kg;

1
_ -15 )
h/le=4.2 x 10 J9/C; Are

=9x10°m/F; 1fm=10"m) [JEE 2012]

0

MPO0173
Thework functionsof Silver and sodium are4.6 and 2.3 €V, repetitively. Theratio of the dope of the
stopping potential versusfrequency plot for Silver to that of Sodiumiis. [JEE Advanced-2013]

MP0174
Theradiusof theorbit of an electroninaHydrogen-likeatomis4.5 g, wherea, isthe Bohr radius. Its

. . 3h . . .
orbital angular momentumis o Itisgiventhat hisPlanck constant and R isRydberg congtant. The

possiblewavelength (s), when the atom de-excites, is(are) :- [JEE Advanced-2013]
9 9 9 4
(A) 2R (B) Ter ©) == D) 35
MP0175
Consider ahydrogen atom withitselectroninthen™ orbital. An electromagnetic radiation of wavelength
90 nmisused toionizetheatom. If thekinetic energy of the g ected ectronis10.4 eV, then thevalue
of nis(hc=1242 eV nm). [JEE Advanced-2015]

MPO176

Planck's constant h, speed of light ¢ and gravitational constant G are used to form aunit of length L
and aunit of mass M. Then the correct option(s) is(are) :- [JEE Advanced-2015]

(A) Moc~c (B) M «/G (©) Lecvh (D) L G

MPO177
For photo-electric effect withincident photon wavelength 1, the stopping potential isV . Identify the
correct variation(s) of V with A and 1/A. [JEE Advanced-2015]

vV, vV, vV, vV,
(A) ‘ § (B) ‘ : © ‘ i (D) ‘ i
A A 1 1
MP0178

An electronin an excited stateof Li** ion hasangular momentum 3h/2r. The de Broglie wavelength
of the electron in this state is prg, (where g, isthe Bohr radius). Thevalueof pis

[JEE Advanced-2015]
MP0179
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23.

24,

25.

26.

Inahigtorical experiment to determine Planck's constant, ameta surface wasirradiated withlight of
different wavelengths. The emitted photoel ectron energies were measured by applying a stopping
potential. Therelevant datafor the wavelength (1) of incident light and the corresponding stopping

potential (V) aregiven below: [JEE Advanced-2016]
A(um)  V,(Volt)
0.3 20
0.4 1.0
0.5 0.4

Giventhat c =3 x 10° ms ™ and e = 1.6 x 10°C, Planck's constant (in units of Js) found from such
anexperimentis:
(A) 6.0 x 107 (B) 6.4 x 10°* (C) 6.6 x 10°* (D) 6.8 x 10°*

M P0180
Highly excited statesfor hydrogen likeatoms (al so called Rydberg states) with nuclear chargeZe are
defined by their principal quantum number n, where n >> 1. Which of the following statement(s) is
(are) true? [JEE Advanced-2016]

(A) Relative changein theradii of two consecutive orbitals does not depend on Z
(B) Relative changein theradii of two consecutive oribitalsvariesas 1/n
(C) Relative changein the energy of two consecutive orbitalsvariesas 1/n’
(D) Relative changein the angular momenta of two consecutive orbitalsvariesas 1/n

MP0181
A hydrogen atom in its ground state is irradiated by light of wavelength 970 A. Taking
hc/e=1.237 x 10° eV m and the ground state energy of hydrogen atom as—13.6 €V, the number of
lines present inthe emission spectrumis [JEE Advanced-2016]

M P0182
Light of wavelength xph falls on a cathode plate inside a vacuum tube as shown in the figure. The
work function of the cathode surfaceis ¢ and the anode isawire mesh of conducting material kept at
adistance d from the cathode. A potential differenceV is maintained between the electrodes. If the
minimum de Broglie wavelength of the electrons passing through the anode is A, which of the
following statement(s) is(are) true ? [JEE Advanced-2016]

FHJ_HJJI:'i—ght
>
f _— — —> —_—
Electrons
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27.

28.

29.

30.

