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ATOMI RUCTURE angles varying from 0 to 180°. When an a-particle strikes
the screen, it produces aflash of light and it is observed by
the microscope. It was found that :
VARIOUSM ODEL SFOR STRUCTURE OFATOM
DALTON'STHEORY = .
(@ Every material is composed of minute particles known as = " = Electrons
atom. Atomisindivisiblei.e. it cannot be subdivided. It can g — e/“:rNucIeus G
neither be created nor be destroyed. 8 P 0 c
(b) All atoms of same element are identical physically aswell <% % e Ng .
. . ucleus
as chemically, whereas atoms of different elements are

©

(@

different in properties.

The atoms of different elements are made up of hydrogen
atoms. (The radius of the heaviest atom is about 10 times
that of hydrogen atom and its massis about 250 times that
of hydrogen).

Theatom is stable and electrically neutral.

THOMSON'SATOM MODEL

@

(b)

©
@

The atom as a whole is electrically neutral because the
positive charge present on the atom (sphere) is equal to
the negative charge of electrons present in the sphere.
Atom is a positively charged sphere of radius 10710 m in
which electron are embedded in between.

The positive charge and the whole mass of the atom is
uniformly distributed throughout the sphere.
Shortcomings of Thomson's model

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

(if) Scattering of o-particles cannot be explained with the
help of this model

RUTHERFORD M ODEL

In Rutherford experiment o-particlesparticle areemitted by
some radioactive material (polonium), kept inside a thick
lead box. A very fine beam of a-particles pass through a
small holein thelead screen. Thiswell collimated beamis
then allowed to fall on a thin gold foil. While passing
through the gold foil, a-particles are scattered through
different angles. A zinc sulphide screen wasplaced: out the
other side of the gold foil, this screen was movable, so as
to receive the o-particles, scattered from the gold foil at

Most of the a-particles went straight through the gold foil
and produced flashes on the screen asif there were nothing
inside gold foil. Thusthe atomis hollow.
Few particles collided with the atoms of thefoil which have
scattered or deflected through considerable large angles.
Few particles even turned back towards source itself.
The entire positive charge and almost whole mass of the
atom is concentrated in small centre called a nucleus.
The electrons could not deflected the path of a a-particles
i.e. electronsarevery light.
Electrons revolve round the nucleusin circular orbits.
So, Rutherford 1911, proposed a new type of model of the
atom. According to this model, the positive charge of the
atom, instead of being uniformly distributed throughout a
sphere of atomic dimension is concentrated in avery small
volume (Less than 10713 n is diameter) at it centre. This
central core, now called nucleus, is surrounded by clouds
of electron makes. The entire atom electrically neutral .
According to Rutherford scattering formula, the number of
o-particles scattered at angle © by atargetis:
N(6) oc cosec? (6/2)
27¢° cot(6/2)
Impact parameter b = 4nsomv%
Distance of closest approach
2Zeq  2(Ze)(2e)
47'[80ng 4Tr£0mv(2)

o=

BOHR'SMODEL

Attractive coulomb force between electron and nucleus
provide necessary centripetal force.

mv?  Zé?
-V _KZE
r r2

=
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(i) Theveocity of eectroninn-th orbit :

---------------- v
"‘},—e 2
2nKZe Z c Z
': (a)V”:T (b)Vn=; (C)Vn:E;

@f/’ 2188x10° ¢

(d) For hydrogen] v,,= n  137n

m/s

___________________ ViiVyiVg= lizié =6:3:2

(i) Rule of stable orbits : Electron orbits around nucleus in (iii) Angular frequency (w,) of electronin n-th orbit

only those orbit where angular momentum is an integral

- h 8n3K222e4m 22m
multiple of o @ o,= T (b) @, = F
h h 01672
=N — | h=— 4.159%x10°Z7
mvr=n 2n [ 275} (©) o, = T Rad/s

(iii) Electromagnetic radiationsare emitted if an electronjumps

iv) Frequency (f,) of electronin n-th orbit :
from stationary orbit of higher energy E, to another (V) Frequency (f,) ! !

stationary orbit of lower energy E,. Thefrequency v of the 42K 27%e*m Z2m
emitted radiation is related by the equation. @f,= 133 (b) f oc 3
E,—E;=hv
6.62x10"°Z?

Defectsof bohr model Qf,=——3  Hz
(@ Thismodel could not explain the fine structure of spectral n

lines, Zeeman effect and Stark effect. () Theperiod (T,) of an electroninn-thorbit :
(b) Thismodel isvalid only for single electron systems. 3,3 3
() Thismodel isbased on circular orbits of electronswhereas - n

. . . L (a)Tn 2 4,22 (b)TnOC 2

inredlity theorbitsaredlliptical. 4n°me"K“Z Z°m
(d) Electron is presumed to revolve round the nucleus only 6.3

whereasin reality it also rotates about its own axis. ©T.= 15x10 7n”
() Thismodel could not explain the quantisation condition of . z?

angular momentum. (i.e. the classical and quantumtheories  (vi) Current (1) duetoorbital motion:
were used simultaneously)

21,2525
(f) Thismodel could not explain theintensity of spectral lines. @I =¢f = 4n"K"Z7e’'m
(9) It could not explain the doublets obtained in the spectra of noon nh3
some of the atoms.
Z’m _ 1.062°
VARIOUSPARAMETER OF ELECTRONACCORDING TO Al ©1h="3

BOHR THEORY

() Theradiusof n-thorbit (vii) Magneticfield (B,,) at nucleusdueto or bital motion of &

oln  8n%K3Z3%'m?

2.2
n“h @B,=
ar,=—5—5— n~ or 5.5
@ An’kze’m " n _h_ _
o = Magnetic permeability in vacuum
2
(B)r, oc 23m? 12,5873
mZ (b)Boc —5 (©)B,= 5 T
(©) For hydrogen] Z=1,r,=0.529n?A - n n
filyirg=1:4:9 (viii) M agnetic moment :
1.1 @M =1 A =zr 2] oM = -2 n
rH:rHe+:rLi=l'§'§=6:3:1 n~'nAn=y 1 N~ 4xm
n - order of orbit or principa quantum number eh "
Z - Atomic number of element ©1f n=1then M= - — =9.26x 10" A-m.
rr']nu-C Ilweﬁzsof particlelike el ectron, Meuon, etc. rotating about Itis called Bohr Magneton

e
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(ix) Potential energy (U,,) inn-thorbit :

~Kze? -27.2 ~Ke?
= =——— Z2eV, For H-atom, U, =
M n M
() Kineticenergy (E,,,) inn-thorbit :
_ Kze* 13677 _Ké?
B = o 2 eV ForH-atom, E, = _2rn
(xi) Total energy inn-thorbit :
= Kinetic energy + Potential energy
En = Un + Ekn
_ —Kze? _ —2n%k®’me*z? _ -Rchz?
@E= o, OB 72 OR=— 5
21K %me*
R = Rydberg contant = 3 - 1.1x 107 mt
c
Rhc =1 Rydberg energy = 13.6 eV
13.62°
(d) En=——n2 ev

() ForHatomE;=-13.6eV, E,=-3.40€eV,E;=-151eV
(xii) lonization ener gy of electron E;,:

13.622
(0 E, = E = > eV

@ Eion. = Ex—Ep

| onisation energy of H-atom=13.6 eV
lonisation energy of He™ =54.4 eV
(xiii) lonization potential of electron V;, :

En (inJ) 13622 (in V)

@ Vi = ! e () Vion. :T
Vv z d) For Hvd (Vi ) _(k\z
© Vien. n2 (d) For Hydrogen atom Lvnz jon. - LnlJ

(xiv) Excitation energy of electron Eg; :
Eext. = Etigh ~Eiow
For hydrogen atom,
Egy Of 18t excited state=E, - E; = (-3.4) - (13.6) = 10.2eV
Eqyt Of 2nd excited state= E4-E4 = (-1.51) - (13.6) = 12.09eV
Eqyt Of Srdexcited tate=E,—E, = (-0.85) - (13.6) = 12.75eV
(xv) Excitation potential of electron :

(@) Vgt = Egy (Joule)/e
S L 1 ?
(b) Vet = 136Z 2 (n+1)2 (© Vi & n_z
(@) For Hydrogen atom V. 13.6 (2n+1)
or Hydrogen atom =—
yareg & (n+1)%n?

(xvi) Bindingenergy of electron Egg :
Ege =-F, _ _
BE of e of H-atominn=4level is0.85eV
BE of 1st excieted state of H-atomis 3.4 eV
BE of 1st excieted state of He* atomis13.6 eV

VARIOUSSERIESOF HYDROGEN SPECTRUM

() Lymenseriesy-—-R|Z_L1|n=234..
A 1? n3

Minimumwavelength i, = 912 A

(i) Bamer series v = = = R| =~ 1 | n,=34,5....
A 22 n?

(iiiy Paschenseries y = L _ | L~ L |,n,=4,56....
A 32 n3

Minimumwavelength 1., , = 8201 A

. .1 1 1
(iv) Brackettseries v=—-=R|—-—|,n,=5,6,7
2
n E, ev
o0 0.00
4 I -0.85
I
3 Pashen Lot
2 -3.40
Balmer
- -136
Lyman series

N S
(v) Pfund series N 52 n% ,N,=6,7,8....
. - - n(n-1
(vi) Number of line in emission spectrum = N
Examplel:
A hydrogen atomin the ground stateisexcited by radiations
of wavelength 975A.. Find (a) the energy state to which the
atom is excited. (b) how many lines will be possible in
emission spectrum.

Sol. (a) % =975A = 975x10 °m

1 g2 1
Y 12 n?

1 _7[ 1 1 }
. _11x107| 2o _4
975x 1010 12 p2) on
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: n(n-1
(b) - Numberofspectrall|n$(N)=T
-~ N= w =6
2

Possibletransition4 —3,4—>2,4—51,352,3>1,2>1.

Example2:

Sol.

Find thelongest and shortest wavel ength when a hydrogen
atom in the ground state is excited by radiations of
wavelength 975A.

hc 12400

TeEE(V)
For longest wavelength
12400 _ 12400

Mnax = = =18787.8A
mX T E, 3 066

For smallest wavelength

hc 12400 12400

— =T L o73A
e€E E,, 1275

xmin =

Example3:

Find the atomic number of atom when given that its
ionisation potential isequal to 122.4 V.

E _ [1224_,
Sol. 1P=1224V;E=2%, - Z= \[E~ ~\136
X .

Example4:

Sol. IP=136€V .. E,~E,=

Q1

Q.2

Q3

If theionisation potential in the ground state for hydrogen
is13.6 eV, then find the excitation potential of third orbit.

188 {—_13‘6} = 0.66eV
42 32
TRYITYOURSELF-1

A spectral lineresultsfromthetransitionn=2ton=1in

the single electron system given below. Which one of

these will produce the shortest wavelength emission ?

(A)H (B)He"

(©Lit (D) Dueterium atom

The wavelength of the first line of the Lyman series of a

tentimesionized Naatom (Z = 11) isnearest to

(A)0.1A (B)10A

(C) 100A (D) 1000A

Which of the following statement iscorrect in connection

with hydrogen spectrum

(A) The longest wavelength in the Balmer series is
longer than the longest wavelength in Lyman series

(B) The shortest wavelength in the Balmer series is
shorter than the shortest wavelength in the Lyman
series

(© Thelongest wavelength in both Balmer and Lyman
series are equal

Q4

Q.6

Q.7

Q8

Q9

Q.10

(D) The longest wavelength in Balmer series is shorter
than the longest wavelength in the Lyman series.

Nt [evel of Li2* hasthe same energy asthe ground state

energy of the hydrogen atom. If ry and r, be the radius

of the Nt Bohr orbit of Li2* and first orbit radius of H

atom respectively, then the ratio (ry/r;) is

(A)9 (B)1/9

©3 (D) None

In a hydrogen like atom, energy required to excite the

electronfromitsfirst excited state to second excited state

is 7.55 eV. The energy required to remove the electron

fromits ground stateis

(A)72.6eV (B)67.9eV

(C)s86eV (D)54.4eV

The ratio of the binding energies of the hydrogen atom

in the first and the second excited statesis:

(A) L4 B)4

(©) 49 (D) 94

An oa-particle and a free electron, both initially at rest

combine to form a He* ion in its ground state with the

emission of asingle photon. the energy of the photonis

(A)54.4eV (B)27.2eV

(©)136ev (D)40.8ev

An electron orbiting around the nucleus of an atom

(A) has amagnetic dipole moment.

(B) exertsan electric force on the nucleus equal to that
on it by the nucleus.

(©) does produce a magnetic induction at the nucleus.

(D) has a net energy inversely proportional to its
distance from the nucleus.

The difference between the longest wavelength line of

the Balmer series and shortest wavelength line of the

Lyman seriesfor ahydrogenic atom (Atomic no. Z) equal

to AL. The value of the Rydberg constant for the given

atomis

5 72

A) S5 B) -~

(A) 31 722 ( )36Ax
31 1

© 5 72 (D) none

Hydrogen atom emits blue light when it changes from
n=4energy level ton=2level. Which colour of thelight
would the atom emit, when it changesfromn=>5 level to
n=2level?

(A)Red (B) Yelow

(C) Green (D) Violet
ANSWERS

1 © 2 (B) 3 (A)

@ © (5) (D) (6) (D)

7 (A) (8) (ABCD) 9 (©)

(10) (D)

e
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PHOTOELECTRI
PHOTONS
Photon is a packet of energy emitted from a source of
radiation. Photons are carrier particle of electromagnetic
interaction. Photons travel is straight lines with speed of
light ¢ = 3 x 108 m/s. The energy of photonsis given as

EFEECT

E=hv= he =mc?
A
where v is frequency, A is wavelength, h is Planck's con-
stant.
The effective or motional mass of photonis given as
_E_h_h
? & A
The momentum of a photon is given as
o E_Mv_h
P=me= ="

Photons are electrically neutral. They are not deflected by
electric and magneticfields.
If Eisthe energy of sourceinjoulethen number of photons

total energy radiated E EA

emittedis n = = —
energy of each photon hv hc

Intensity of photons is defined as amount of energy car-
ried per unit areaper unit time or power carried per unit area

. Energy Power
Intensty(lp) = weaxtime area '
N
IIo =nhv = > P
4mr

where n = number of photons per unit area per unit time
N = number of photons, P = power of source

«——>

e.g. (a) For apoint source lp =nhv= N P
2
4nr
N
b) For ali l,=nhv=—-P
(b) For alinesource Iy P

Forceduetoradiation (Photon) (notransmission)
(i) Whenlight isincident perpendicularly
(@ Completely absorbing surface,

IA I
(a=1,r=0) F=—, Pressure= —
c c
where a = absorption coefficient, r = reflection coefficient
(b) Completely reflecting surface, (a=0,r=1)
21A _2

F="2" P=
C C

IA I
(c)WhenO<r<1anda+r=1,F=?(l+r), P=E(1H)
(i) Whenlight isincident at an angle 6 with vertical
(@ Completely absorbing surface,

_ IA cosq
c

_ Fcosq _ |

F P = —cos?
1 A C q

(b) Completely reflecting surface,

_2IA coszq P 2l COqu
c ' c

F

| cos?
(c)WhenO<r<landa+r=1, P:Tq(lﬂ)

Example5:
Find the number of photonsin 6.62 joule of radiation
energy of frequency 1012 Hz?

Sol. No. of photons n= E_ 662 =10%

hv  6.62x 1034 x 1012

Example6:
Calculate the energy and momentum of a photon of
wavelength 6600A.

Sol. Energy of photon

_hc 6.62x10 % x3x10°

A 6600x 10720
Momentum of photon

E =3x10 1)

h 66x10*

=—=—""" __-10?"kg m/sec
A 6600x10710 ?

HISTORICAL FACTSABOUT PHOTO ELECTRICEFFECT
In 1887 Hertz observed that when UV radiation falls on
cathode of an el ectric discharge tube then conduction takes
place easily. This shows that electrons are gjected from a
metal surfacewhen irradiated by radiation of suitable wave-
length. In 1888 Hallwach confirmed these observations. He
found that (a) When UV radiation fall on a negatively
charged cathode there was loss of negative charge and a
current was recorded in galvanometer.

Incident UV Radiation

s
‘@[[;’)f : emitted clectrons

cathode  discharge tube anode
[——
Battery galvanometer

T
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(b) When UV radiations fall on an uncharged plate ; it
acquired a positive charge and current was recorded
in galvanometer.

() WhenUV radiationsfall on apositively charged anode
no current was recorded in galvanometer.

L enard explained theseobservationsas
(@ When UV radiations fall on negatively charged
cathode electronsare gjected causing alossin negative
charge. Similarly when they fall on uncharged plate
electrons are gjected making it positively charged. In
both cases electrons when reach the anode cause
current to flow.

When UV radiationsfall on positively charged anode

electrons are emitted but they are unable to reach

cathode due to negative charge so no current flows.

Photo electric effect : The phenomenon of emission of

electrons from the surface of metal when light of suitable

frequency fallsonit is called photo electric effect.

1. The gjected electrons are called photo electrons

2. Thecurrent produced dueto emitted el ectronsiscalled
photo current.

3. Photo electric effect proves quantum nature of
radiation.

4., Theclassical electromagnetic theory fails to explain
photo electric effect.

5. Einstein explained photo electric effect using quantum
nature of radiation .

6. Halwach is credited with discovery of photo electric
effect.

®)

EXPERIMENTAL STUDY OFPHOTO ELECTRICEFFECT

Effect of intensity of incident radiation :

(@ The number of incident photons per second on a metal

plateiscalled intensity of incident radiation.

<— Commutator

|_ e tential divider

(b) For afixed incident frequency the saturation photo current

isdirectly proportional to intensity of incident radiation.

Frequency = constant

Saturated
Photo current

Intensity
—_—

©

@

()

©

©)

Frequency is constant

Photo current T 2ifpre—— 2

Saturation current

Vg O Potentia difference (V)
_— s

e.g. when intensity of radiation is doubled at constant
frequency saturation photo current is also doubled.
Saturation current When all photo electrons produced
reach anode the photo current becomes maximum and is
independent of applied potential difference. Thiscurrentis
called saturation or maximum current .

Effect of potential :

When polarity of electrodes is reversed with commutator
the current is reduced but does not become zero. This
shows that emitted photo electrons have kinetic energy.
The negative potential of anode at which the photo current
becomes zero is called stopping potentia (V). At this
potential the electrons with maximum kinetic energy are
stopped from reaching the anode.

No photo current is produced even on increasing the
intensity of incident radiation when anode is at stopping
potential. Thus stopping potential is independent of
intensity of incident radiation.

The stopping potentia is a measure of maximum kinetic
energy of photo electrons. E,, = €Vg

= | Frequency = constant 4 Frequency = constant
& X

o

a® E &

2= EE

= =

g &

Q.

[} IS

»

e
Intensi t_y’

Intensity

Effect of frequency of incident radiation :

Threshold frequency The minimum frequency of incident
radiation which can egject photo electrons from a metal is
known as threshold frequency (vo).

At stopping potential if frequency of incident radiation is
increased then current starts flowing again. This can be
made zero by increasing stopping potential. Thus maximum
kinetic energy of photo electron or stopping potential
increases with increase in frequency of incident radiation.
The maximum kinetic energy of photo electron increases
linearly with increase in frequency of incident light.

(Vo

Saturation
current

4 Frequency (v
e e cy(g

)
\,

max,

Vo Vg O +

<—Potential diff.

E,
\,

(

-

Maximum KE or stopping potential

B
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Effect of material of cathode:
The stopping potential, work function and threshold
frequency depend on nature of material of cathode.

A
_h B
© dope= ry
5
s VoA 0B,
2 a
a Vs / Frequency (v)
4 e
s'| /7
B |,
/
/
/
1

Work function : Theminimum energy required for emis-
sion of electronsfrom ametal is called work function work
function ¢ = hvy where v is threshold frequency.

LAWSOFPHOTOELECTRICEMISS ON

1

For a given metal and frequency of incident radiation the
number of photo electrons emitted per second is directly
proportional to intensity of incident radiation.

For agiven ametal thereisaminimum frequency of incident
radiation bel ow which no photon emissionispossible. This
is called threshold frequency (v).

Above threshold frequency the maximum kinetic energy of
emitted photo electron is independent of intensity of
incident radiation but is directly proportional to frequency
of incident radiation.

The photo electric emission is an instantaneous process.
The time lag between incidence of radiation and emission
of photo electrons is less than 10-9 second.

EINSTEIN'SPHOTOELECTRICEQUATION

Einsten explained photo electric effect using quantum
nature of radiation .

Emission of a photo electron is a result of interaction of
one photon with aloosely bound electron in which photon
is completely absorbed by electron.

Some part of incident energy equa to work function is
used to remove an electron from metal and remaining is
given to electron as its kinetic energy.

- - 1 2 - 1 2
hv = W+Emax_W+§mV max—hv0+§mv max

1, 1 1\_\/
3 MWona=h(v-vg =he (575 ]=&s (1)

equation 1 is called Einstein photo el ectric equation.
maximum vel ocity of emitted electron

y :\/Zh(v—vo) :thc(xo—x) :\/2evs

m milg m

h(v—vg) _ hc(ro—2)

The stopping potential Vg = o Y
0

The Einstein'sphoto el ectric equation isin accordance with
conservation of energy. Herelight energy isconverted into
electric energy.

The equation explains the laws of photo electric emission.
(@ The increase in intensity increases the number of
photons with same energy hv. So number of photo
electronswill proportionally increase.

v < v, then KE will become negative which is not
possible so in this condition photoemission is not
possible.

(© Ifv>vy ThenKE o (v - vg) Somaximumkinetic energy
or stopping potential increaseslinearly with frequency
of incident radiation.

(b)

Note:

1. Inphotoelectric effect all photoel ectrons do not have same
kinetic energy. Their KE ranges from zero to E,,, which
depends on frequency of incident radiation and nature of
cathode.

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

3. Cesiumisthe best photo sensitive material.

4, Efficiency of aphotoemission

Number of photo electrons emitted
__per unit area per unit time _ Ng
Number of photons incident Np
per unit area per unit time
_ Intensity of emitted electrons ZLE ) Ne le
Intensity of incident ragiation 1, '€ M= n_p = E
Example7:

Light of wavelength 3500 A° is incident on two metals A
and B. Which metal will emit photoelectron if their work
functionsare4.2 eV and 1.9 eV respectively?

Sol. Energy of incident light

E=hv

_he _ 662x107* x3x10°

A 3500x10°10 x1.6x1071°

Incident light will gject electronsif E> ¢ (work function)
sinceE > ¢g (1.9€V) sometal B will emit photo electrons.

eV =3.546 eV

Example8:

Sol.

Find frequency of light which gjects el ectronsfrom ametal
surface fully stopped by aretarding potential of 3 volt. The
photoelectric effect begins at a frequency of 6 x 1014 Hz.
Find work function of metal.

2

1
Emvmax :eVS, hV:hVO+eVS
—19

S0 v = v+ %:leoh%;f:nz&m“m

h 6.62x10"
work function

6.62x 107> x 6x 101

p=hvg = =248V

1.6x10°1°

rrrm
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Example9: ¢. Photovaltaic cell : Whentheregion of contact between

Sol.

Lithium hasawork function of 2.3 eV. Itisexposed to light
of wavelength 4.8 x 107 m. Find maximum KE of photo
electron and what is the longest wavelength which can
produce them.

hc
Epax =hv-hvg =hv-¢ = 7—4)

_34 8
_ 6.62x107" x3x10 —-2.3=0.28¢eV

T 48x107 x1.6x10°%°

For longest wavelength % =¢

L _he_ 6.6x107%* x 3x10°

- -538x10'm
o 23x1.6x10 X2

or

PHOTOELECTRICCELL

A photoelectric cell is device which converts light energy
into electric energy. Incident radiation

cathode anode

T

B

Thisisadevice which works on principle of photo electric

effect. It consists of asemicylindrical plate coated with a

photo sensitive material of low work function which works

as cathode. Theanodeisinformawire. The area of anode

isvery small ascompared to cathode. Insidethe photo cell

aninert gasisfilledinit. Electronsare emitted from photo

sensitive surface when light falls on it. The photo current

depends on

a Potential difference between electrodes. Onincreasing
the voltage the photocurrent first increases and then
becomes constant.

b. Intensity of incident light.

Nature of surface producing photoel ectron.

d Distance of photo cell from the source. If the sourceis
at a distance r from the photo cell then the saturated
photo current (1) isinversely proportional to square of

o

distance from the source | ociz
r

Thedifferent typeof photocellsare

a Photo emissive cell : These work on photo electric
effect

b. Photo conducting cell : Thisis based on increase of
electrical conductivity of material like selenium when
they are exposed to light e.g. LDR (light dependent
resistance)

Q1

Q.2

Q3

Q4

Q5

two specially prepared conducting surfaces is
illuminated a current beginsto flow. e.g. photo diode

Applicationsof photoeectriccells:

Photocells are used in television cameras for telecasting
scenes and photo telegraphy

Photocells are used in reproduction of sound in motion
pictures.

Photocells are used to switch on and off the street lights
automatically.

These are used to obtain electric energy from sun light
during space travel.

These are used to control temperature in furnaces and
chemical reactions.

These are used in fire and burglar's alarm, to open and
close the doors automatically and in counting devices
These are used to compare illuminating power of two
sources.

Photocells are used to detect opacity of solids, defectsin
materialsetc.

TRYITY RSELF-2
When a certain metallic surface is irradiated with
monochromatic light wavelength A, the stopping potential
for photoelectric current is 3 V. When the same surface
isirradiated with light of wavelength 2 A, the stopping
potential is V. The threshold wavelength for the given
surface is
(A)4n (B) 61
(C) 8 (D)4r/3
If the surface of a metal is successfully exposed to
radiation of 2., = 350 nm and A, = 450 nm the maximum
velocity of photoelectrons will differ by afactor 2. The
work function of thismetal is
o "9y (B)1.6x10719)

(C)3.9%x1019) (D)2.4x10719]
A metal begins emitting photoel ectronswith green light.
It will also give photoemission with
(A) bluelight (B) yellow light
(C) orangelight (D) redlight
Polychromatic light described at a place by the equation
E =100[sin (0.5nx10%%t) + cos (mx10%%t) + sin (2rx10%5)]
where Eisin V/mand t in sec, falls on a metal surface
having work function 2.0 €V. The maximum kinetic energy
of the photoelectron is
(A) zero (B)1ev
(©2ev (D)3ev
[Take h = Planck's constant = 6.4 x 10734 J-g]
If cisthevelocity of electromagnetic radiation

eisthe charge of an electron

m isthe mass of an electron and

h is the Planck's constant,
then the combination of these universal constants that
isdimensionless, is
(A) me?/(hc)
(C) mcZh

(B) ch/(me)
(D) none

rree
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Q.6 A beam of fast moving electrons having cross-sectional
areaA fallsnormally on aflat surface. The electrons are
absorbed by the surface and the average pressure exerted
by the electrons on this surface is found to be P. If the
electronsare moving with aspeed v, then effective current
through any cross-section of the electron beam is
(A)APe/ (mv) (B) APe/ (mv?)
(C)APv/(me) (D)APm/ (eV)

Q.7 Photons are incident from vacuum on a transparent
material with arefractiveindex nfor agiven wavelength.

lighter atom or changes a radioactive element into element
of lower atomic weight. All heavier radioactive elements
emit radiations till they are converted to stable g,Pb?%.
Radioactivity is a statistical process, o it is governed by
the laws of probability. The disintegration of all atoms has
equal probability.

Radioactivity is a spontaneous process which is
independent of all external conditions. It isnot affected by
temperature, pressure, electric or magneticfield.

Determine the momentum of the incident photon, if its TYPE OFRADIOACTIVE PROCESSES

o ‘ R A.
(A) nh/a (B) /A
(©h/nm (D) h/Xx (n+1)

Q8 AnLED ismadefrom semiconducting material having a
band gap of 1.1eV. What type of radiation doesthe LED

emit?
(A) Ultraviolet (B) Bluelight
(C) Red light (D) Infrared

Q.9 Whichof thefollowing are not dependent on theintensity
of theincident radiation in a photoel ectric experiment?
(A) Amount of photoelectric current.
(B) Stopping potential to reduce the photoelectric

current to zero.

(©) Work function of the surface.
(D) Maximum Kinetic energy of photoel ectrons.

Q.10 Whichof the propertiesshould beinmetal for thermoionic
emission: B.
(A) low melting point & high work function
(B) high melting point & low work function
(©) high melting point & high work function
(D) low melting point & low work function

ANSWER
@ &) 2(© 3)(A)
@ © ©) (D) (6) (A)
" © @) (D) (9) (BCD)

(10)(B)

RADIOACTIVITY

The phenomenon of spontaneous emission of radiations
from asubstance is called radioactivity. Radioactivity was
discovered by Henry Becquerel in 1896 in Uranium salts.
The substanceslike Uranium, Radium, Thorium, Polonium
etc. which show radioactivity are called radioactive
substances. Nuclel with Z > 83 spontaneously disintegrate
with emission of o and B particles. Inradioactivity emission
of dpha(a), Beta(B) and gamma (y) radiation takes place.
These are called radioactive radiations or Becquerel rays.
The simultaneous emission of o and B particles is not
possible. Only oneparticleisemitted at atime. Radioactivity
is anuclear phenomenon. a, B and y radiations originate
fromthenucleus. The electronic configurationisunaffected
in radioactivity.

The emission of radiations causes a change in structure of
nucleus. This causes transformation of an atom to new

Alphadecay

,XA (parent nucleus) —— ,_, YA (daughter nucleus)
+,He? (aphaparticle)

eg. U8 —— o Th?* + Het

Alphaparticle consists of 2 neutrons, 2 protonsand carries
positive chargein magnitude 2 electrons. It isdoubly ionized
helium nuclei. o. emission takes place when size of nucleus
becomes too large. The decay reduces the size of nucleus.
o emission is explained on basis of quantum mechanical
tunnel effect. The energy released in o decay
Q=(M-M,-M,) c?

Thekinetic energy of o particle E, = [%} Q,whereA

is mass number and Q is disintegration energy
Betadecay
(@ Electronemission (b7)

XA —— YA+ (B particle) + v

eg. (C1* —— N1+ _ &+ ¥ (antineutrino)
B~ particles are fast moving electrons carrying negative
charge. B particlesare emitted when nucleus hastoo many
neutronsrel ative to number of protonsi.e. N/Z ratioislarger
than required. The emission of electron takes placewhen a
neutron is converted to proton inside the nucleus. This
helps in correction of N/Z ratio.

ot —— pt+ O+
Theinteractionresponsiblefor B decay isweak interaction.
(b) Positron emission

SXA 7 XA+ ® (BT particle) +v

g ,oCu® — 2 Ni%+ ; ®+ v (neutrino)
B* particles are positrons with mass equal to an electron
but carry a unit positive charge. B* particles are emitted
when nucleus has too many protons relative to number of
neutronsi.e. N/Z ratioissmadller thanrequired. Theemission
of positron takes place when a proton is converted to
neutron inside the nucleus. Thisincreases N/Z ratio .

P =ont+ g€y
() Gammadecay

A* A
zX > XD +y

eg. PBR—C%+ O+y

e
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6c12* N 6c12 +y
y rays are electromagnetic radiations which are chargeless
and massless. y rays are emitted when nucleus has excess
energy. y rays are emitted when nucleus jumps from ex-
cited state to lower level or ground state. This reduces the
energy of nucleus. y raysare el ectromagnetic radiations of
short wavelength (~ 10-12m) which travel with speed of

light.

COMPARISON OF PROPERTIESOF a,b AND g RADIATIONS

(d) Electroncapture
XA+ €0 >+ YAy

Be’+ _&—— LiT+y
This process takes place when nucleus has too many
protons relative to number of neutrons. i.e. N/Z ratio is
larger than required. This process occurs when a parent
nucleus captures one of itsown orbital atomic electron and
emits a neutrino.

Property a - rays b - rays g — rays
1. Nature These are doubly ionized These are beam of fast These are el ectromagnetic
helium atom 2He4 moving electrons (§ ) and radiations of high frequency
chargeq=+2e=3.2x1071°C | positions (B*) and travel in form of photons.
mass m= 2p + 2n = 4amu chargep =—e=-1.6x10"19C | chargeq= 0 (chargeless)
=4x1.6%x102"kg Bt =+e=1.6x10"19C rest mass=0
m (B)=m(B*)=9.1x10"3Lkg | effective mass= h_121 -
c Ic
2. Velocity Speed ranges between speed ranges from 1% to speed equals velocity of
1.4x 107 t02.20 % 10’ m/s 90% of velocity of light lightv, =c
v, ~0.05¢ vg ~0.9c
3. lonising These have maximum Thereionizing power is Thereionizing power is
power ionizing power (1000) less than o particles and least (1)
more than y rays (100)
4., Penetration The penetration power is Penetration power isabout | Penetration power isvery
power smallest. Can only penetrate 100 timesthat of a. rays, large. Can penetrate about
through 0.01 mm thick can penetrate through 30 cmthick Al sheet (10000)
Al sheet (1) 1 mmthick Al sheet (100)
5. Range Rangeisvery small Rangeismorethan arays. | Rangeisvery large
(fewcmsinair) (few metersinair) (many hundreds of meter isair)
6. Nature of Line spectrum continuous spectrum line spectrum
spectrum
7. Interaction produces heat produces heat produces photoelectric effect
with matter Compton effect, pair production
8. Effect of Sufferssmall deflection sufferslarge deflection pass undeflected
electric and
magneticfield
9. Effect of photo|  Affects photographic plate Affects photographic plate | Affects photographic plate
graphic plate and produces fluorescense and produces fluorescence | and produces fluorescence.
and ZnS
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Behaviour in electricand magneticfield :

| T T I O |
/
=]

B I I
X
X

Behaviour in E-field Behaviour in B-field

RADIOACTIVEDECAY LAW
The rate of decay (number of disintegrations per second)
is proportional to number of radioactive atoms (N) present

—d dN
o N dt
or N=Nge™ (1)

where ) is disintegration constant, Ny = number of active
atomsatt=0.
Equation one is the radioactive decay law. It shows that
number of active nuclei decreases exponentially with time.
Note:

1. The fraction of active atoms remaining at time t is
N _n
No

2. The number of atomsthat have decayed intimet is

at that timet. Rate of decay -AN

Ng—N=Ng(L-e™)

«— Noe—M

Time Time

3. Thefraction of atomsthat have decayed intimetis

=1-e™
No
DECAY CONSTANT
Decay constant is rate of decay of radioactive atoms per
active atom.
k_—dN/dt_ rate of decay
N number of active atoms
Note:
1 Ng
1. Att=—; N=—
AT e

The decay constant of radioactive element is equal to
reciproca of thetime after which number of remaining active
atomsreduce to 1/etimes of original value.

2. Att= % , fraction of activenuclel |eft Nﬁ = % =0.370or 37%
0

fraction of decayed nuclei 1—Nﬁ =0.63=63%
0
dN/N . -
3. A= ot . Thedecay constant isthe probability of decay

per active atom per unit time.
4, The decay constant depends on nature of radioactive
substance and is independent of temperature, pressure,
forceetc.
The decay constant for a stable substance is zero
Unit of decay constant is second! and dimension is T-1
7. If their are more than one radioactive elements in a group
then the resultant decay constant is equal to sum of
individual decay constants

ISRl

HALFLIFE
The time in which number of radioactive atoms reduce to

N
half of itsinitid valueisknown ashdf lifei.e. at t =T,N=70

0,693

N
from radioacitve decay law 70 =Nge*Tor T .
Note:
1. Thehalf life depends on nature of radioactive elements.
2. Thehaflifeof an element indicatestherate of decay. When
half lifeislargerate of decay issmall.
3. Aftert=nT number of active atoms|eft
_No_ 1
where T = half lifeand n=number of half lives.
4. Number of radioacitve atoms decayed in n half lives

Ng  [2"-1)

-5 Mol )

5. Half life for a given radioactive substance is constant. It
does not change with time. It is unaffected by pressure,
temperature etc.