(A) For large potential difference (V >> ¢/€), A isapproximately halved if V ismade four times
(B) A, increases a the same rate as A for A < hc/
(C) A, isapproximately halved, if disdoubled
(D) A decreaseswith increasein ¢ and -

MP0183
An €electron in a hydrogen atom undergoes a transition from an orbit with quantum number n, to
another with quantum number n.. V. and V, arerespectively theinitial and final potential energies of

Vi
theelectron. If IV 6.25 then the smallest possiblenis. [JEE Advanced-2017]

f

MP0184

hc
A photoel ectric material having work-function ¢, isilluminated with light of wavelength A [X < ¢_j :
0

The fastest photoelectron has a de-Broglie wavelength A . A change in wavelength of the incident
light by AX resultsinachange A in A . Thentheratio AX /AL isproportional to

[JEE Advanced-2017]

(A) L3102 (B) A3/ (C) A3/2? (D) A/

M P0185
In aphotoel ectric experiment aparalld beam of monochromatic light with power of 200 W isincident on
aperfectly absorbing cathode of work function6.25 eV. Thefregquency of light isjust abovethethreshold
frequency sothat the photoe ectronsare emitted with negligiblekinetic energy. Assumethat the photoe ectron
emission efficinecy is100% A potential differenceof 500V isapplied between the cathode and the anode.
All the emitted el ectrons are incident normally on the anode and are absorbed. The anode experiencesa
forceF=nx 10N dueto theimpact of thedectrons. Thevaueof nis........ Massof theelectronm_=9
x 10 kgand 1.0eV =1.6 x 10™° J.? [JEE Advanced-2018]

M P0186
Consider ahydrogen-like ionized atom with atomic number Z with asngle electron. In the emisson
gpectrum of this atom, the photon emitted in the n = 2 to n = 1 transtion has energy 74.8 eV higher
than the photon emitted in the n = 3 to n = 2 trangtion. The ionization energy of the hydrogen atom

iIs13.6eV. Thevalueof Zis............. : [JEE Advanced-2018]
MP0187
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31

32.

\ 4
A free hydrogen atom after absorbing a photon of wavelength A, gets excited from the staten=1to

the state n = 4. Immediately after that the eectron jumps to n = m state by emitting a photon of
wavelength . Let the change in momentum of atom due to the absorption and the emission are

1
Ap, and Ap_, respectively. If L /A= 5 Which of the option(s) iS/are correct ?

[Usehc=1242 eV nm; 1nm = 10-°m, h and c are Planck's constant and speed of light, respectively]
[JEE Advanced-2019]

(DA, =418nm
1
(2) Theratio of kinetic energy of the electroninthe staten=mtothestaten=1is —

4
B m=2

| =

(4) Ap/8p,=

MP0188

A perfectly reflecting mirror of mass M mounted on a spring constitutes a spring-mass system of

4tMQ
h

A =8n x 10°m strike themirror smultaneously at normal incidence such that themirror getsdisplaced
by 1um. If thevalue of N isx x 102, then thevalue of x is .
[Consider the spring as massl ess] [JEE Advanced-2019]

angular frequency Q such that =10*m2with hasPlanck'sconstant. N photons of wavelength

Light

ASSSRANIRRRARNNNNY

Mirror

M P0189



Modern Physics-1

10.

CBSE PREVIOUS YEAR'S QUESTIONS

Two metals A and B have work functions 4eV and 10 eV respectively. Which metal has lower
threshold wavelength’ ? [1; CBSE-2004]
Red light, however bright it is, cannot produce the emission of electrons from a clean zinc surface.
But even weak ultraviol et radiation can do so. Why?

X-rays of wavelength ‘A’ fell on photosensitive surface, emitting electrons. Assuming X-rays of
wavelength ‘A’ fall on a photo sensitive Surface, emitting be neglected, prove that the de Broglie

/ hi
wavelength of electronsemitted will be | ——
2mc

Definetheterms: ‘haf-life period’ and ‘ decay constant of a radioactive sample. Derivetherelation
between these terms. [3; CBSE-2004]

When a deuteron of mass 20141 u and negligible kinetic energy is absorbed by alithium (SLi)

nucleus of mass 6.0155 u, the compound nucleus disintegrates spontaneously into two alpha
particles, each of mass 4.0026 u. Calculate the energy in joules carried by each alpha particle
(lu—1.66 x 10°"kQ). [3; CBSE-2004]
Ultraviolet light is incident on two photosensitive materials having work functions W, and W,
(W, >W,) inwhich casewill the kinetic energy of the emitted electrons be greater? Why?
[1;CBSE-2005]
Mention the sgnificance of Davisson-Germer experiment An o particle and aproton are acce erated
from rest through the same potential differenceV. Find theratio of de-Brogliewave engths associated
with them. [3;CBSE-2005]