Example10:

How long will it takefor aradioacitve sampleto decreaseto
10%, ititshalf lifeis22 years?

_ N (1 A} N2 1
Sol. Using N—O— > we get = =100

t
—oti22 - =
or10=2 or log,;10= 22|09102

t= 22 |Og]_010_ 22x1
~ log;p2  0.3010

~ 73 years.

Y.
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Examplell:
What is the decay constant of a radioactive substance
whose half lifeis5 hours

0693 0693

by — 200
Sol. T 5x 3600

=3.85x 107 per sec

Examplel2:
The amount of active substance reduces to 1/64 of its
initial valuein 15 hours. What isthe half life?

. l_[ljt/-r 1 _[315/1-
Sol. using No_ 5 or 61

16 T 15
o3 =3 S0 ?=6 or T=25hour

AVERAGE ORMEANLIFE(t)
The life time of various atoms in a radioactive substance
ranges from O to infinity. The mean life of an atomin a
radioactive substance is called average life of radioactive
substance.

the sum of lives of all active atoms

Meanlife, ¢ = -
total number of active atoms

Np No
[tdN Nox [ tedt
_ 0 1

T= = = —
o No No A

Thus mean life is equal to reciprocal of decay constant

0.693
(t=1/1). HaflifeT= — 0.693t

T
i =——=144T
andaveragelife, t© 0.693

1> Ti.e averagelifeisgreater than half life.
Mean life of a radioactive substance is constant. It does
not change with temperature or pressure.
FromN =Ny e™

N
At t=t=2. N= 0 - 037N,

e

So meanlifeisthetimeinwhich (a) number of active atoms
reducesto 37% of itsinitial value
OR (b) number of decayed atomsis 63%

N =Ny so Iogl =\t
No .
Mean lifeis equal to magnitude of Time
reciprocal of slope of
slope = -A

N
log—vV/s tcurve. N
NO |Og_
No

Examplel13:
Onegram of Radiumemits3.7 x 1010 o particles per second.
Calculate half life and mean life of Radium. Given Atomic
mass of Radium = 226

Sol. Rate of decay of Radium = rate of emission of a particles

—dN
or —y~ M= 3.7 x 1019 per second

6.023x10%° x 1
226

Number of activeatoms N =

23
_ 0.693 N 6.023x10 _37x10°
T 226

or T=1583years
Meanlifet=1.44T =1.44 x 1580=2279 years

AN

DECAY OFACTIVEMASS

The mass of radioactive M
substance (M) oc number of )]
activeatoms(N). SON=Nge~ £
M becomes M = Me™ =
<

>

Mass of radioactive substance Time
decreases exponentially withtime. Thetimeinwhich mass

of active substance is reduced to half is known as half life.

ﬂ_(l)t”—

Mg 2

Mean lifeis the time in which mass reduces to 37% of its
initial value. Number of active atomsis given massM in

6.023x10%% x M

grams is n= , where A is mass number

Examplel14:
If aradioactive material contains0.1 mg of Th3* how much
of it will remain unchanged after 120 days. Given Half lifeis
24 days.

I - ﬂ_(Ejt/-l'_[1]120/24_[%)5_i
Sol. Using Mg (2 > 0

som=Mo_01mg _3 195,
32
ACTIVITY
The number of decays per unit time or decay rateiscalled
- . dN
activity. Activity A= Y Ao
= Ngh e =Aget = o £
where Ny A =A,isinitial activity £

A=A e M isthe activity law which

shows activity decreases exponentially
withtime. Activity is proportional to number of active atoms
(A o« N) which depends on mass of radioactive sample.

Time

B
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The activity of one gram of radioactive substance called
specific activity. Half life is the time in which activity of
radioactive substance is reduced to half. Mean lifeisthe
time in which the activity reduces to 37% of the original
value.

t/T
1
Thevariation of Activity withtimeis — = [—]

Ag \2

where T ishalf life.
Unitsof activity
Curie: Thespecific activity of 1 gmof Radium 226 iscalled
onecurie.

1 curie= 3.7 x 100 disintegrations per second
Rutherford 1 rutherford = 10 disintegrations per second
Becquerel 1 Becquerel = 1 disintegration per second

Example15:

Sol.

Determine the amount of Th?27 required to produce an
activity of 1 milli Curieif itshalf lifeis1.9 years.
A =1milli curie= 3.7 x 107 disintegration /sec
0693 0.693
T 1.9x 365x% 24 x 60 x 60

23
number of activeatoms= % m (wheremismass)
A=AN
o 37x107= 0.693 , 6:023x10% .

' "~ 1.9x365x 24 x 60 x 60 227
3.7x107 x1.9% 365x 24 x 60x 60x 227
orm= > =1.206ug
0.693x 6.023x10
Example16:

Sol.

For a radioactive sample the counting rate changes from
6520 counts/minute to 3260 counts/minute in 2 minutes.
Determine the decay constant.
No

d dN

i = An=—— i A=—

Attimet=0 0= 4 and at timet o
A dN/dt 3260
A, dNgp/dt 6520

from activity law A = A g™

A 2.303 A
= Ao 22303 Ag
et A or . log A
2.303 2.303
h=220g2 = £22,0.3010 = 5,78 per sec
2% 60 2%60 578 per

SODDY AND FAJAN'SDISPLACEMENTSLAWS

1

For a decay : When an element emitsan a. particle, the new
element has mass number A reduced by 4 and atomic
number Z reduced by 2. The new element is displaced by
two places onleft in periodic table.

XA 7 YA 4, Het

b~ decay : When an element emitsa ~ particle the
mass number A remains unchanged and atomic number Z
isincreased by 1 . The new element is displaced by one
placeonright in periodic table

XA 70 YA 4+ € +antineutrino (V)
For b*decay : When an element emits a * particle the
mass number remains unchanged and atomic number Z is
decreased by one. The new element is displaced by one
place onleftin periodic table

XA ——74YA +,, €%+ neutrino (v)
For g decay : When anelement emitsay particlethe mass,
charge or position of element in periodic table remains
unchanged. Here the excited nucleus returns to ground
state by emission of y ray photon.

Examplel7:

Sol.

How many o and B particles are emitted when o, Th?32
converts to g,Pb208,
Changein mass number AA =232-208 =24

24
A changesonly in o decay so number of o particlesj =6

This decreases Zby 6 x 2=12 giving final Z=90-12=78

But final Z givenis82. 3 emissionincreasesZ by 1
sono.of B particle=82-78=4

Example18:

Sol.

A radioactive nucleus decays as

X% X P X, %X T X,
If mass number and charge number of X are 180 and 72 then
find these values of X,

180 «o 176 B~ 176
722X —— 20X ———> 11X5

a 172y 172
— 69Xz T — > 69Xy

CHARACTERISTICSOFaDECAY

1
2.

3.

The spectrum of o particlesis discrete line spectrum.

The discrete spectrum of o particles shows that nucleus
also has discrete energy levelslike atoms.

All o particles emitted from the same nucleus do not have
same energy. They are emitted in different energy groups.
o emission is always followed by y ray emission. The
nucleus after oo emission isin excited an state so decays
back to ground state by y emission.

The o particles loose energy by ionization of gaseous
medium.

The distance travelled by o particles in a medium before
loosing their power of ionizationiscalled Range.

range R = 0.318 E32 where E isenergy of o particle.

i.e. Roc E32 o v3 wherevisvelocity of o particle
Therange of o particle depends on their energy and nature
of medium

7
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8.

Geiger and Nuttal showed that larger isthe decay constant
of radioactive substance larger is the velocity, range and
energy of a particle.

a Geiger and Nuttal experimentally studied a relation
between range (or energy) of o particlein air and half
life (or decay constant)

b. Hefound that nuclei with longest half life (or smallest
decay constant) emits an o particle of lowest energy.

c. The nuclei with smallest half life (or largest decay
constant) emit an o, particle of largest energy.

d TheGeiger Nuttal law inempirical formislog
L=a+DblogR ,where) isdecay condant, R  isrange
of a particlesin air and aand b are constants.

e. The constant b is same for Uranium, Actinium and
Thorium serieswhile a isdifferent for each series.

f. Thegraph betweenlog A and log R, are straight lines
which are parallel to each other for the three series.

.

Tunnel Effect :

a The phenomenon of o emission is explained on the
basis of quantum mechanical tunnel effect.

b. The phenomenon of penetration of Coulomb barrier
by an o particle even when itsenergy islessthan height
of potential barrier (~ 26 MeV for 4,U?33) isknown as
tunnel effect.

¢c. Ana particle may exist as an entity within the heavy
nucleus.

d  Thea particleisin constant motion and is kept inside
the nucleus by Coulomb potential barrier.

e. Thea particle makescontinuouscollisionswith barrier
surfacetill conditionsare good enough for penetration.

f. Inone of the callision it may leak through the barrier
and is emitted. Thisistunnel effect.

0. 1ng,U?8 an o particle makes 1038 tries to come out
i.e. it makes 1022 tries per second for 1016 seconds or
10° years before it is able to come out.

Example19:

Determine the disintegration energy of the process

84p0210 — g Pb?%® 4, He* + Q if an o particle of
energy 5.3 MeV isemitted init.

—4

N . A
Sol. Kinetic energy of o particle E,, =TQ

A 210

E, = x5.3=5.40 MeV
A-4 % 210-4

So Q=

CHARACTERISTICSOF b DECAY

1

The energy spectrum of p particlesiscontinuousi.e. energy
of emitted B particle varies continuously between 0 to a

© max
A

2

0
T5
29
g % Eng point
‘B Ener
o5 lgy
o« >Emax

Benergy

The maximum energy of ap particle E,,, isknown asend
point energy

The end point energy is equal to the energy equivalent to
mass difference between parent and daughter nuclide. This
energy islater shared by B particle and neutrino.

NEUTRINOHYPOTHES S

1.

The experimental resultswhich could not be explained were
(@ continuous B energy spectrum
(b) neutron isaparticle of spin half, so it cannot decay
into two particles of spin half i.e. proton and electron
(c) After B emission no change in rest mass energy of
nucleus was observed.
Theseled to violation of law of conservation of angular
momentum, linear momentum and energy.
To remove these difficulties Pauli postulated emission of
third particle neutrino in 3 emission.
Neutrino is a particle with zero rest mass, zero charge and
half spin.
The energy Q is shared between B particle and neutrino.
When neutrino carries maximum energy then energy of
particleis minimum and viceversa

CHARACTERISTICSOFgDECAY

1.

2.

The energy spectrum of gamma rays is a discrete line
spectrum.
Whey y raysfall on matter they are absorbed like X-rays.
The intensity reduces exponentially with thickness as
| =1, e, where p is absorption coefficient
y rays when interact with matter produce (a) photo electric
effect (b) Compton effect (c) pair production.

B
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RADIOACTIVE SERIES
. 2. A 2. 15.

1. The heavy natural nuclides can decay to stable end t= 2303 l0g,q AL g 2303 5568 0919 13
products by four paths. Thefour paths have mass numbers » A 0.693 113
givenas4n,4n+1,4n+ 2, 4n+ 3wherenisinteger. 2.303x 5568 x 0.1316

2. Last element of series is stable and has a decay constant = 0.693 =2434years

Zero.

Series Mass Sarting Sableend
number isotope product

Thorium  4n ooTh?2 o Pp?%® Natural

Neptunium 4n+1  o;Np?’ 3Bi?®  Artificial

Uranium  4n+2 ’ Pb206  Natural

Actinum  4n+3  ,U?3® goPP?Y”  Natural

RADIOACTIVEEQUILIBRIUM

When the rate of formation of daughter nuclel becomes
equal to rate of its decay then this is called as state of
radioactive equilibrium

CARBON DATING/RADIOACTIVEDATING

Radioactive dating is the process of determination of time
interval which has passed by making use of radioactive
decay of a sample containing radioactive substance.

It helps in calculating age of geological specimens like
rocks, biological specimenslikes bones of animalsor trunk
of trees and age of earth.

The isotope of carbon (C4 is radioactive. It is formed in
atmosphere by bombardment of nitrogen atomswith cosmic
rays ;N4 + ont — 14+ |H!

The 4C* combines with oxygen to form carbondioxide
which is absorbed by plants so concentration of (C14 is
constant with time.

Theliving plants and animals have afixed ratio of ;C14to
ordinary carbon oC*2.

When aplant or animal dies the content of (C'# decreases
while that of zC'2 remains constant. The ratio of two
indicates the time that has passed since death of plant or
animdl.

Thetimeinterval iscalculated from thelawsof radioactive
disintegration

AN a ON AN A
where N, is number of C# nuclei at time of death, 2 is

decay constant of ¢C'# and N is number of C# nuclei
currently present in sample.

Example20:

Sol.

The charcoal sample showed aC14 activity of 11.3 counts/
gm min . The absolute activity of C14 is 15.3 counts/gm-
min. Estimate the age of charcoal sample. Half lifeof C14is
5568 years

A= 15.3 counts/gm - min, A = 11.3 counts/gm-min

,_ 0693
~ 5568 PO Y

USESOFRADIOACTIVEISOTOPES

1

Q1

Q.2

InMedicine

(i) Cob0 for treatment of cancer

(i) Na24for circulation of blood

(iii) 1131 for thyroid

(iv) Sr%for treatment of skin & eye

() Fe® for location of brain tumor

(vi) radiographs of castings and teeth

InIndustries

(i) for detecting leakagein water and ail pipelines

(i) for investigation of wear & tear, study of plastics &
alloys, thickness measurement.

InAgriculture

(i) C to study kinetics of plant photosynthesis

(i) P32tofind nature of phosphatewhich isbest for given
soil & crop

(i) Cob0 for protecting potato crop from earth worm

(iv) Sterilization of insectsfor pest control.

In Scientificresearch

(i) K*tofind age of meteorites

(i) S infactories

Carbondating

() Itisusedtofind age of earth and fossils

(i) The age of earth is found by Uranium disintegration
and fossil age by disintegration of C14.

(i) Theestimated age of earth isabout 5 x 10° years.

(iv) Thehalf lifeof C14is5700 years.

AsTracers

() A very small quantity of radio isotope present in any
specimeniscalled tracer.

(i) Thistechniqueisused to study complex biochemical
reactions, in detection of cracks, blockagesetc, tracing
sewage or siltin sea

In Geology

(i) For dating geological specimens like ancient rocks,
lunar rocks using Uranium

(i) For dating archaeological specimens, biological
specimens using C14.

TRYITY RSELE-
The half life of aradioactive substanceis
its mean life by
(A) smaller, 69.13% (B) smaller, 30.7%
(C) larger, 30.7% (D) larger, 69.3%
The half life of 131 is 8 days. Given asample of 131| at
timet = 0, we can assert that
(A) no nucleus will decay beforet = 4 days.
(B) no nucleus will decay beforet = 8 days.
(C) all nuclei will decay beforet =16 days.
(D) agiven nucleus may decay at any timet = 0.

than
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Q.3 Theprobahility of disintegration per second of anucleus NUCLEARPHYSICS

Q.4

Q.5

Q.6

Q.7

inagivenradio active sample:

(A) increases proportional to the life time lived by the
nucleus.

(B) decreaseswiththelifetimelived.

(© isindependent of thelifetimelived.

(D) depends upon the total number of identical nuclei
present in the sample.

Heavy radioactive element eventually turn into

(A) Barium (B) Hydrogen

(C)Led (D) Radius

Two radioactive nuclel A and B are present in equal

numbersto beginwith. Three day later, number of A nuclei

are 3 times number of B nuclei. Choose the correct

statement.

(A) hoe— iy = /n3
B- A" 3days

B) hop o = /n3
A "B 3days

(©) theratio of activity rate of A and B after 3daysis3:1

(D) theratio of activity rate of A and B after 3daysisless
than 3:1.

A sample contains 16 gm of radioactive material, the half

life of which is two days. After 32 days, the amount of

sampleis
(A) lessthan L milligram (B) /4gm
(C) 12gm (D) 1gm

The half life Po-218 is 3 minutes. What fraction of a 10
gram sampleof Po-218 will remain after 15 min?

(A) 132 (B) 64

(C) 125 (D) /15

Q.8 There are three lumps of a radioactive substance. Their

Q9

Q.10

activitiesareintheratioof 1: 2: 3. What will betheratio
of their activities at any future time?

(A)1:2:3 B)2:1:3

©3:2:1 (D)2:3:1

The activity of afresh radioactive solution, of volume 1
litre, is1200 Bg. A volume AV of the sameliquid hasan
activity 120 Bq after three half lives. Then AV must be
(A)600c.c. (B)800c.c.

(©)400c.c. (D) 880c.c.

Two radioactive samples X and Y having half life 3 years
and 2 years respectively have been decaying for many
years. Today both samples have equal number of atoms.
The number of atomsin the sample X will betwice of the
number of atomsinthesampleY after

(A) 6/5years (B) 5/6 years
(C) 6years (D) 2years

AN ER
@ ® ) (D) (3 (CD)
4 © (5) (AD) (6) (A)
(7) (A) 8 (A) ) (B)
(19 (©)

(i)

Rutherford proposed the existence of anucleusin 1911 to
explain the results of his a scattering experiment. Nucleus
is the central core of an atom in which the entire positive
charge and almost the entire mass of an atom is
concentrated. The nucleusis made of elementary particles
called neutrons and protons. All nuclei except hydrogen
are made up of neutrons and protons. Hydrogen nucleus
contains a single proton.