(a) Draw theenergy level diagram showing the emission of B-particlesfollowed by y-raysby a 5 Co

nucleus.
(b) Plot the distribution of kinetic energy of 3 particlesand state why the energy spectrumiscontinuous.
[3; CBSE-200S]
A radioactive sample contains2.2 mg of pure t*C whichhashalf-life period of 1224 seconds. Calculate

(i) The number of atoms present initially.

(i1) Theactivity when 5ug of the sample will beleft. [3; CBSE-2005]
De-Broglie wavelength associated with an e ectron accel erated through apotential differenceV isA.
What will be its wavel ength when the accel erating potentia isincreasedto4V? [1; CBSE-2006]
Sketch a graph between frequency of incident radiations and stopping potential for a given
photosensitive material. What information can be obtained from the value of the intercept on the
potential axis?

A sourceof light of frequency greater than the threshold frequency is placed at adistance of 1 mfrom
the cathode of aphoto-cell. The stopping potential isfoundto beV. If the distance of thelight source
from the cathodeis reduced, explain giving reasons, what change will you observe in the

(i) photod ectric current,

(i1) stopping potential. [3; CBSE-2006]
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12.

13.

14.
15.

16.

17.

18.

19.

20.

Definetheterms half-life period and decay congtant of aradioactive substance. Writetheir S.I. units.
Establish the relationship between the two. [3; CBSE-2006]

A neutronisabsorbed by a SLi nucleuswith the subsequent emission of an alphaparticle.

() Write the corresponding nuclear reaction.
(i) Caculatethe energy released, in MeV, inthisreaction.

Given mass SLi = 6.015126 u; mass (neutron) = 1.0086654 u; mass (al pha particle) = 4.0026044 u

and mass (triton) = 3.0100000u. Take 1u = 931 MeV/c2. [3; CBSE-2006]
Ultraviolet radiations of different frequenciesv, and v, areincident on two photosensitive material's
having work functionsW, and W, (W, >W,) respectively. Thekinetic energy of the emitted el ectrons
issamein both the cases. Which one of the two radiationswill be of higher frequency ?

[1; CBSE-2007]
Definetheterm ‘activity’ of radionuclide. Writeits Sl unit. [1; CBSE-2007]
Draw agraph showing the variation of potential energy between apair of nucleons as afunction of
their separation. Indicatetheregionsinwhichthenuclear forceis(i) attractive, (ii) repulsive.

[2; CBSE-2007]
Draw aschematic diagram of the experimental arrangement used by Davisson and Germer to establish
thewave nature of e ectrons. Explain briefly how the de-Broglie relation wasexperimentally verified
in case of electrons. [3; CBSE-2007]
Draw the graph to show variation of binding energy per nucleon with mass number of different

atomic nuclei. Calculate binding energy/nucleon of 5 Ca nucleus.
Given:
mass of 55 Ca =39.962589 u

mass of 5 Ca proton = 1.007825 u

mass of neutron — 1.008665 u and 1u = 931 MeV/C? [3; CBSE-2007]
An electron and al pha particle have the same de-Broglie wavel ength associated with them How are
their kinetic energiesrelated to each other? [1; CBSE-2008]

A nucleus ZNe undergoes decay and becomes Na. Calculate the maximum kinetic energy of

€l ectrons emitted assuming that the daughter nucleus and anti-neutrino carry negligiblekinetic energy.