Neutron isaneutral particle carrying no charge

mass of neutron m, = 1.6749 x 102" kg = 1.008665 amu

(i) they are not deflected by external electric and magnetic fields
(iii)neutrons have high penetrating power and low ionizing power

)
“)

(Vi)

neutrons are stableinside the nucleus. Outside the nucleus
they are unstable with a half life of about 13 minutes
neutron was discovered by James Chadwick in 1932 when
he tried to explain results of collision of o particles with
Berrylium. ,Be*+ He*—— C13—— C1?+ n1+Q

. 1
The spin angular momentum of a neutron is E(h [ 2m)

(vii) depending on speed they are classified as fast and slow

(i)
(i)
(iii)

)

(thermal) neutrons.

Proton isacharged particle carrying unit positive charge.
mass of protonm_= 1.6726 x 10727 kg = 1.007825 amu
proton was discovered by Goldsteinin 1919.

The number of protons present inside the nucleus of an
atomiscalled atomic number (Z) of an element.
Asatomiselectrically neutral so number of protonsinside
the nucleusis equal to number of electronsin an atom.
According to Heisenberg a proton and neutron can be
regarded as two different charge states of same particle
called nucleon. The total number of protons and neutrons
present inside the nucleus is known as mass number (A) of
an element. Number of nucleons or Mass number (A) =
proton number (Z) + neutron number (N)

In lighter nuclei the number of neutrons and protons are
equal whilein heavier nuclei number of neutronsisgreater
than number of protons. A nuclide is a specific nucleus of

anatom characterized as , xﬁ whereA ismass number, Z
is proton number and N is neutron number

TYPESOFNUCLEI
ISOTOPES

Thesearenuclei of sameelement having sameZ but different
16 17 O18:- 41 M2 H3-
A o0 80 0 80 e g 1
. 92U, U™, goU _
All isotopes of an element have same chemical properties

They occupy same place in periodic table. They cannot be
separated by chemical analysis. They can be separated by
mass spectrometers or mass spectrographs

ISOTONES

These are nuclel of different elements having same N but
differentA.
eg. 6C7 & 7N7*; 1H3 & oHed ;

9 10
2Bes & 5B3

=
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Isotones are different elements with different chemical
properties. They occupy different positions in periodic
table. They can be separated by chemical analysisand mass
spectrometers

ISOBARS

These are nuclei of different elements having same A but
different N and Z.

eg (C%and N¥ ;  [Ar%0 and ,,Ca™

Isobars are different elements with different chemical
properties. They occupy different positions in periodic
table. They can be separated by chemica analysis but
cannot be separated by mass spectrometers

MIRRORNUCLEI
These are nuclei with same A but in which neutron and
proton number are interchanged.

eg 4Bel(z=4, N=3) and ;Lij(Z=3 N=4)

ISOMERNUCLEI
Thesearenuclel with sameA and same Z but differ in their
nuclear energy states. They have different life times and
internal structure. These nuclei have different radioactive
properties. e.g. Co% & Co%0+

NUCLEARFORCES
The strong forces of attraction which firmly hold the
nucleons in the small nucleus and account for stability of
nucleus are called as nuclear forces.

Characteristicsof nuclear force:
1. Thenuclear forceisashort rangeforce.
() They are appreciable when distance between nucleons
isof theorder of 2.2x 10715 m
(i) They become negligible when distance between
nucleonsis greater than 4.2 x 1071° m
(iii) When distance between two nucleons is less than
1x10-15 mthe nuclear forcesbecome strongly repulsive
2. Nuclear forcesarestrongest forcein nature
Natureof force Relativestrength Interactiontime

Nuclear 1 -10% 10722 sec
Electromagnetic 103 - 1036 10715 sec
Weak 10713-10%6 1078 sec
Gravitationa ~ 10739-1 102 sec

3. Nuclear forcesarechargeindependent

(@) forcebetween apair of protons, apair of neutrons and
apair of neutron and proton is equal.
F(n-n)=F(p-p)=F(n-p)

(b) The net force between pair of neutrons and a pair of
neutron and proton is equal. This is dightly greater
than force between pair of protons because force
between protons is reduced due to electrostatic
repulsion

Net force F (n—n) = Net force F(n—p) > Net force F (p—p)

4. Nuclear forcesarespin dependent

(@ Nuclear force depends on relative orientation of spins

between two interacting nucleons

(b) The force of attraction between two nucleons with
parallel spin is greater than force between nucleons
with antiparallel spin.

(c) Deutron is formed in a bound state only if spins of
neutron and proton are parallel.

5. Nuclear forcesshow saturation property

(@ The nucleon in nucleus interacts with its nearest
neighbour only.

(b) 1t remains unaffected by the presence of other
surrounding nucleons.

(¢) The nuclear force between a pair of nucleonsin light
and heavy nucleus is egqual.

6. Nuclear forcesarenon-central forces

(@ They do not act along line joining the centre of two
nucleons.

(b) Thenon-central component depends on orientation of
spinsrelativeto linejoining the centre of two nucleons.

7.  Nuclear forcesareexchangeforces

(@ The nuclear forces originate by exchange of mesons
(n*, 7, ) between the nucleons

(b) massof meson=0.15amu =140MeV =280 x massof
electron

(©) p-p force p+tn® «—— p

n —n force n+mn® «——>n

n—p force P+ «——> N ; N+ «—— p
(d) Thetheory of exchange forces was given by Yukawa
(e) The potential energy of aparticlein thisforcefield is

given by Yukawa potential U(r) = U Oe‘” '0 wherer,,
& U, are constants.

SZEOFNUCLEUS
Rutherford in his o scattering experiment calculated the
distance of closest approach at which o particle
approaching nucleus is turned around by Coulomb
repulsion. When o particle is turned the kinetic energy
must be converted to el ectric potential energy sincecollision

iselagtic
12 Ko (z9)
2 d
. 4K Z¢?
distance of closest approach d= 2

forgoldZ =79, %mvz =7MeV = 7x1.6x103]

2x9x10% x 79x (1.6 x1071%)2

7x1.6x10713

Rutherford assumed the distance of closest approach as a
measure of size of nucleus. Radius of nucleusisrelated to
mass number asR = R0A1’ 3 where Ry is constant &
Ry=1.25x10"5m

=32x10%m

so d=

wrre
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DENSTY OF NUCLEUS

4 4
Volumeof nucleus V = EnR3= ERRSA , sovolumeV oA

Mass of nucleus = mass of protons + mass of neutrons
=mA, where mismass of one nucleon
Density of nucleus

_ mass of nucleus mA 3m

p_ = = 3
volume of nucleus gnRSA 4nRy

The nuclear density is independent of mass number A
The nuclear density is nearly constant and is equal to

_3m  3x167x107%
47R3  4x3.14x(1.25x107%)3

The nuclear density is maximum at centre of nucleus and
decreases as one moves away fromthe centre. The distance
from the centre of nucleus where density becomes 50% of
its density at centre is called nuclear radius. The high
density of nucleus indicates compactness of nucleus.

p =2.04x10"kg/ m®

ATOMICMASSUNIT
1
1 atomic mass unit (amu)= o of massof carbon (;C'?) atom

1 12
lamu= E [Wj =1.66x 10_249 =1.66 x 10727 kg
energy equivalent to 1 amu mass

E=mc? =1.66x 10727 (3x 108)2joule =1.49x 101%joule

=931.5MeV ; lamu=149x10710J=931.5MeV
Example21:
Determine the number of electrons, protons and neutrons
in8g of (C*2.

Sol. Each atom of (C*2 of has6n, 6p, 6e

6.023x10%

No. of atomsin 8gm = x 8= 4.015x 10% atoms.

number of neutron, proton and electron
=6x4.015% 1023 =24 x 1023

Example22:
Determine the ratio of radius of nuclei 5AI%7 and 5, Te'?>

Sol. As R o AY3

1/3 1/3
Rai _[Aal) _[ﬂjﬂs_(@ _3

Rre \Are) 128/ ) 75
MASSDEFECT

The mass of the nucleus is always less than the sum of
masses of hucleons composing the nucleus. Thedifference
between the rest mass of nucleus and sum of rest masses
of nucleons constituting the nucleus is known as mass
defect.

Mass defect Am=[Zmp+ (A-Z)m ] - M(;X")

Example23:
Calcul ate the mass defect of a deutron (;H?).
Given M(;H?) =2.014102 amu,
m,, = 1.008665 amu, m, = 1.007825 amu.
Sol. mass defect Am=[Zmp+ (A-2Z)m,] - M(;H?)
= (1x 1007825+ (2— 1) 1.008665) - 2.014102
Am=0.002388 amu

BINDINGENERGY

The energy required to break a nucleusinto its constituent
nucleonsand placethem at infinitedistanceiscalled binding
energy. The energy equivalent to mass defect is called
binding energy. Thisisthe energy with which the nucleons
are held together. The binding energies (~MeV) are very
large as compared to molecular binding energies (~eV)
Binding energy

BE=(Am)c2=c?[ Zmp + (A - Z)m, - M(; X")]
rest mass of protons + rest mass of neutrons = rest mass of
nucleus+ BE.

Example24:

Calculate binding energy of ¢,U?%.

Given M (U238) = 238.050783 amu, m,, = 1.008665amu and
mp=1.007825amu

mass defect Am=[Zmp+ (A-Z)m ]-M (U?3)

=[92x 1.007825 (238-92) x 1.008665] —238.050783
Am=1.93421 amu

BE=1.93421x931.5MeV =1801.7 MeV

Sal.

BINDING ENERGY PERNUCLEON
Thebinding energy per nucleon of anucleusisthe average
energy required to extract anucleon fromthe nucleus.
Binding energy per nucleon

Total binding energy _ BE _ Amc?

E = =
Total number of nucleons A A

2
= %[Zmp +(A=Z)mp =Mz X™)]

The plot of binding energy per nucleon with mass number

A is shown as
910 56, 100
3 160|325 | € Mo |127
S g%, oL | 180w 19%an |23,
§ ‘He M 8o 1
2 o
= 6
Q.
3 4
o]
8 °*H
22
2 H
@0
0 50 100 150 200 250

Mass number (A)

=
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Binding energy per nucleon gives a measure of stability of
nucleus. More is binding energy per nucleon more is the
stability of nucleus. Binding energy per nucleon is small
for lighter nuclei i.e. {H, ;H? etc.

For A < 28 at A = 4n the curve shows some peaks at

,Het, BeB, C16, 016, (Ne?, ,Mg?*.
Thisrepresentsextrastability of these elementswith respect
to their neighbours. The binding energy per nucleon is
almost constant about 8.5 MeV inrange40 <A < 120. The
binding energy per nucleon ismaximum about 8.8 MeV for
Fe>6. The binding energy per nucleon decreases for

A >200 They becomeless stable and exhibit radioactivity.
In fusion lighter nuclei fuse to form heavier nuclei. The
process in accompanied by increase in binding energy per
nucleon. In fission a heavy nucleus splits into two lighter
nuclei. Here also increase in binding energy per nucleon
takes place. The heaviest stable nuclide is g3Bi?%.

Example25:
Cal cul ate the binding energy per nucleon for ,,C3%. Given
M (CI3%) = 34.9800 amu m,, = 1.008665 amu and mp =
1.007825amu.

Sol. BE=Zmp+ (A-Z)m,—M (CI®)
=17x1.007825+ 18 x 1.008665 — 34.9800 = 0.308995 amu
BE=0.308995 % 931.5=287.83MeV

- BE 287.75
B=—= =8.22
A 35 MeV/nucleon
Example26:

Themassof N'® is15.00011 amu, massof gO'6is15.99492
amu and mp = 1.00783 amu. Determine binding energy of
last proton of gO*6.

Sol. M(g0%) =M (;N19) +1m,,
binding energy of last proton =M (N5) + mp— M (;0%)
=15.00011+1.00783-15.99492=0.01302 amu=12.13 MeV

NUCLEARREACTION
The transformation of one stable nucleus into another
nucleus by bombardment with suitable high energy particles
like proton, neutron, o particle etc is known as nuclear

reaction.

XN+ HEt o O VAR 4 L+ Q
Target projectile  compound product energy
nucleus nucleus nucleus change
e

0.
1A+ Het —» Pl S0 5+ O+ nt+Q
The nuclear reactions obey following conservation laws
(@ conservation of linear momentum

(b) conservation of total energy

(c) conservation of charge

(d) conservation of number of nucleons.

(e) conservation of angular momentum.

NUCLEARFISSION
Nuclear fission was discovered by Otto Hahn and
Strassman.

The process of splitting of a heavy nucleusinto two nuclei
of comparable size and release of large energy is called
fission.

92U235 + Onl - 92U236 - 568,5114l + 36Kr92 + 30n1+ energy
U235 nucleus captures a thermal neutron

This forms a compound nucleus U236 in excited state
The shape of nucleus is distorted and nucleus splits into
two fragments emitting several neutrons.

The neutrons emitted in fission are fast neutrons. Their
energy is about 2MeV. On an average 2.5 neutrons are
emitted per fission.

The binding energy per nucleon of productsis greater than
the reactants. The energy released in fission of Uraniumis
about 200 MeV. Thefission energy released per nucleonis
about 0.84 MeV The fission of U%3> may take place by
different routes but amount of energy released per fission
isnearly equal.

92 U235 + Onl —> 92U236 —> 388r95 + 54X6139 + 20 nl
- 4le99 + 51Sb133 +4 0n1

— g La® 4+ Br¥®+3n' etc.
Thefissionfragmentsare highly radioactive. Nuclear fisson
can be explained on basisof liquid drop model. The natural
Uranium has following isotopes

02UZ4(0.006%) ; 9, UZ(0.72%) ; o, UZ8(99.27%)
9pU?38 is not fissionable. This can be converted to
plutonium which is fissionable by neutrons.

92U238 + Onl - 93Np239 + _1e0 +Vv

03 Np239 — 94Pu239 + _1e0 +V

The Uranium in which fraction of U235 isincreased from
0.7%to 2.3% iscalled enriched Uranium.

Energy released per gm of Uranium:
Energy released per gm of Uranium

_ Avogadro number
mass number

x energy released per fission

_ 6.023x10%
235

energy released by 1gmof U235 =512 x 1023 MeV

=8.2x10103=2.28 x 10* kWh =2 x 101 calorie

This energy is equivalent to

(i) energy obtained by burning 2560 kg of coal

(i) energy obtained by burning 20 tonne of explosive TNT

The energy isreleased in form of kinetic energy of fission

fragments, y—rays, heat, sound and light energy.

The fission process can take place at normal pressure and

temperature.

x 200 = 5.12 x 1023 MeV

T
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Example27:
Calculate the energy released in the fission process

92U235 + Onl 568a141 + 36Kr92 +3 Onl + Q
GivenM (U235) = 235.0439 amu, M (Bal41) =140.9129 amu
M (Kr) =91.8973 amu, m, = 1.0087 amu
Mass defect
Am=(235.0439 +91.8973) - (140.9129 + 91.8973+3 x 1.0087)
=0.2163amu=201.5MeV
2015

Energy released per nucleon = 23 0.85MeV / nucleon

Sol.

Example28:
The energy released per fission of Uranium is 200 MeV.
Determine the number of fission per second required to
generate 2MW power.
Sol. Energy obtained per fission
=200MeV =200x 1.6 x 10713 J=3.2x 10711
No. of fission per second required

6
= 2xX10° o510

T 32x1071

CHAINREACTION
In fission of Uranium atom 2.5 neutrons are produced on
an average. In favourable conditions these may produce
fission of other Uranium nuclei. At each stage number of
neutrons available for fission gets multiplied which can
cause further fission of Uranium nuclei. The process once
started continues by itself till entire Uraniumis consumed.
Thisprocessiscalled nuclear chain reaction. The neutrons
produced in each fission may be lost due to following
reasons
(@ Leakage of neutrons from the system
(b) absorption of neutrons by U238
(c) absorption of neutrons by impurities

Neutron multiplication factor
neutron multiplication factor

_ rate of production of neutrons
rate of loss of neutrons

(@ If K=1chainreactionissustained.

() Thisleadsto acontrolled chain reaction.

(i) Controlled chain reaction : When only one of the
neutron produced in each fission is able to produce
fissionthenreactioniscalled controlled chain reaction.

(iii) The energy is produced at a uniform rate.

(iv) Thisformsworking principle of nuclear reactor

(V) The size of fissionable material is called critical size
and its mass as critical mass.

(vi) Theminimum massof Uraniumfor which chainreaction
ispossibleiscalled critical mass. For U23% it is 10 kg.

(b) If K > 1 chain reaction is accelerated because number of
neutronsavailablefor fission at each stageincreasesrapidly

(i) Thisleadsto uncontrolled chain reaction

(ii) Energy is produced at rapidly increasing rate.

(iii) Thisisworking principle of atom bomb.
(iv) Thesize of material issuper critical.

() If K<Ithechainreaction stops because number of neutrons
available for fission decreases at each stage.
(i) The energy produced decreases
(i) The size of material issub critical
The rate of decay of neutrons is proportional to surface

2) of Uranium block. The rate of production of

neutrons is proportional to number of nuclel present in
Uranium block or volume (r3) of the block.

CONTROLLED CHAINREACTION/NUCLEARREACTOR
When only one of the neutron produced in each fission is
able to produce fission then reaction proceeds slowly and
is called controlled chain reaction.Nuclear reactor is a
deviceinwhich controlled nuclear chainreactionisinitiated
and maintained to produce energy. Reactors are used
(i) for power generation (ii) to produce radioactiveisotopes
used in medicine, industry and agriculture (iii) to produce
Plutonium Pu?3° used in making atom bomb
Thermal reactor Reactor in which energy is produced by
fission of U235 by slow neutron is called thermal reactor.
Main partsof reactor

(@ Fud Itisfissionablematerial used for fission. The common
fuels are U233, U235, py239

(b) Moderator These slow down the fast neutrons to thermal
neutrons. e.g. Heavy water, graphite, beryllium oxide

(¢) Control rods These help in controlling the rate of fission
by absorbing the neutrons produced in fission. e.g.
Cadmiumrods

(d) Coolant A substance which is used to remove the heat
produced and transfer it from core of nuclear reactor to the
surroundingiscalled coolant. e.g. air, water or carbondioxide

(e) Shield Thewholereactor isprotected with concretewalls2
to 2.5 m thick so that radiations emitted during nuclear
reactions do not produce harmful effects.

Very small fraction of about 1.2% of natural Uraniumfuel is
used.

BREEDERREACTOR
A reactor which can produce more fissionable fuel than it
consumesiscalled abreeder reactor. No moderator isused
inthesereactors. Sodiumisused ascoolant. The mixture of
natural Uranium and Plutonium worksasfuel.

238 , ol 239+ 239
U + ot —— U > U +y
\}
92U239 5 92Np239 +B+ v
\}
93Np239 5 92PU239 +B+ v

Using unfissonable ¢,U?38 we can produce fissionable

P239
92 -

The chain reaction is maintained by fast neutrons. About
60 to 70% of natural Uranium is used in the process.

rys
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NUCLEARFUSON

Theprocessinwhich two or morelighter nuclel combineto
form a heavy nucleus is known as nuclear fusion.

4,H' —— He*+2, 0+2v+Q

The binding energy per nucleon of product is greater than
the reactants. The energy released per nucleon is large ~
6.75MeV. Fusionispossible at high pressure (~ 108 atom)
and high temperature (~ 108 °C). The proton-proton cycle
happens at lower temperature as compared to carbon-
nitrogen cycle. Nuclear fusionin possible at aplace which
has reactants in large quantity. Hydrogen bomb works on
principle of nuclear fusion. The explosion of a hydrogen
bomb needs an explosion of atom bomb to generate required
temperature. No harmful radiationsare produced in fusion.

Example29:

Sol.

Determine the energy released in the process

(H?+ H2 — He*+Q

GivenM (;H?) =2.01471amu M (,He?) =4.00388 amu
massdefect Am=2x 2,01471-4.00388 = 0.02554 amu
energy liberated = 0.02554 x 931.5 MeV =23.79 MeV

Example30:

Sol.

Q.1

Q.2

Q.3

Q.4

Q5

The binding energies per nucleon for deutron (1H2) and
helium (2He4) are 1.1 MeV and 7 MeV respectively.
Determine energy released when two deuterons fuse to
form ahelium nucleon.

(H?+ H2 —— He*+Q
Binding energy of deutron=2x1.1=2.2 MeV

Binding energy of helium=4x7MeV =28 MeV
Energy released = (28 — 2 x 2.2) =23.6 MeV

TRYITYOURSELF-4

The energy released in afission of uranium nucleusis of
the order of:

(A)200MeV (B)20MeV

(©)200ev (D) 200meV

Number of o and B emitted during the radioactive decay

chain starting from ggRa??® and ending at g,Pb?® is::

(A) 3a, 68 (B) 40, 58

(©) 50, 4B (D) 60,6

o-rays passing through a strong uniform electric field,

get deflected

(A) Inthedirection of the electricfield.

(B) Inthedirection oppositeto that of the electric field.

(© Inthedirection perpendicular to both the electric
field and direction of motion of rays

(D) Do not get deflected at all.

When a, B, y radiations passthrough agas, their ionizing

powers, in decreasing order, are:

(A)v, 0. B (B)v.B.a

© B,y (D) B, v,

The positions of 2D, 4He and {Li are shown on the
binding energy curve as shown in figure. The energy

Q.6

Q.7

Q.8

Q9

Q.10

Q.u

released inthefusionreaction 2D + JLi — 23He + gn
will be closest to

)

>

[ A

280

§ 7.0 sHe

© 601 . i ________ o’Li

250 : is

g 40 i

~3.0

L ;

o 20 2 |

o 1.01----¢ D!

ok )

) 2 4 6 8 10

< Mass number (A)
(A) 20MeV (B) 16 MeV
(C) 8MeV (D)4MeVv

The decay of neutron inside a nucleus results in the
emission of a (from the nucleus)

(A) proton (B) gammarays

(C) dphaparticle (D) electron

When a high energy neutron bombard a ;N4 nucleus
producing a zC'4 nucleus, the other particle released is
(A) Electron (B) Positron

(C) Proton (D) Gammaray photon
When Uranium (g,U?3®) decays to lead (g,Pb?%),
number of alpha particles and beta particles emitted,

respectively, are
(A)6&6 (B)8& 8
(C)6&8 (D)8& 6

A nucleusat rest disintegratesinto two nuclear fragments

withvelocitiesintheratio 8: 27. Theratio of their nuclear

radii will be

(A)3:2 (B)9:4

(©27:8 (D)8:27

The emission of a gamma photon from a radioactive

substance is associated with

(A) the transition of an orbiting electron

(B) de excitation of the nucleus

(C) breaking of aaninter atomic bond

(D) none

In the o.-decay of aU-238 nucleusthe energy released in

thedecay isQ. The U-238 nucleuswasinitialy stationary.

Which of thefollowing is (are) true?

(A) Ratioof K.E. of a-particle and Thorium nucleusis
117:2

(B) Ratioof K.E. of Thorium nucleusand o.-particleand
1:234

(© Momentum of a-particleis (234Qm_/119] V2

(D) Recail velocity of Thorium nucleusis

(234Q/119 x 117my, ] V2
ANSWERS
D (A) 2 (© (3)(A)
@ © ©) (B) ©) ()
7 © OI®) () (A)
(10) (B) (11) (AC)
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X-RAY

ROENTGENEXPERIMENT

Roentgen discovered X-ray. While performing experiment
on electric discharge tube Roentgen observed that when
pressure inside the tube is 10~3 mm of Hg and applied
potential iskept 25 kV then some unknown radiation are
emitted by anode. These are known as X-ray.
X-raysare produced by bombarding high speed electrons
on atarget of high atomic weight and high melting point.
ToProduceX-ray ThreeThingsareRequired

(i) Source of electron

(if) Means of accelerating these electron to high speed
(iii) Target on which these high speed electron strike

COOLIDGEMETHOD

Coolidge developed thermoionic vacuum X-ray tube in
which electron are produced by thermoionic emission
method. Due to high potential difference electrons
(emitted due to thermoionic method) move towards the
target and strike from the atom of target due to which X-
ray are produced. Experimentally it isobserved that only
1% or 2% kinetic energy of electron beam is used to
produce X-ray rest of energy iswasted in form of heat.

Lead Chamber

Target

Filament

—

" =
Step-up transformer or imduction coil ~

Characteristicsof target :

(@ Must have high atomic number to produce hard
X-rays.

(b) High melting point to withstand high temperature
produced.

(¢) High thermal conductivity to remove the heat
produced.

(d) Tantalum, platinum, molybdenum and tungsten serve
astarget materials.

Control of intensity: The intensity of X-ray depend on
number of electrons striking the target and number of
electron depend on temperature of filament which can be
controlled by filament current. Thus intensity of X-ray
depend on current flowing through filament.

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

penetrating power depend on applied potential difference.

Soft X-ray Hard X-ray
Wavelength 10At0100A  0.1A-10A
Energy 12400 VA 12400 VA
A A
Penetrating power Less More
Use Radio photograph  Radio therapy

Continuous spectrum of X-ray : When high speed
electron collide from the atom of target and passes close
to the nucleus. There is coulomb attractive force due to
this electron is deaccelerated i.e. energy is decreased.
The loss of energy during deacceleration is emitted in
theform of X-rays. X-ray produced inthisway arecalled
Braking or Bremstralung radiation and form continuous
spectrum.

X-ray photon
hv \,\/
N

5

\/ K’
Target
atom

X

In continuous spectrum of X-ray all the wavelength of
X-ray are present but below a minimum value of
wavelength there is no X-ray. It is called cut off or
threshold or minimum wavelength of X-ray. Theminimum
wavelength depends on applied potential.

Lossin kinetic ener gy

lmvf —%mv% = hv + heat energy

2
If v,=0,v;=V(Infirst collision, heat = 0)
%mv2 = WVinax e Q) =mvZ=ev .. @

(HereV isapplied potential)
hc

min

=eV

Fromeqg. () and (2), MVmax =€V =

12400
X

= Apip = —— x10" ¥ mx volt

12400
volt =——
\Y

Continuous X-raysalso known aswhite X-ray. Minimum
wavelength of these spectrum only depend on applied
potential and don't depend on atomic number.

Intensity

001  Amin 0.1 1.0

Wavelength (nm)

=
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(a) Knocking out e of K shell (b) Emission of X-ray
> S0kv photon
g 420 kk by incident electron e, (}_<a— series)
§ N =1n,=2,34......... Kse_rm
s /;)M N =1n,=3,4,5...... L series
& T — N, =3, N,=4,5,6..ccccne M series

0 0.02 0.04 0.06 0.08 0.10
Wavelength (nm)

Characteristic Spectrum of X-ray : Whenthetarget of

First line of series= o ; Second lineof series =f
Third line of series=Yy

X-ray tube is collide by energetic electron it emits two ~ memmemec oo e N---- =a
type of X-ray radiation. One of them has a continuous T Y —n=4 N
spectrum whose wavel ength depend on applied potential Mf M,
while other consists of spectral lines whose wavelength I \‘: n=3 M
depend on nature of target. The radiation forming the L, M-series
line spectrumiscalled characteristic X-rays. Iiﬁ L,
When highly accelerated el ectron strike with the atom of \_\J n=2 L
target then it knockout the electron of orbit, dueto thisa L-series
vacancy is created. To fill this vacancy electron jump
from higher energy level and electromagnetic radiation Kik
are emitted which form characteristic spectrum of X-ray. Kk
Whose wavelength depend on nature of target and not ’
on applied potential. n=1 K
€ K-series
hv
(x-ray)
L
g L
§
Transition Wavdength Energy Energy difference Wavdength
N hc ~ 12400 VA
L—->K (2—)1) 7\‘K(x hVKOL EK — EL = hVKOL Ko (EK . EL) (EK _ EL)
N h E _E h N hc 12400 VA
Y - =hv KB = =
M—->K@B—1 KB KB K M KB B (EK _EM) (EK _EM)
N hc 12400 VA
ML (3—) 2) kL(x hVL(x EL - EM = hVL(l La (EL . EM) (EL . EM)

MOSELEY'SLAW
Moseley studied the characteristic spectrum of number
of many elements and observed that the square root of
thefrequency of aK-lineisclosely proportional to atomic
number of the element. Thisiscalled Moseley's law.

Jv o (Z-b)= v (Z-h)?

v=a(z-b?> . @i)
Z = atomic number of target,
v = frequency of characteristic spectrum
b = screening constant (for K-seriesb =1, L seriesb=7.4),
a = proportionality constant

FromBohr Model v = Rcz2 {i _ i} ....... (i)
2 2
ng nz

1 1
Comparing (i) and (i), 2= R¢| 5 ——
ng N

Thus proportionality constant 'a’ does not depend on
the nature of target but depend on transition.
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Bohr model Moseley'scorrection
1. For single electron species 1. For many electron species
1 1 1 1
2 AE=1367%| S - |eV 2. AE=136(Z-1)° {—2——21ev
m N Ny ns
1 1
3v=ReZ’|5-= 3. v=Rc(Z-1)? iz—iz
ny n o nz
1 1 1 1 21 1
4. = =RZ? - 4_X=R(Z—1) {—2__21
A nf n; g nz

For X-ray production, moseley formulae are used ABSORPTION OF X-RAY

because heavy metal are used.

When target is same, A o« 1

When transition is same, A oc

(Z-b)y?
Example31:
Find out wavelength of K  X-ray.
Sol. K, meanstranstionfromn,=2to n;=2andb=1forK

series.

1 /1 1

=R((Z-D%| =-—=

=

Ma {nf n%]

1 1 1 1  3R(Z-1)?
N :Fe(z—l)z{—z——z}:> _3R( ),
Mo % 2 MKa 4

R=1.097x10"'m™1, & % —912A

_ 4, 1216
3R(@Z-12 < (z-1?

7\’K0L

Example32:
TheK  X-raysemissionlinefor tungstenisat A =0.021nm.
What isthe energy difference between K and L levelsin
this atom.

W hc
Sol. Ka Ex —E_

hc 6.6x10°3% x3x108
SO; EK - EL = = 9
e 0.021x10

=9.46 x 10715 J=59 keV

Sol.

When X-ray pass through x thickness then its intensity
e HX

ly =CI)ntensity of incident X-ray,

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

| = absorbtion coefficient of material

Intensity of X-ray decrease exponentially.

Maximum absorbtion of X-ray — Lead

Minimum absorbtion of X-ray — Air

Half thickness (xy,) :
The distance travelled by X-ray when intensity become

C Xy2=—"—
i

Example33:

When X-rays of wavelength 0.5 A pass through 10 mm
thick Al sheet then their intensity isreduced to one sixth.
Find the absorption coefficient for Aluminium.

2.303 [Ioj
p=——-rIlog| —
X I

2.303

~ loge. . 2-303x0.7781
=10 Q100=—"-"

=0.198/ mm

DIFFRACTION OF X-RAY

Diffraction of X-ray is possible by crystals because the
interatomic spacing in a crystal lattice is order of
wavelength of X-raysit wasfirst verified by Lauve.
Diffraction of X-ray take place according to Bragg's law
2dsin®=nj
d = spacing of crystal plane or lattice constant or distance
between adjacent atomic plane
0 = Bragg's angle or glancing angle
¢ =Diffractingangle; n=1,2,3.......
For maximum wavelength

sno=1,n=1
= Amax = 2d
so if A > 2d diffraction is not possible i.e. solution of
Bragg's equation is not possible.

[5
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PROPERTIESOF X-RAY

*

Q1

Q.2

Q3

Q4

Q.5

Q.6

X-ray always travel with the velocity of light in straight
line because X-rays are em waves

X-ray is electromagnetic radiation it show particle and
wave both nature.

In reflection, diffraction, interference, refraction X-ray
shows wave nature whilein photoel ectric effect it shows
particle nature.

Thereis no charge on X-ray thus these are not deflected
by electric and magnetic field

X-ray areinvisible.

X-ray affect the photographic plate.

When X-ray incident on the surface of substanceit exert
force and pressure and transfer energy and momentum
Characteristic X-ray can not obtained from hydrogen
because the difference of energy level in hydrogen is
very small.

TRYITYOURSELF-

What is the essential distinction between X-rays &
y-rays
(A) y-rays have shorter wavelength than X-rays
(B) y-raysareextraterrestrial, X -raysare man-made
(©) y-rays have less penetrating power than X-rays
(D) y-rays originate from within an atomic nucleus,

X-rays from outside an atomic nucleus.
The energy of atungsten atom with avacancy in L shell
is 11.3 KeV. Wavelength of K, photon for tungsten is
21.3pm. If apotentia differenceof 62 KV isapplied across
the x-rays tube following characteristic x-rays will be

produced.
(A) K, L series (B)onlyK & L series
(C) only L series (D) none

In the Coolidge tube experiment, the short wavelength

limit of the continuous X—ray spectrumisequal to 66.3pm

(A) Electronsacceleratethrough apotential of 12.75kV
in a Coolidge tube

(B) Electronsacceleratethrough apotential of 18.75KV
in a Coolidge tube

(©) De-brogliewavelength of the electrons reaching the
anticathodeis of the order of 10 pm

(D) De-brogliewavelength of the electronsreaching the
anticathodeis0.01 A.

The potential difference applied to an X-ray tubeis V.

The ratio of debroglie wavelength of electron to the

minimum wavelength of X-ray isdirectly proportional to

(A)V (B) VY2

(C) V12 (D) independent of V

Thewavelength A of K-a, X-ray linefrom atarget element

of atomic number Z varies as

(A) Z2 (B) (Z-1)?

(O (Z+1)? (D) (Z-1)?

The minimum wavelength of the continuous X-ray

radiation, having operating potential V, is:

(A)eVinh (B) hcleV

(C)eVvihc (D) ec/hv

Q.7

Q.8

Q9

Q.10

Q.1

Q12

The potential difference applied to an X-ray tube is

increased. As aresult, in the emitted radiation :

(A) The intensity increases.

(B) Theminimum wavelengthincreases.

(© The intensity remains unchanged.

(D) The minimum wavelength is decreases.

When abeam of accelerated el ectronshitsatarget, which

one of the following wavelengths is absent in the X-ray

region of the spectrum, if thetube isoperated at 40000V ?

(A)15A (B) 1.0A

(C)05A (D)0.25A

The intensity of X-ray depends upon

(A) Kinetic energy of electron striking the target.

(B) Total momentum of the el ectrons.

(C) Number of electrons striking the target.

(D) None

Characteristic X-ray

(A) Have only discrete wavelength which are
characteristic of the target.

(B) Have all the possible wavelength.

(©) Are characteristic of speed of projectile electrons.

(D) None

Mosley law relates:

(A) Frequency of emitted X-ray with applied voltage

(B) Wavelength and intensity of X-ray.

(© Frequency of emitted X-ray with atomic number

(D) Wavelength and angle of scattering.

On a heavy atom electrons are fired with kinetic energy

E. If binding energy of electrons in this atom

correspondingtoK, L and M shellsare40.2 keV, 21.8 keV

and 11.5 keV respectively, what should be the minimum

valueof E to produced L , X-ray from the atom :

(A) 115keV (B) 21.8keV
(C)40.2keV (D) 10.3keV
AN ER
1) ) 2 (©) 3 (BO)
@ B () (D) (6)(B)
(7) O) (8 (D) ) (A)
(10) (A) (1) (©) (12) (B)
MATTERWAVE

Dual natureof light : Experimental phenomenaof light
reflection, refraction, interference, diffraction are ex-
plained only on the : basis of wave theory of light. These
phenomenaverify the wave nature of light. Experimental
phenomena of light photoelectric effect and Compton
effect, pair production and positron anhilational can be
explained only onthe basis of the particle nature of light.
These phenomena verify the particle nature of light. It is
inferred that light does not have any definite nature, rather
its nature depends on its experimental phenomenon. This
is known as the dual nature of light.