Massof 2Ne = 22.994455(
Massof ZNa = 22.989770u

[2; CBSE-2008]
1u = 931.5MeV /¢

An electromagnetic wave of wavelength A isincident on aphotosensitive surface of negligiblework
function. If the photo-electrons emitted from this surface have the de-Broglie wavelength A, prove

2mc
that » = ( . sz [3; CBSE-2008]
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21. Thefigureshowsaplot of threecurvesa, b, ¢ showing the variation of photocurrent vs collector plate
potential for threedifferent intensities| , I, and |, having frequenciesv,, v, and v, respectively incident
on a photosensitive surface. Point out the two curves of which the incident radiations have same
frequency but different intensities. [1; CBSE-2009]

T
Phgut?meiglcmC QI]]’:E
ek
<
b
a
Collector plate potential

22. Twonuclel have massnumbersintheratio 1:3. What istheratio of their nuclear densities?

[1; CBSE-2009]

23. Aradioactive nucleus‘ A’ Undergoes aseries of decays according to the following scheme:

A—sA —LPS5A 2 H5A—TSA,
The mass number and atomic number of A4 are 172 and 69 repectively. What are these numbersfor
A? [2; CBSE-2009]

24. Anéectron and aproton are accel erated through the potential. Which one of thetwo has(i) greater .
value of de-Broglie wavelength associated with it and (i) less momentum? Justify your answer.

[3; CBSE-2009]

25. (a) Theenergy levelsof an atom are as shown below. Which of themwill result in thetransition of a
photon of wavelength 275 nm?

(h) Which trangition correspondsto emission of radiation of maximum wavelength?[3; CBSE-2009]
< OeV
2V,
’ -4.5eV
~10eV

26. Defineionisation energy. What isitsvalue for ahydrogen atom ? [1; CBSE-2010]

27. Ano-particle and a proton are accelerated from rest by the same potential. Find the ratio of their
de-Brogliewavelengths. [2; CBSE-2010]

28. WriteEingtein’ sphotoel ectric equation. State clearly the three sdlient featuresobservein photoelectric
effect, which can be explained on the basis of the above equation. [2; CBSE-2010]

29. Draw aplot of potential energy of a pair of nucleons as a function of their separation. Write two

important conclusionswhich you can draw regarding the nature of nuclear forces. [2; CBSE-2010]
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30.

31

32.
33.

35.

36.

37.

38.

39.

40.
41.

42.

Draw aplot of the binding energy per nucleon asafunction of mass number for alarge number of
nuclei, 2 <A <240. How do you explain the constancy of binding energy per nucleon in the range
30 < A <170 using the property that nuclear force is short-ranged ? [2; CBSE-2010]

(a) Write symbolically the B~ decay processof 32P.

(b) Derivean expresson for theaveragelife of aradionuclide. Giveitsrelationship with the half-life.

[3; CBSE-2010]
Write any two characteristic properties of nuclear force. [1; CBSE-2011]
Definetheterm * sopping potentid’ in relation to photod ectric effect. [1; CBSE-2011]
Using the curvefor the binding energy per nucleon as afunction of massnumber A, state clearly how
thereleasein energy in the processes of nuclear fission and nuclear fusion can be explained.

[2; CBSE-2011]
Draw a plot showing the variation of photoelectric current with collector plate potential for two
different frequencies, v, > v, of incident radiation having the sameintensity. In which case will the
stopping potential be higher? Justify your answer. [3; CBSE-2011]
(a) Using de-Brogli€ shypothesis, explain with the help of a suitable diagram, Bohr’ s second postulate
of quantization of energy levelsin ahydrogen atom,
(b) The ground state energy of hydrogen atom is —13.6eV. What are the kinetic and potential

energiesof theelectroninthis gate? [3; CBSE-2011]
Definetheterms (i) ‘ cut-off Voltage' and (ii) ‘ threshold frequency’ in relation to the phenomenon of
photoelectric effect

Using Eintein’ s photoel ectric equation shows how the cut-off voltage and threshold frequency for a
given photosensitive material can be determined with the hel p of a suitable plot/graph.

[3; CBSE-2012]
Draw aplot of potential energy of a pair of nucleons as a function of their separations. Mark the
regionswherethe nuclear is (i) attractive and (ii) repulsive. Write any two characteristic features of
nuclear forces. [3; CBSE-2012]
In aGelger-Marsden experiment, calculate thedistance of closest gpproach to the nucleus of Z = 80,
when aa-particle of 8Mev energy impingesonit beforeit comesmomentarily to rest and reversesits
direction.
How will the distance of closest approach be affected when the kinetic energy of the a-particleis
doubles?