The wave nature and particle nature both can not be
possible simultaneously.

T
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DeBroglieimagined that aslight possess both wave and
particle nature, similarly matter must also posses both
nature, particle aswell aswave.

DeBroglieimagined that despite particle nature of matter,
waves must also be associated with material particles.
Wave associated with material particles, are defined as
matter waves.

DeBrogliewavelength associated with moving particles
If aparticle of mass m moving with velocity v

2

1
Kinetic energy of the particleE = —mv2= L
2 2m

Momentum of particlep=mv = \/2mgE
The wave length associated with the particlesis

~h_h h 1 1 1
b mv ZmE,kocp,kocv,koc\/E

The order of magnitude of wave lengths associated with
macroscopic particlesis 10724 A.

The smallest wavel ength whose measurement is possible
isthat of y-rays (. ~ 107° A). Thisis the reason why the
wave nature of macroscopic particlesis not observable.
The wavelength of matter waves associated with the
microscopic particles like electron, proton, neutron,
a-particle, atom, moleculeetc. isof the order of 10719 m,
it is equal to the wavelength of X-rays, which iswithin
the limit of measurement. Hence the wave nature of these
particlesis observable.

De Broglie wavelength associated with the charged
particles : Let a charged particle having charge q is
accelerated by potential differenceV

1
Kinetic energy of thisparticleE = Emvzzqv

Momentum of particlep = mv = /2mE = \/m

The De Broglie wavelength associated with charged
h h h

particle 7‘:5: J2mE = J2mav

For anéelectron:

m=9.1x1031kg, q=1.6x101°C h=6.62x10343S
De Broglie wavelength associated with electron

. 6.62x10 >
J2x9.1x103 x1.6 x 1020V

12.27x10°1° 1

N o g 12275
or = —F—— Mheler = — S0 AcocC
N =N JV

Potential difference required to stop an electron of

150.6
wavelength LisV = 2 Volt (A)?

For proton : m,=1.67 102"kg
De Broglie wavelength associated with proton

- 6.62x10"*
L P 2x167x10% x1.6x1070V

_ 0.286x10°'° _ 0286
or xp- \/V meter = N

For Deutron:
my=2x167x102"kg, qy=1.6x1071°C

. 6.62x10
LoAg=
J2x2x1.67x10% x1.6x107 9V
. 0202x10°10 Lo 022

For a particles:
q=2x1.6%x1019C, m=4x1.67x102%"kg

6.62x1074
L=
J2x4x167x10%7 x2x1.6x107 19V

DEBROGLIEWAVELENGTHASSOCIATEDWITH
UNCHARGED PARTICLES

Kinetic ener gy of uncharged particle
1 2

E= Zm2= 2

2 2m

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

/2E
Velocity of uncharged particle, v = o

Momentum of particle, p=mv = ./omE
wavelength associated with the particle,

aohoh__h
p mv 2mE
Kinetic energy of the particlein terms of its wavelength
h? h2
a2 T 5 amiaeao®
For aneutron, m=1.67 x 102" kg

6.62x10"% | 0.286x10°Y°

A=
or —F—=——— Mmeter
J2x167x10%7 x E JE

_ 0.286 A
or A= _\/E

=
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DAVISSON GERMER EXPERIMENT
There are three main parts of this experiment
(i) Electrongun  (ii) Nicklecrystal
(i) lonisation chamber (Detector)
Electron gun : Electronsof desired energy are produced
in it by the process of thermionic emission.
Nickel crystal diffractstheelectrons beam obtained from
electron gun.
lonisation chamber : It detects the electron beam
diffracted by the nickle crystal. Nickle crystal behaves
likeathreedimensional diffraction grating
Curve between the intensity (1) of diffracted electrons
and diffracting angle (¢)

A
I

»

o= o

In this experiment maximum peak is obtained in | — ¢
curve at an angle of diffraction of 50° and acceleration
potential 54 volt.

In this experiment the experimental value of De Broglie
wavelength associated with electron is obtained as 1.65
A whereas according to De Broglie theory this
wavelength comes out to be 1.66 A. In this experiment
the wave nature of electron is verified due to their
diffraction.

Diagram representing the angle of diffraction (¢) and
glancing angle ().

For maxima, path difference=ni. or 2dsin6=n\
Here, d= distance betweentwo consecutive crystal plane
or interplanar distance, n = order of diffraction

A = De broglie wavelength associated with el ectron.

6 = glancing angle, ¢ = angle of diffraction

Relation between 6 and ¢:

$=180°-26 or 6:900—%

EXPLANATION OF BOHR QUANTISATION CONDITION
According to De Broglie electron revolves round the
nucleusintheform 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
circumference is an integral multiple of De-Broglie
wavelength associated with the electron, 2xr = ni.

nh

©omvr=—
2n

Thisis the Bohr quantisation condition.

h
cAh=— & 2nr=ni
mv

Example34:

Sol.

Find theinitial momentum of el ectron if the momentum of
electronischanged by P, and the De Broglie wavelength
associated with it changes by 0.50 %.

dr d. 05 1

—x100=05= —=—>=
A A 100 200

and AP=R,
h -
pzx differentiating

__h 1__p_ldpo|_dr
A A p A

1
. M- = 5 p=200P
: 200 P m

Example35:

Sol.

Q1
Q.2
Q3

Q4

Q5
Q.6

Q.7

A deutronisaccel erated through a potential of 500 volts.
Find the potential through which asingly ionised helium
ion is to be accelerated for the same De Broglie
wavelength.

7\‘:

or mV =congtant, V =Pd., gissame

h
\J2mqV

Mpe X Ve = Mg Vg
or 4V =2x500= Ve = 250V

TRYITYOURSELF-6
Calculate the de Broglie wavelength of the electrons
accelerated through a potential difference of 56 V.
What is the momentum and speed of an electron with
kinetic energy of 120 eV.
The wavelength of light from the spectral emission line
of sodium is 589 nm. Find the kinetic energy at which a
neutron, would have the same de Broglie wavel ength.
What is the de Broglie wavelength of
(a) abullet of mass 0.040 kg travelling at the speed of
1.0km/s,
(b) aball of mass0.060 kg moving at aspeed of 1.0 nV/s,
(c) adust particle of mass 1.0 x 10-9 kg drifting with a
speed of 2.2 m/s?

For what kinetic energy of aneutron will the associated
deBroglie wavelength be 1.40 x 10-10m?

Also find the de Broglie wavelength of a neutron, in
thermal equilibriumwith matter, having anaveragekinetic
energy of (3/2) kT at 300K.

What isthe de Broglie wavelength of anitrogen molecule
inair at 300K ? Assume that the moleculeis moving with
the root-mean square speed of molecules at this
temperature. (Atomic mass of nitrogen = 14.0076 u)

AN ER
(1) 1.64A (2)591x102%kgms?; 6.5%106ms?
(3)3.79%x 10728,
(4) (8)1.66x103°m, (b) 1.1x 1032 m, (c) 3.01x 1025 m,
(5)4.19x 1072eV. (6)1.456 A
(7) 0275x10710m,

B
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ADDITIONAL EXAMPLES

Examplel:
Find the ratio of the area of orbit of first excited state of
electron to the area of orbit of ground level for hydrogen
atom.

4
ﬁ:[g} =E=16:1

2 4 .
Sol. A ocréocn®™; A, 1 1

Example2:
The activity of aradioactive substance dropsto 1/32 of its
initial valuein 7.5 h. Find the half life.

. A _[1]t/T 1 (1]7.5”—
Sol. Using Ao_ 5 or 2 2

Al 75 |
or |=| =3 or 5=? i.e. T=15 hours

Example3:
The half life of aradioactive substance is 34.65 minute. If
1022 atoms are active at any time then find the activity of

substance?
—dN
Sol. Activity A= ——=AN
dt
0.693 0.693 -
A= = 10% = 18
T " T 346560 33410 dps

Example4:
The mean life of aradioactive material for o.and 3 decay
are 1620 yearsand 520 years. What isthe half life of sample.

Sol. There are two channels of decay so l=i+i
T Ty TR
C TeT 1620 x 520 204
o it 16204520 years

Thehalf lifeT =0.693t =0.693 x 394 =273 years

Example5:
A nucleus breaks into two parts whose velocity isin ratio
2:1. Find theratio of their radius.

Sol. asper conservation of momentum m,v; + myv, =0

u3 v3 13
M _Y2 . atioof radll Ry (Al\ _{m) _[l]
m2 Vl my 2
OR;:R,=1:213
Example6:
The binding energy of ,Ne?® is 160.64 MeV. Find the
atomic mass.

Sol. Givenmg=1.007825 amuand m,, = 1.008665 amu
BE = Am02 c?[Zmp+ (A- Z)m -M]

M= Zmp+ (A-2Z) m,—-BE(amu)

160.64
931.25

M =10x1.007825+ 10 x 1.008665 — =19.992 amu.

Example7:
Find the ratio of de-Broglie wavelength of molecules of
hydrogen & heliumwhich areat 27°C & 127°C respectively.

. }\‘ —
Sol. de-Brogliewavelength, —3ka
AH h

_ N 3MpekThe
)\4 He A ISmH kTH h

JmHe h:fm (127+73) 8

my Ty m@7+273) \3

Example8:
Themassdefect inanuclear fusionreactionis0.3% . What
amount of energy is produced when 1kg of substance
undergoes fusion.

0.3

Sol. Total mass converted to energy — x1=3x1073 kg
000

Energy liberated = Amc? =3 x 1073 x (3 x 108)2
=27x10%3joule
Example 9:
Thewavelengthfor K, line of an element of atomic number
57is\. Whatisthewavelengthof K  linefor the element of
atomic number 29.
Sol. ForK , emission,

1 2 M (Z-D)* (29-1)°
_OC(Z_]') y m 2: 2
A Ay (Z,-D% (57-))
_ 56x56L
= 275808
Example10:

A metal surface isilluminated by light of two different
wavel engths 248 nm and 310 nm. The maximum speeds
of the photoelectrons corresponding to these
wavelengths are u; and u,, respectively. If the ratio

U; - Uy =2: 1and hc= 1240 eV nm, the work function of
the metal is nearly

(A)3.7eV (B)3.2eV (C)28¢eV (D)25eV

2 hc 1 2 hc
2

1
Sol. (A). ;Mup =—-W . -muz=—-W
A2 M 2 oy
: o ( \
(ﬂ\ _ }\.1 4_hC_4W—E_W ul_zJ
zJ “he Y o up
Lo
4hc hc
dhe N _aw_, 4x1240 1240 _
o M 310 248

=16-5=3W=11=3W=W=3.7¢eV

=
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QUESTION BANK CHAPTER 7 : MODERN PHYSICS
EXERCISE-1[LEVEL-1]
Chooseonecorrect responsefor each question.
PART 1. THE PHOTON (A) Orange (B) Red
. ’ " (C) Indigo (D) None of the above
Q.1 Light of wavelength SQOOAfaII$on asensitive surface. Q.11 The collector plate in an experiment on photoelectric
If thg surface has received 107 JF’“'e of energy, thT effect is kept vertically above the emitter plate. Light
what |sthelnlumber of photons falling onléhe surface “ source is put on and a saturation photo current is
Eé)) 552; xl(i ol Eg; 3552110011 recorded. An electric field is switched on which has a
' ' ertically downward direction
Q.2 AnAIRstationisbroadcasting the waves of wavelength \(/A) ITheypho\t,; c\:,:/Jrrentlwi I Ii ncrease.
iggvr\r/] itrr]%' tlr]: the rag|at| ?g E otvver OLdtha?etéansmtter '; (B) Thekinetic energy of the electronswill increase.
; » then the number of photons radi per secon (© The stopping potentia will decrease.
S 29 03t (D) The threshold wavelength will increase.
(é) ig: 11833 (g) igzi 0 Q.12 For photoelectric emission, tungsten requires light of
03 \(N;v ol aLkev photorg is)l- o Whet s 2300A. If light of 1800 A wavelength is incident then
: ' ' emission
the frequency of 1 MeV photon ( A)I Takesplace
(A) 1.24 x 1015 Hz (B) 24 x 100 Hz (B) Don't take place
(C)1.24x 1018Hz (D) 2.4 x 102 Hz (C) May or may not take place
Q.4 If we express the energy of a photon in KeV and the (D) Depends on frequency
wavelength in angstroms, t_hen energy of a photon can Q.13 According to Einstein's photoelectric equation, the
becaIEuIatedfrom the relation _ graph between the kinetic energy of photoelectrons
Eé)) E R 1122:/';V Eg)) E' t2'4 WA gjected and the frequency of incident radiation is
=12. =nv
Q.5 The wavelength of a photon is 4000 A. Calculate its =] =)
energy. i 2 /
(A)495x 107197 (B)495x 10719 (A) E (B) g
(C)4.95x 10719k (D) 4.95x 107197 =y Blar=—rvag
Q.6 Themomentum of the photon of wavelength 5000A will
be ‘
(A)13x 102" kg-m/sec  (B) 1.3x 1028 kg-m/sec 1 5
(C) 4x 10 kg-m/sec (D) 4 x 10718 kg-m/sec © & D)%
Q.7 Which of the following statements about photon < <
incorrect? Freuency Frequency
(A) Photons exert no pressure. Q.14 Which one among the following shows particle nature
(B) Momentum of photon is hv/c of light?
(© Rest mass of photon is zero. (A) Photoelectric effect (B) Interference
(D) Energy of photon ishv. (C) Refraction (D) Polarization
Q.8 When intensity of a light beam is increased — Q.15 For the graph of collector plate potential versus photo
(A) energy of photons present increases. electric current shown. If 'I' denotesintensity of incident
(B) momentum of photons present increases. radiation, then
(©) wavelength of photons present increases. -
(D) number of photons crossing a unit area per second é
increases. 3 emretion
PART 2: EXPERIMENTAL STUDY OF current
PHOTOELECTRIC EFFECT | C(,”;;mr p:late
Q.9 Slopeof Vy—vcurveis potential
%1 e Vo= Stopping pOte”“?'Bf‘ﬂfeV = frequency) (A) 15> 15> 1 (B) I <lg<lc
(© g (D)h 6 D latlstle (D)la>1a& le <lc
Q.10 When green light isincident on the surface of metal, it Q N photoelectric ettect, stopping potential depends on -

emits photo-electronsbut thereisno such emission with
yellow colour light. Which one of thecolour can produce
emission of photoelectrons

(A) frequency of incident light.
(B) nature of the emitter material.
(C) intensity of incident light.
(D) both (A) and (B).
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Q.17 According to wave theory of light, he
(A) Freguency lessthan threshold frequency isrequired (A) hc (hg— 1) (B)
for photoemission. ho—A
(B) Frequency greater than threshold frequency is
required for photoemission. © h(hg-4) D) tho -3
(O Frequency equal to that of threshold frequency is CL Ao J L Mo )

Q.18

required.
(D) A beam of sufficient high intensity isrequired.
The figure shows stopping potential Vy and frequency
v for two different metallic surfacesA and B. The work
function of A, as compared to that of B is —

VO A B
4
(B) more
(D) nothing can be said

(A) less
(C) equal

PART 3: EINSTEIN’SPHOTOELECTRIC

Q.19

Q.20

Q.21

Q.22

Q.23

EQUATION
Thework function for the surface of aluminiumis4.2 eV.
What will be the wavelength of that incident light for
which the stopping potential will be zero.
(A) 2496 A (B) 2946x 10" m
(C)2649A (D) 2946 A
If maximum vel ocity with which an electron can be emit-
ted from a photo cell is 4 x 108 cm/sec, the stopping
potential is (Mass of electron = 9 x 10731 kg)
(A) 30valt
(B) 45 volt
(C) 59 volt
(D) Informationisinsufficient
A metal surface of work function 1.07 eV isirradiated
with light of wavelength 332 nm. The retarding potential
reguired to stop the escape of photo-electronsis
(A)4.8lev (B)3.74eV
(©)265eVv (D)1.07eV
In aphotoel ectric experiment, the graph of frequency v
of incident light (in HZ) and stopping potentia V (inV) is
as shown in the figure. From figure, the value of the
Planck's constant is (e is the elementary charge)

ab cb
(A) eg (B) eg
© ex (D) e
bc ab

The photoel ectric threshold wavelength for silver is A,
The energy of the electron gjected from the surface of
silver by anincident wavelength A (A < &) will be

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q31

Q.32

PART 4: DE-BROGLIE RELATION

One electron & one proton is accelerated by equal
potential. Ratio in their de-brogliewavelength is-

Mp Me
(A) me (B) m,

One electron & one proton have equal energies then
ratio of associated de-broglie wavelength will be-

Mp
© me (D)1

(A) 1:(1836)2 (B) 41836 :1
(C)1836:1 (D) (1836)2: 1

Ratio of wavelength of deuteron & proton accelerated
by equal potential-

(A) 1742 (B)v2/1

©12 (D)1

Associated de-broglie wavelength of a electron in nth
bohr's orbit is-

2
A) %r A (B) 2mnA
©) (@Wn)A (D)mA
The kinetic energy of an electron with de-Broglie
wavelength of 0.3 nanometer is

(A)0.168eV (B)16.8eV

(C)168ev (D)25ev

When the velocity of an electronincreases, itsde Broglie
wavelength

(A) increases

(B) decreases

(C) remains same

(D) may increase or decrease

A proton, aneutron, an electron and an a-particle have
same energy. Then their de Brogliewavelengths compare
as

(A) Ap=hy>he> Ry (B)xa<xp=xn<xe

© he<hy=hn>hy (D)xezxpzxnzxa

A particle is dropped from a height H. The de Broglie
wavelength of the particle as a function of height is
proportional to —

(A)H (B) HY2
(C) HO (D) H—1/2
PART 5: DAVI N-GERMER
EXPERIMENT

In Davisson and Germer experiment, the tungsten
filament is coated with —
(A) duminiumoxide

(C) titanium oxide

(B) barium chloride
(D) bariumoxide
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Q.33 IntheDavisson and Germer experiment, the velocity of (A) 2nr (B) mr
electrons emitted from the electron gun can beincreased (© 12nr (D) 1/4nr

Q.34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

PART

by -

(A) increasing the potential difference between the
anode and filament.