OR

The ground state energy of hydrogen atom is—13.6 €V. If an electron make a trangtion from the
energy level —0.85 eV to—-3.4 eV, calculate spectrum does his wavel ength belong?[3; CBSE-2012]

Definetheactivity of agiven radioactive substance. WriteitsS.l. unit. [CBSE-2013]
Write the expression for the deBroglie wavel ength associ ated with a charged particle having charge
‘q and mass‘m’, when it isaccelerated by apotential V. [CBSE-2013]

Write Einstein’ s photoel ectric equation and point out any two characteristic propertiesof photonson
which thisequation isbased. Briefly explain the three observed features which can be explained’ by
thisequation. [CBSE-2013]
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45.
46.

47.

48.

49,

50.

Using Bohr’ s postul ates, derive the expression for the frequency of radiation emitted when electron

in hydrogen atom undergoes transition from higher energy state (quantum number n,) to the lower

state, (n,). When electron in hydrogen atom jumps from energy staten=4ton,=3,2,1, identify the

spectral seriesto which theemission linesbelong. [CBSE-2013]

OR

(a) Draw the plot of binding energy per nucleon (BE/A) asafunction of massnumber A. Writetwo
important conclusionsthat can be drawn regarding the nature of nuclear force.

(b) Usethisgraph to explain therel ease of energy in both the processes of nuclear fusion and fission,

(c) Write the basic nuclear process of neutron undergoing 3-decay. Why isthe detection of neutrinos
found very difficult?

The graph shows the variation of stopping potential with frequency of incident radiation for two

photosensitive metals A and B. Which one of the two has higher va ue of work-function? Justify your

answer. [CBSE-2014]

4 A Metal B
Stopping

Metal A=
potential ; ©
(VU) 0 vn V}- N

I
g

w,| .~ ‘,."' - Frequency of incident
e | radiation (v) —»

Why isit found experimentally difficult to detect neutrinosin nuclear 3-decay ? [CBSE-2014]
Using Rutherford model of the atom, derive the expression for the total energy of the electron in
hydrogen atom. What isthe significance of total negative energy possessed by the electron?
[CBSE-2014]
OR
Using Bohr’ s postulates of the atomic model, derive the expression for radius of n™ electron orbit.
Hence obtain the expression for Bohr’ sradius. [CBSE-2014]
When the el ectron orbiting in hydrogen atom in itsground state movesto the third excited Sate, show
how the de Broglie wavelength associated with it would be affected. [CBSE-2015]
Definethe terms'stopping potentia’ and ‘threshold frequency' in rel ation to photoel ectric effect. How
does one determine these physical quantities using eingein’'s equation ? [CBSE-2015]
A proton and an o particle are accel erated through the same potential difference. Which one of the
two has (i) greater de-Broglie wavelength, and (ii) lesskinetic energy ? Justify your answer.
[2; CBSE-2016]
WhenisH_lineinthe emission spectrum of hydrogen atom obtained ? Cal cul ate the frequency of the
photon emitted during thistranstion. [2; CBSE-2016]
OR
Caculate the wave ength of radiation emitted when electronin ahydrogen atom jumpsfromn = o to
n=1 [2; CBSE-2016]
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52.

53.

55.

56.

57.

58.

59.

State two important properties of photon which are used to write Einstein's photoel ectric equation.
Define (i) stopping potential and (ii) threshold frequency, using Einstein's equation and drawing

necessary plot between relevant quantities. [3; CBSE-2016]
(@ Derive the mathematical expression for law of radioactive decay for a sample of aradioactive
nucleus. [3; CBSE-2016]

(b) How isthe mean life of agiven radioactive nucleusrelated to the decay constant ?
A 12-5eV electron beam isused to excite agaseous hydrogen atom at room temperature. Determine
the wavel engths and the corresponding series of the lines emitted. [CBSE-2017]
Using photon picture of light, show how Einstein's photoel ectric equation can be established. Write
two features of photoel ectric effect which cannot be explained by wave theory. [CBSE-2017]
Draw graphs showing variation of photoel ectric current with applied voltagefor two incident radiations
of equal frequency and different intensities. Mark the graph for theradiation of higher intensity.
[CBSE-2018]
Four nuclel of an element undergo fusionto form aheavier nucleus, with release of energy. Which of
the two — the parent or the daughter necleus—would have higher binding energy per nucleon?
[CBSE-2018]
If light of wavelength 412.5 nmisincident on each of the metal s given below, which oneswill show

photoel ectric emission and why? [CBSE-2018]
Metal | Work Function (eV)
Na 1.92
K 2.15
Ca 3.20
Mo 4.17

(a) State Bohr's psotul ate to define stable orbitsin hydrogen atom. How does de-Broglie'shypothess
explainthe stability of these orbits?