(B) increasing the filament current.

(©) decreasing the filament current.

(D) decreasing the potential difference between the
anode and filament.

: RUTHERFORD’S MODEL

Rutherford’s experiments suggested that the size of the

nucleus is about

(A) 10 mto 1012 m (B)10 ¥ mto10¥m

© 10 mto104m (D) 105 mto1012m

For scattering of o-particles Rutherford suggested that

(A) mass of atom and its positive charge were
concentrated at centre of atom.

(B) only massof atomisconcentrated at centre of atom.

(©) Only positive charge of atom is concentrated at
centre of atom.

(D) Mass of atom is uniformly distributed throughout
itsvolume.

Inthe Geiger-Marsden scattering experiment, in case of

head-on collision the impact parameter should be

(A) maximum (B) minimum
(C) infinite (D) zero
PART 7 : BOHR’S MODEL

lonisation energy of an electron in ground state of a
hydrogen atom is —

(A) 136eVv (B)-13.6eV

(©) morethan13.6eV (D) lessthan 13.6 eV

The radius of hydrogen atom in its ground state is

5.3 x 10~ m, After collisionwith an electronit isfound
to have aradiusof 21.2 x 10-1Im. What isthe principal
guantum number n of the final state of the atom
(A)n=4 (B)n=2

(C)n=16 (D)n=3

The wavelength of radiation emitted is A, when an
electron jumps from the third to the second orbit of
hydrogen atom. For the el ectron jump fromthe fourth to
the second orbit of the hydrogen atom, the wavelength
of radiation emitted will be

16 20
—A —A
(A) 550 (B) o7 M0
27 25
—A —A
© 2070 (D) 160

In the Bohr model of the hydrogen atom, let R, v and E
represent the radius of the orbit, the speed of electron
and the total energy of the electron respectively. Which
guantity is proportional to the quantum number n
(A)R/E (B) Eiv

(ORE (D)VvR

For the Bohr’s first orbit of circumference 2xr, the
de-Broglie wavelength of revolving electronwill be

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

Q.48

Q.49

Q.50

Theradius of first orbit of hydrogen atomis0.53A. The

radius of itsfourth orbit will be-

(A)0.193A (B)4.24A

(C)2.12A (D)8.48A

Inwhich of thefollowing systemswill the radius of first

orbit (n = 1) be minimum?

(A) doublyionized lithium. (B) singlyionized helium.

(C) deuterium atom. (D) hydrogen atom.

The simple Bohr model cannot be directly applied to

calculate the energy levels of an atom with many

electrons. This is because —

(A) of the electrons not being subject to acentral force.

(B) of the electrons colliding with each other.

(C) of screening effects.

(D) the force between the nucleus and an electron will
no longer be given by coulomb’s law.

The angular speed of the electron in the nth orbit of

Bohr’s hydrogen atom is —

(A) directly proportional to n.

(B) inversely proportional to n¥/2.

(C) inversely proportional to n?.

(D) inversely proportional to n3.

An electron in ahydrogen atom makes atransition from

n=n, ton=n,. Thetime period of the electron in the

initial state is eight times that in the final state. The

possible values of n; and n, are —

(A)n =4,n,=2 (B) n;=8,n,=2
© n=8,n,=1 (D) ny=6,n,=2
PART 8: ATOMI PECTRA

In a sample of hydrogen like atoms all of which arein
ground state, a photon beam containing photons of
various energiesis passed. |n absorption spectrum, five
dark lines, are observed. The number of bright linesin
the emission spectrumwill be (assumethat all transitions

takes place).
(A)5 (B)10
©15 (D) None of these

Theratio of thelargest to shortest wavel engthsin Lyman
series of hydrogen spectrais

(A) 25/9 (B) 17/6

(©)95 (D)4/3

The energy of the highest energy photon of Balmer series
of hydrogen spectrum is close to

(A)13.6eV (B)34eVv

(©)15ev (D)0.85ev

If v, isthe frequency of the serieslimit of Lyman series,
v, isthe frequency of the first line of Lyman series and
visthefrequency of the serieslimit of the Balmer series,
then

(A) vi=Vvo=vy
© t-t,1

V2 V1 V3

(B) vi=vy—vs
1 1

1
(D) —-=——+-
Vi Vo V3

=
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Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

Q.58

Q.59

Q.60

Spectrum of sunlight isan examplefor

(A) Line absorption spectrum

(B) Continuous emission spectrum

(C) Continuous absorption spectrum

(D) Band emission spectrum

Pick out theINCORRECT statement fromthefollowing:

(A) Mercury vapour lamp produces line emission
spectrum.

(B) Qil flame producesline emission spectrum.

(©) Band spectrum helps us to study molecular
structure.

(D) Sunlight spectrumisan examplefor line absorption
spectrum.

Which of thefollowing spectral seriesof hydrogen atom

islying in visible range of electromagnetic wave?

(A) Paschen series (B) Pfund series

(C) Lyman series (D) Balmer series

PART9: N
Correct order is —

LE

(A) Fgravitation > Faectrostatic > Fruclear
B) F > F
© Fruciear > Felectrostatic

(D) Fgravitation > I:nuclear > Felectrostatic
Nuclear radius of gO6is3 x 10-15 m. Find the density

of nuclear matter.

gravitation > Felectrostatic
> F

nuclear

gravitation

(A) 7.5%x 101 kgm3 (B) 5.7 x 101 kgm3
(C)2.3x 10 kgm3 (D) 1.66x10Y" kgm3
Theratio of the radii of the nuclei 2 Al and ., Te*®is
approximately -

(A)6:10 (B)13:52

(C)40:177 (D)14:73

The radius of the 30Zn64 nucleusis nearly (in fm)-
(A)1.2 (B)24

(©37 (D)48

A nucleus ZXA emits 9o-particles and 53 particle. The
ratio of total protonsand neutronsin thefinal nucleusis

7-13 (Z-18)

A (a-z-23) B) (A —36)
(Z-13) Z-13)

© (a—39) ®) Az-13)

Determine the ratio of speed of electrons in hydrogen

atominits3rd & 4th orbit

(A)1:2 (B)1:3

©1:4 (D)4:3

O, molecule consists of two oxygen atoms. In the

molecule, nuclear force between the nuclei of the two

atoms

(A) is not important because nuclear forces are short-
ranged.

(B) isasimportant as electrostatic force for binding the
two atoms.

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

(©) cancels the repulsive electrostatic force between
the nuclei.

(D) isnotimportant because oxygen nucleus have equal
number of neutrons & protons.

Masses of nuclel of hydrogen, deuterium and tritiumare

inratio —

(A)1:2:3 B)1:1:1

© 1:1:2 (D)1:2:4

Therratio of the nuclear radii of the gold isotope 13 Au
and silver isotope 33’ Ag is
(A)1.23 (B)0.216

(©213 (D) 346
Let m, be the mass of a proton, m,, the mass of aneutron,

M, the mass of a 2INe nucleus and M., the mass of a

49ca nucleus. Then -

(A) My =M,y (B)yM,>2M,

© M,<2M, (D)M<10(m, + mp)

A force between two protons is same as the force
between proton and neutron. The nature of the forceis
(A) Weak nuclear force (B) Strong nuclear force
(C) Electrical force (D) Gravitationa force

PART 10: BINDING ENERGY
Binding energy per nucleon is
(A) energy required to separate proton fromthe nucleus.
(B) energy required to separate a neutron from the
nucleus.
(© energy required to separate nucleons of a nucleus.
(D) energy required to separate a proton or a neutron
(on an average) from the nucleus.
If mass equivalent to one mass of proton is completely
converted into energy then determine the energy

produced?
(A)931.49MeV (B) 731.49MeV
(C)911.49MeV (D) 431.49MeV

If mass equivalent to one mass of electroniscompletely
converted into energy then determine the energy
liberated.

(A) 1L.51MeV (B)0.51MeV
(©)3.12MeVv (D)2.12MeV

If the binding energy of deuteriumis2.23 MeV, thenthe
mass defect will be- (inam.u.)

(A) 0.0024 (B)-0.0024

(C)-0.0012 (D) 0.0012
Themassdefect for the nucleus of heliumis0.0303 am.u.
What is the binding energy per nucleon for helium in
MeV

(A)28 B)7

©4 D)1

If the binding energy per nucleon in Li” and He* nuclei
arerespectively 5.60 MeV and 7.06 MeV, then energy of

reaction Li’ +p— 2 ,He* is
(A) 19.6MeV (B) 24MeV
(C)84MeV (D) 17.3MeV
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Q.71 The mass defect in a particular nuclear reactionis 0.3 Q.82 Threea-particlesand one 3-particle decaying takesplace

Q.72

Q.73

Q.74

Q.75

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

grams. Theamount of energy liberated in kilowatt hours

o - 8m/s)
(A) 1.5x 105 (B) 25x 106
(C)3x 106 (D) 7.5x 106

The mass of JLi is 0.042 amu less than the sum of

masses of its constituents. The binding energy per
nucleon is —

(A)5.586 MeV (B) 10522 MeV
(C) 2.433MeV (D) 3.739MeV
PART 11: NUCL EAR ENERGY

How much mass has to be converted into energy to
produce electric power of 500 MW for one hour?

(A)2x10~°kg (B)1x10°kg
(C)3x10°kg (D) 4% 105kg
Commonly used moderatorsare

I.  water. 1. heavy water (D,0)

I1l. graphite IV. sodiumchloride (NaCl).
(A1, and Il (B)landll

© 1, landIV (D) All of these

Fast neutrons can easily be slowed down by
(A) the use of lead shielding.

(B) passing them through water.

(C) elastic callisionswith heavy nuclei.

(D) applyingastrong electric field.

From fission reaction of 33°U , on an average number
of neutrons (per fission) released is —

(A) 1 B)2

© 3 (D)25
PART 12: RADIOACTIVITY

Sl unit for activity is —

(A) Curie (B) Rutherford

(C) Pascal (D) Becquerel

The half life of aradioactive substanceis 20 s, thetime
taken for the sampleto decay by 7/8! of itsinitial value
is
(A)20s (B)40s
(C)60s (D)80s
For aradioactive samplehalf lift T, and disintegration
constant A arerelated as

In2
(A) Typ=In2.% (B) T1/2=T
© TypxIn2=1 (D) None of these
If t,/, isthe half life of a substance then t,, isthetime
in which substance
(A) Decays (3/4)h (B) Remains (3/4)th
(C) Decays (1/2) (D) Remains(1/2)
Thehaf-life period of radiumis 1600 years. Itsaverage
lifetimewill be
(A) 3200 years
(C) 2319 years

(B) 4800 years
(D) 4217 years

Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Q.89

Q.90

Q.91

in series from an isotope ggRa?*®. Finally the isotope
obtained will be

(A) X220 (B) 86x222

(C) x224 (D) x215

The count| ng rate observed from aradloacuve source at
t=0 second was 1600 counts per second and at t=8
seconds it was 100 counts per second. The counting
rate observed, as counts per second at t=6 seconds, will
be

(A) 400 (B)300

(©)200 (D) 150

A radioisotope hasahalf life of 75 years. Thefraction of
the atoms of this material that would decay in 150 years
will be

(A) 66.6% (B)85.5%

(C)625% (D) 75%

An atomic nucleus g, Th?32 emits several o and B radiar
tions and finally reduces to g,Pb?%. It must have emit-
ted

(A) 4a.and 2B (B) 6a.and 4P

(C) 8a.and 24B (D) 40.and 163

Inamean life of aradioactive sample

(A) About 1/3 of substance disintegrates

(B) About 2/3 of the substance disintegrates

(C) About 90% of the substance disintegrates

(D) Almost al the substance disintegrates

The radioactivity of an element becomes 1/64t" of its
origina valuein 60 sec. Thenthe half lifeperiod is
(A)5sec (B) 10sec

(C)20sec (D) 30 sec

A radioactive material has a half life of 10 days. What
fraction of the material would remain after 30 days
(A)0.5 (B)0.25

(©)0.125 (D)0.33

Two radioactive nuclei A and B are taken with their
disintegration constant A, and Az and initially N, and
Ng number of nuclei are taken then the time after which
their undisi ntegrated nuclel aresameis

Aalp 1 (Ng)
B Gop—2g) (NAJ ®) G 179) "\ Na

1 1
© g 7p). (NAJ © Gp—7g). (NAJ

Consider o and B particles and y-rays each having an
energy of 0.5 MeV. Intheincreasing order of penetrating
power, the radiation are respectively

(A) o, B,y (B)o.v,B

© B.v.a D)v.B.a

Inanuclear reactor, moderators slow down the neutrons
which come out in afission process. The moderator used
havelight nuclel. Heavy nuclei will not servethe purpose
because
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(A) they will break up.

(B) elastic collision of neutrons with heavy nuclei will
not slow them down.

(©) the net weight of the reactor would be unbearably
high.

(A) do not change for any type of radioactivity.

(B) changefor o and B radioactivity but not for
y-radioactivity.

(©) change for a-radioactivity but not for others.

(D) change for B-radioactivity but not for others.

(D) substanceswith heavy nuclei do not occur inliquid Q.93 Completethe seriesSHe — et +6Li*

Or gaseous state at room temperature.

Q.92 When a nucleus in an atom undergoes a radioactive

decay, the electronic energy levels of the atom

(A) neutrino
(C) proton

(B) antineutrino
(D) neutron

EXERCISE -2 (LEVEL-2)

Choose onecorrect responsefor each question.

Q1

Q.2

Q3

Q4

Q5

Q.6

Q7

Energy of aa-particle, having de Broglie wavel ength of
0.004A.

(A)1275eV (B) 1200KeV
(©)1200MmeV (D) 1200 GeV
De-brogliewavelength of aelectronis 10 A then velocity
will be-

(A)7.2x 10" m/s (B) 7.2x 105 /s
(C)7.2x10°m/s (D) 7.2x10*m/s
De-broglie wavelength of a rotating electron around a
nucleus of hydrogen atom at the fundamental energy
level is-

(A)0.3A (B)3.3A

(©)6.62A (D)10A

From rest a electron is accelerated between two such
points which has potential 20 & 40 volts respectively.
Associated de Broglie wavelength of electronis-
(A)0.75A (B)7.5A

(©)2.75A (D)2.75m

The de-broglie wavelength of an electron is 0.2A.
Calculate the potential differencerequired toretard it to
rest-

(A)3.76x 1073V (B)3.76 x 103V

(C)3.76x 103V (D)3765V

An a-particle and a singly ionized 4Be8 atom are
accelerated through the same potential difference. Ratio
of de-broglie wavelength-

(A)1:2 (B)2:1

©4:1 D)1:1

Two large parallel plates are connected with theterminal
of 100 V power supply. These plates have afine hole at
the centre. An electron having energy 200 eV is so
directed that it passesthrough the holes. When it comes
out it’s de-Broglie wavelength is

[

(A)1.23A
(C)2A

(B)1.75A
(D) None of these

Q.8

Q9

Q.10

Q.1

Q.12

Q.13

Q.14

Q.15

The ratio of momenta of an electron and an
o-particlewhich are accelerated from rest by apotential
difference of 100V

2mg
®) \m,

me me
© \m, © \2m,

The de-Broglie wavelength of a particle moving with a
velocity 2.25 x 108 m/s is equal to the wavelength of
photon. Theratio of kinetic energy of the particleto the
energy of the photon is (velocity of light is 3 x 108 m/s)
(A)1/8 (B)3/8

(C)5/8 (D) 7/8

When ultraviolet light of energy 6.2 eV incidents on a
aluminium surface, it emits photo electrons. If work
function for aluminium surface is 4.2 eV, then kinetic
energy of emitted electronsis-

(A)3.2x10719 (B)3.2x10717]
(C)3.2x10716) (D)3.2x10711y

If the kinetic energy of the particle is increased to 16
times its previous value, the percentage change in the
de-Broglie wavelength of the particle is X%. Find the
value of (X -70)

(A)1 B)2

©3 (D)5

Threshold wavelength for photoel ectric effect on sodium
is5000 A. Itswork functionis

(A)15J (B) 16 x10714)
(C)4x10719) (D) 4x10718)

Mercury violet light (A = 4558A) is falling on a
photosensitive material (¢, = 2.5eV). The speed of the
gjected electronsisin m/s, about

(A)3x10° (B) 2.65x 10°

(C)4x10% (D) 3.65x 107

Light of frequency 8 x 1015 Hzisincident on asubstance
of photoelectric work function 6.125eV. The maximum
kinetic energy of the emitted photoelectronsis

(A) 17ev (B)22eVv

(©27ev (D) 37eV

Ultraviolet light of wavelength 280 nm is used in an
experiment on photo electric effect with lithium (¢ =2.5
€V) cathode. Stopping potentia is

(A)1.9ev (B)19vV

(C)44ev (D)4.4V

(A)1

B
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Q.16 A monochromatic source of light operating at 200 W Q.23 A, and A, are used to illuminate the dlits. §, and 3, are

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

emits4 x 1020 photons per second. Find the wavelength

of light.
(A)400nm (B) 200N
(C)4x 1010 A (D) None

Find the number of photons emitted per second by a25
watt source of monochromatic light of wavel ength 6000A.
(A) 7.54x 1019 (B) 6.54x 1019

(©) 7.54x10% (D)8.54x 101

A student performs an experiment on photoel ectric effect
using two materialsA and B. A plot of stopping potential
(Vo) vsfrequency (v) isas shown in the figure.