(b) A hydrogen atom initialy in the grond state absorbs a photon which excitesit tothen =4 level.
Estimate the frequency of the photon. [CBSE-2018]

(a) Explain the processesof nuclear fission and nuclear fuson by using the plot of binding energy per
nucleon (BE/A) versus the mass number A.

(b) A radioactiveisotope hasahalf-lift of 10 years. How long will it take for the activity to resuceto
3.125%? [CBSE-2018]
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ANSWER KEY

EXERCISE (S1)
1. Ans. 6.59 x 103* Js 2. Ans. (a) 3.38 x 10 J=2.11 eV (b) 3.0 x 10% photons/s

I

8 A .....................
H m 05 W/m2

4lJ-A .....................
3. Ans. /m_ Wi

-2V VP

4. Ans. UseeV = hv — ¢, for both sources. From the data on the first source, ¢, = 1.40 eV. Usethevalue
to obtain for the second suorceV,=1.50V.

5.Ans. (a) 3.14 x 10%° J, 1.05 x 10%" kg m/s (b) 3 x 10" photons/s (c) 0.63 m/s

6. Ans. (a) 4.04 x 10> kg ms™ (b) 0.164 nm

7.Ans. (@) 6.95x 10 J=4.34 peV (b) 3.78 x 102% J= 0.236 neV

8. Ans. () 6.686 x 102 J=4.174 x 102 eV (b) 0.145 nm

9. Ans. V2 10. Ans. 4 11. Ans. 0.55 eV 12. Ans. 7
13. Ans. 2 14. Ans. 820 nm.

15. Ans. Lyman series: 103 nm and 122 nm; Balmer series: 656 nm.

16. Ans. (@) +3.4¢eV; (b) 6.8 eV; (c) potential energy

17. Ans. 2.56 x 103 m; —2.8 keV 18.Ans. 8 19.Ans.n=24
20. Ans. 2
21. Ans. Use A = (hc/E) with E=5.1 x 1.602 x 10%° Jto get A = 2.43 x 10*° m.
22. Ans. 6210 eV 23. Ans. 400
EXERCISE (5-2)
1. Ans. 5 2.Ans. 1 3. Ans. 1.1 x 102
1 24,7,

4. Ans. (a) 10°s; (b) 286.18; (d) 111 s 5.Ans. 1 =——"—

JAZ+ 22
6. Ans. KE=151eV,d 4 =05 A 7. Ans. (i) 2; (i) 13.6 eV ; (iii) 12.75 eV, 0.66 eV

8. Ans. 6.8¢eV, 5x 10 Hz

9. Ans. (i) Allowed values of energy of neutron=6.36 eV and 0.312 eV ; Allowed valuesof energy of He
atom = 17.84 eV and 16.328 eV, (ii) 18.23 x 10'* Hz , 9.846 x 10'® Hz, 11.6 x 10 Hz

10. Ans.7.4eV,4.7Volts 11. Ans. 6 12. Ans. 255 13. Ans.3 14. Ans. 159

15. Ans. 255 16. Ans. 2 17.Ans. 98.25 eV

18.Ans. (i) 0.62A, (ii) No, (iii) Yes0.8 A 19. Ans. 41
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EXERCISE (O-1)

1. Ans. (A)

7. Ans. (A)
13. Ans. (B)
19. Ans. (D)
25. Ans. (A)
31. Ans. (A)
37.Ans. (D)
43. Ans. (C)
49. Ans. (C)

54. Ans. (A,C)
58. Ans. (A,B,C,D)
62. Ans. (A,C,D)

66. Ans. (B)

70. Ans. (A, B, C)

2. Ans. (A)

8. Ans. (A)
14. Ans. (B)
20. Ans. (A)
26. Ans. (A)
32. Ans. (D)
38. Ans. (B)
44. Ans. (D)
50. Ans. (A)

3. Ans. (B)

9. Ans. (D)

15. Ans. (D)
21. Ans. (C)
27. Ans. (A)
33. Ans. (B)
39. Ans. (A)
45. Ans. (D)
51. Ans. (C)

55. Ans. (A,B,C)
59. Ans. (A,B,D)
63. Ans. (A,B,C)

67. Ans. (A,C)

71. Ans. (A, C)

73.Ans. (A)-QR, (B)-PS, (C)-QS, (D)-PR

4. Ans. (B)

10. Ans. (B)
16. Ans. (D)
22. Ans. (D)
28. Ans. (A)
34. Ans. (A)
40. Ans. (A)
46. Ans. (D)

52. Ans. (A,B,C)
56. Ans. (B,C,D)
60. Ans. (A,B,C,D)
64. Ans. (A,C,D)
68. Ans. (A,C,D)

5. Ans. (B)
11. Ans. (B)
17. Ans. (D)
23. Ans. (D)
29. Ans. (A)
35. Ans. (B)
41. Ans. (D)
47. Ans. (C)

6. Ans. (C)

12. Ans. (A)
18. Ans. (A)
24. Ans. (B)
30. Ans. (A)
36. Ans. (B)
42. Ans. (B)
48. Ans. (D)

53. Ans. (A,B,D)
57. Ans. (A,D)

61. Ans. (B, D)

65. Ans. (A,C,D)
69. Ans. (A,B,C,D)
72. Ans. (A) P,R,S(B) P,Q (C) P,Q (D) R,S

74. Ans. (A) >(P,R) ; (B) =>(Q,9); (C) =»(Q,9); (D)»(P,R) 75. Ans. (B)
76. Ans. (A)— (S); (B) > (R); (C) - (Q); (D) > (P)

EXERCISE (0O-2)
1. Ans. (D) 2 Ans (C) 3. Ans. (A) 4. Ans. (B,D) 5.Ans. (B) 6. Ans. (A)
7.Ans. (B) 8.Ans. (D) 9. Ans. (C) 10. Ans. (C) 11. Ans. (D) 12. Ans. (B)
13. Ans. (B) 14. Ans. (B) 15. Ans. (D) 16. Ans. (A,C,D) 17. Ans. (D)
18. Ans. (A,B) 19. Ans. (B,C,D) 20. Ans. (B, C) 21. Ans. (A, B, D)
22. Ans. (B, C) 23. Ans. (B,C) 24. Ans. (A,C,D) 25. Ans. (A)
26. Ans. (A) 27. Ans. (B) 28. Ans. (A) 29. Ans. (A) 30. Ans. (B) 31. Ans. (B)
32. Ans. (C) 33. Ans. (B) 34. Ans. (C) 35. Ans. (D) 36. Ans. (A)

EXERCISE (JM)
1. Ans. (2) 2 Ans (2 3.Ans. (4) 4. Ans. (1) 5.Ans. (2 6. Ans. (1)
7.Ans. (2) 8.Ans. (1) 9. Ans. (4) 10. Ans. (4) 11. Ans. (3) 12. Ans. (1)
13.Ans. (2) 14.Ans. (3) 15. Ans. (2 16. Ans. (4) 17. Ans. (3)

EXERCISE (JA)
1. Ans. (B) 2 Ans (C) 3. Ans. (C) 4. Ans. (A) 5.Ans. (A) 6. Ans. (B)
7.Ans. (D) 8.Ans. (A) 9.Ans. 3 10. Ans. (D) 11. Ans. (B) 12. Ans. (C)
13.Ans.8 14.Ans. (A) 15. Ans. 7 16. Ans. 7 17. Ans. 1 18. Ans. (A, ©)
19. Ans.2 20.Ans. (A), (C), (D) 21. Ans. (A,C) 22.Ans. 2 23. Ans. (B)
24. Ans. (A, B, D) 25. Ans. 6 26. Ans. (A) 27. Ans. 5 28. Ans. (A)

29. Ans. 24 [23.60, 24.40]

30. Ans. 3[3,3] 31.Ans. (2,3)

32. Ans. (1.00)