Vo 4
(V) A, B
/.
25 A
5 A,
15 VA
N // //

5x104 10x 104 15x 10%
v (Hz)

Thevalue of h obtained from the experiment for both A
and B respectively is(Given electric charge of anelectron
=16x1019C)
(A) 3.2x 10734 Js,4x 10734 Js
(B) 6.4x10734Js,8x10734Js
(© 1.2x1034Js,3.2x 1034 Js
(D) 42x10734Js, 5% 1034 Js
An electron is moving with an initial velocity
V= Vpl_andisinamagnetic field
B = Bgj. Then it’s de Broglie wavelength —
(A) remains constant.
(B) increaseswithtime.
(C) decreaseswithtime.
(D) increases and decreases periodically.
‘n’ photons of wavelength “A” are absorbed by a black
body of mass ‘m’. The momentum gained by the body is

oy N 5
O ®
o o
©- © —

Theadditional energy that should be givento an el ectron
toreduceitsde-Brogliewavelength from 1 nmto 0.5 nm
(A) 2timestheinitial kinetic energy

(B) 3timestheinitial kinetic energy

(©) 0.5timestheinitial kinetic energy

(D) 4timestheinitia kinetic energy

Maximum velocity of the photoelectron emitted by a
metal is1.8 x 106 m/s. Takethe value of specific charge
of the electron is 1.8 x 1011 C kg™L. Then the stopping
potential in volt is —

(A)1 B)3

©9 (D)6

the corresponding fringewidths. The wavelength i, can
produce photoelectric effect when incident on a metal.
But the wavelength L, cannot produce photoelectric
effect. The correct relation between 3, and B, is -
(A)B1<B, (B)B1=B,

© B1>B, (D)B1=Bs

Q.24 Inaphotoelectric experiment, itisfound that the maximum

kinetic energy of photoelectrons is tripled when the
wavelength of incident light is changed from A/2 to A/4.

h
The work function of the metal is % ,wherenis

(A)1 B)2
©3 (D)4
Q.25 Findthede-Brogliewaveength of anelectronwithkinetic
energy of 120 eV.
(A)112pm (B)95pm
(©) 124pm (D) 102pm

Q.26  When a monochromatic 3W source is at 0.3m from a

photoelectric cell, the cut-off voltage and saturation
current arerespectively 0.3V and 3mA. If the power of
the source is reduced to 1W and its distance from the
cell is reduced to 0.1m then —

(A) stopping potential will be 0.1V

(B) saturation potential will be 3mA

(©) stopping potential will be 0.9V

(D) saturation current will be 9mA

Q.27 The variation of photo-current with collector potential

for different frequencies of incident radiation v,, v, and
v is as shown in the graph, then

1 Photo-current
— 1
v Saturation
current
V2 v
' |
Voz Vo2 Voi Collector potential
Retarding potential
—_—
V1 + Vo
A) v3=—7—= B)v,<v,<v
(A) va=—+ (B)vy<vp<vg

© vi>vy,>vy (D) vi=vy=vy

Q.28 A metal begins emitting photoelectronswith green light.

It will also give photoemission with
(A) bluelight (B) yellow light
(C) orangelight (D) redlight

Q.29 Polychromatic light described at a place by the equation
E =100 [sin (0.57x10%%t) + cos (nx1015t) + sin (2nx101%t)]

where EisinV/mand t in sec, fallson ametal surface
having work function 2.0 eV. The maximum kinetic energy
of the photoelectron is
(A) zero
(©2ev

(B)1ev
(D)3ev

e
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Q.30 If cisthevelocity of electromagnetic radiation, Q.39 A hydrogen atom (ionisation potential 13.6 eV) makesa

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

Q.38

eisthecharge of an electron, misthe massof an electron
and h is the Planck’s constant, then the combination of
these universal constants that is dimensionless, is

(A) me?/ (hc) (B) ch/(me)

(C)mc?/h (D) none

A beam of fast moving electrons having cross-sectional
areaA fallsnormally on aflat surface. The electronsare
absorbed by the surface and the average pressure
exerted by the electrons on this surfaceisfound to be P.
If the electrons are moving with a speed v, then the
effective current through any cross-section of the
electron beamis

(A)APe/ (mv) (B) APe/ (mv?)
(C)APv/(me) (D)APm/ (eV)

Photons are incident from vacuum on a transparent
materia with arefractiveindex nfor agiven wavelength.
Determine the momentum of the incident photon, if its
wavelength in the material isequal to A.

(A) nh/a (B) b/,

(© h/n (D) h/ A (n+1)

A beam of a-particlesof velocity 2.1 x 10’m/sisscattered
by agold (z = 79) foil. Find out the distance of closest
approach of the a-particle to the gold nucleus. The
value of charge/mass for a-particleis4.8 x 107 c/kg.
(A)25x%1014m (B)1.5x 10 %m
(C)5%x102m (D)3x101m

The ratio between total acceleration of the electron in
singly ionized helium atom and hydrogen atom (both in
ground state) is

(A)1 (B)8

©4 (D) 16

Which sample contains greater number of nuclei:
a5.00- uCi sample of 240py (half-life 6560y)

or a4.45-uCi sample of 243Am (half-life 7370y)

(A) 240py (B) 243Am

(C) Equd inboth (D) None of these

The energy required to knock out the electron in the
third orbit of a hydrogen atom is equal to

136
(A) 1366V (B) +=5 e
136 3
22y LY
© -3 D) ~1356

Inwhich of the following process the number of protons
in the nucleus increases —

(A) o-decay (B) B~ decay

(C) B* decay (D) k-capture

An electron jumps from the 41 orbit to the 2"9 orhit of
hydrogen atom. Given Rydberg’s constant R=10° cm™L.
Thefrequency in Hz of the emitted radiation will be

3 5 3 5
= %10 = %10
(A) 6 (B) 16>

© % x 10 (D) % x10M

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

transition from third excited state to first excited state.

The energy of the photon emitted in the processis

(A)1.89eVv (B) 2.55eV

(©)12.09¢Vv (D)12.75¢eV

Thewavelength of thefirst lineof Balmer seriesis6563A.

The Rydberg constant for hydrogen is about

(A) 1.09 x 107 per m (B) 1.09x 108 per m

(C) 1.09% 109 per m (D)1.09x 10°perm

Theweight based ratio of U238 and Pb?26 in asample of

rockis4: 3. If thehaf lifeof U238is4.5x 10° years, then

the age of rock is —

(A) 9.0 x 109 years (B) 6.3x 10%years

(C) 4.5%x 10%years (D) 3.78x 10%years

A nucleuswithmass number 220 initially at rest emitsan

o-particle. If the Q value of thereactionis5.5MeV, the

KE of the o particleis

(A)4.4MeV (B)5.4MeV

(C)5.6MeV (D)6.5MeV

Thewavelength of thefirst lineof Lyman seriesis 1215A,

the wavelength of first line of Balmer series will be —

(A) 4545 A (B) 5295 A

(C) 6561 A (D) 6750 A

Tritiumisanisotope of hydrogen whose nucleus Triton

contains 2 neutrons and 1 proton. Free neutrons decay

intop+ e+ v. If oneof theneutronsin Triton decays,
it would transform into He3 nucleus. This does not
happen. This is because

(A) Triton energy is less than that of a He3 nucleus.

(B) the electron created in the beta decay process
cannot remain in the nucleus.

(© both the neutrons in triton have a decay
simultaneoudly resulting in anucleuswith 3 protons,
which is not a He3 nucleus.

(D) because free neutrons decay due to external
perturbations which is absent in a triton nucleus.

A fractionf, of aradioactive sample decaysin one mean

life, and afraction f, decaysin one half life. Then

(A) f>1, (B)f, <f,

© f =1, (D) None of these

Radon has 3.8 days as its half-life. How much radon will

be left out of 15 mg mass after 38 days?

(A)1.05mg (B) 0.015mg

(©)0.231mg (D)0.50mg

For the ground state, the electron in the H-atom has an

angular momentum= 7 , according to the simple Bohr

model. Angular momentum is a vector and hence there

will beinfinitely many orbitswith the vector pointing in

all possible directions. In actuality, thisis not true,

(A) because Bohr model gives incorrect values of
angular momentum.

(B) because only one of these would have a minimum
energy.

(© angular momentum must be in the direction of spin
of electron.

(D) becausedectronsgo around only in horizontal orbits.

yre
I 140




SOAL

@ MODERNPHYSICS § QUESTIONBANK
Q.48 The energy required to excite an electron in hydrogen (A)4 B)2
atomto itsfirst excited stateis (©025 (D)0.75

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

(A)85eV (B)10.2eV

©127¢v (D)13.6ev

A spectral lineresultsfromthetransitionn=2ton=1in

the single electron system given below. Which one of

these will produce the shortest wavelength emission ?

(A)H (B)He"

(©Li*t (D) Dueterium atom

Thewavelength of thefirst line of the Lyman seriesof a

tentimesionized Naatom (Z = 11) isnearest to

(A)0.1A (B)10A

(C) 100A (D) 1000A

Which of thefollowing statement iscorrect in connection

with hydrogen spectrum

(A) The longest wavelength in the Balmer series is
longer than the longest wavelength in Lyman series.

(B) The shortest wavelength in the Balmer series is
shorter than the shortest wavelength in the Lyman
series.

(© Thelongest wavelength in both Balmer and Lyman
seriesare equal.

(D) Thelongest wavelength in Balmer seriesis shorter
than the longest wavelength in the Lyman series.

Nt level of Li2* has the same energy as the ground

state energy of the hydrogen atom. If ry and r, be the

radius of the N™ Bohr orbit of Li2* and first orbit radius

of H atom respectively, then theratio (ry/r;) is

(A)9 (B)1/9

©3 (D) None

In a hydrogen like atom, energy required to excite the

electron from its first excited state to second excited

state is 7.55 eV. The energy required to remove the

electron from its ground state is
(A)72.6eV (B)67.9eV
(©)58.6ev (D)54.4eV

Theratio of the binding energies of the hydrogen atom

in the first and the second excited statesis

(A) 14 B)4

(© 49 (D) 94

An a-particle and a free electron, both initially at rest

combine to form aHe* ion in its ground state with the

emission of asingle photon. the energy of the photonis

(A)54.4eV (B)27.2eV

(©)136eVv (D)40.8ev

An electron orbiting around the nucleus of an atom

(A) hasamagnetic dipole moment.

(B) exertsan electric force on the nucleus equal to that
on it by the nucleus.

(©) does produce a magnetic induction at the nucleus.

(D) dll of these

A radioactive sample S; having the activity A, hastwice

the number of nuclei as another sample S, of activity

A,. IfA,=2A,, thentheratio of half lifeof S; tothe half

lifeof S, is -

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

Q.64

Q.65

Q.66

Q.67

When a neutron is disintegrated to give a -particle —
(A) aneutrino aloneis emitted

(B) aproton and neutrino are emitted

(C) aproton aloneisemitted

(D) aproton and an antineutrino are emitted

When an electron jumps from the orbit n =2 to n =4,
then wavelength of the radiations absorbed will be —
(R is Rydberg’s constant).

(A)3R/16 (B)5R/16

(C)16/5R (D) 16/3R

Theratio of minimum wavelength of Lyman and Balmer
series will be —

(A)10 (B)5

(©)0.25 (D)1.25

The fraction of the initial number of radioactive nuclei
which remain undecayed after half of a half-life of the
radioactive sample is —

(A) 1/2
©) 1/ 242

1 curie represents

(A) 1 disintegration per second

(B) 106 disintegrations per second

(C) 3.7 x 1010 disintegrations per second

(D) 3.7 x 107 disintegrations per second

Theratio of the magnetic dipole moment to the angular

momentum of the electron in the 1% orbit of hydrogen

atomis —

(A)e/m (B) 2m/e

(©)me (D)e2m

If nis the orbit number of the electron in a hydrogen

atom, the correct statement among the following is

(A) hydrogen emitsinfrared rays for the electron
transitionfromn=owton=1.

(B) electronenergy iszeroforn=1

(O) electron energy varies as n?

(D) electron energy increases as n increases

The radius of 29Cu":“‘ nucleusin Fermi is

(GivenRy=1.2x 1075 m)

(A)12 B)7.7

(©)96 (D)48

In aradioactive decay, an element ZXA emitsfour

o-particles, three B-particles and eight gamma photons.

The atomic number and mass number of the resulting

final nucleus are —

(A)Z-5,A-13 (B)Z-5,A-16

(C)z-8,A-13 (D)Z-11,A-16

A radioactive nucleus has specific binding energy ‘E’.

It emitsan a-particle. Theresulting nucleus has specific

binding energy ‘E,’. Then -

(A)E,<E;

(O)E,=0

(B) 1/2
(D) V4

(B)E,>E;
(D)E,=E,
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Q.68 Inhydrogen atom, electron excitesfromground stateto Q.76 In the sun about 4 billion kg of matter is converted to

Q.69

Q.70

Q.71

Q.72

Q.73

Q.74

Q.75

higher energy state and its orbit velocity is reduced to
™ of itsinitial value. The radius of the orbit in the

ground state is R. The radius of the orbit in that higher

energy state is —

(A)3R (B)27R

©O9%R (D)2R

Decay constants of two radio-active samples A and B

are 15x and 3x respectively. The have equal number of

initial nuclei. Theratio of the number of nuclei leftinA

and B after time 1/6x is —

(A) €2 (B)el

(C) e (D)e

Mass numbers of the elementsA, B, C and D are 30, 60,

90 and 120 respectively. The specific binding energy of

themare5MeV, 8.5MeV,8MeV and 7 MeV respectively.

Then, in which of the following reaction/s energy is

released?

(aD—2B BC—->B+A (c)B—>2A

(A)in(b), (c) (B)in(a), (c)

(Q)in(a), (b) and (c) (D) onlyin(a)

Theionisation energy of an electron in the ground state

of heliumatomis24.6 eV. The energy required to remove

both the electron is —

(A)51.8eV (B)79eV

(©)38.2¢eV (D)49.2¢eV

Thefigure showsthe energy level of certain atom. When

the el ectron deexcites from 3E to E, an el ectromagnetic

wave of wavelength A isemitted. What isthe wavel ength

of the electromagnetic wave emitted when the electron

deexcitesfrom5E/3to E?

3E

5E/3

E
(A) 3 B)21
(©)51 (D) 3W/5

Pick out the correct statements from the following:

(@ Electron emission during B-decay is always
accompanied by neutrino.

(b) Nuclear forceis charge independent.

(¢) Fusionisthe chief source of stellar energy.

(A) (@, (b) correct (B) (&), (c) arecorrect

(C) only (&) iscorrect (D) (b), (c) arecorrect

A nucleus ZXA emits an a-particle with velocity v. The
recoil speed of the daughter nucleusis

A-4 4v
(A) v ®) 22
© v (D)vi4

A radioactive substance emits 100 beta particlesin the
first 2 seconds and 50 betaparticlesinthe next 2 seconds.
The mean life of the sample is —

(A) 4 seconds (B) 2 seconds

(C) (2/0.693) seconds (D) 2 x 0.693 seconds

Q.77

Q.78

Q.79

Q.80

Q.81

Q.82

Q.83

Q.84

Q.85

Q.86

energy each second. The power output of the sun in
watt is

(A) 3.6 x 102 (B) 0.36x 10%

(C) 36x 10% (D) 0.036 x 10%

What is the energy of the electron revolving in third
orbit expressedineV?

(A)L151lev (B)34eVv

(©)453ev (D)4ev

A radioactive decay can from an isotope of the original
nucleus with the emission of particles —

(A) one o and one 3 (B) onea.four B

(C) four o and one 8 (D) one o and two

A nucleus at rest splits into two nuclear parts having
radii intheratio 1: 2. Their velocitiesareintheratio
(A)4:1 (B)8:1

©2:1 (D)6:1

If an electron in hydrogen atom jumps from an orbit of
level n=3toanorbit of level n=2, theemitted radiation

has a frequency

(R = Rydberg constant., C = velocity of light)
(A) 8RC/9 (B)3RC/27

(© 5RC/36 (D)RC/I25

Total energy of electron in an excited state of hydrogen
atom is —=3.4 eV. The kinetic and potential energy of
electron in this state

(A)K=+10.2eV;U=-13.6eV
(B)K=-6.8eV;U=+3.4eV
(C)K=34eV;U=-6.8eV
(D)K=-3.4eV;U=-6.8eV

A radioactive sampleof half - life 10 days contains 1000x
nuclei. Number of original nuclei present after 5 daysis
(A) 250x (B) 500x

(C) 750x (D) 707 x

There are two radioactive substances A and B. Decay
constant of B istwo timesthat of A. Initialy, both have
equal number of nuclei. After n half lives of A, rate of
disintegration of both are equal. The value of nis
(A4 B)2

©1 (D)5

After 280 days, the activity of a radioactive sample is
6000 dps. The activity reducesto 3000dps after another
140 days. Theinitial activity of the sampleindpsis

(A) 6000 (B)9000

(C)3000 (D) 24000

If astar can convert al the He nuclel completely into
oxygen nuclei. The energy rel eased per oxygen nuclei is
[Mass of the nucleusis4.0026 amu and mass of oxygen
nucleusis 15.9994amu]

(A)7.6MeV (B)56.12MeV
(C)10.24MeV (D)23.4MeV

The largest wavelength in the ultraviolet region of the
hydrogen spectrumis 122 nm. The smallest wavelength
in the infrared region of the hydrogen spectrum (to the
nearest integer) is
(A) 802nm

(C) 1882nm

(B) 823nm
(D) 1648nm
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Q.87 In the options given below, let E denote the rest mass Q.88 For aradioactive sample the counting rate changesfrom

energy of anucleus and n aneutron. The correct option 6520 counts/minute to 3260 counts/minutein 2 minutes.
is Determine the decay constant.
2 3
236 137 97 (A) 1.78 x 10~“per sec (B) 0.78 x 10~°per sec
(A) E(92 U)> E(53 |)+ E(39Y)+ 2E(n) (C) 2.78 x 10 5per sec (D) 5.78%x1073 per sec
Q.89 What is the decay constant of a radioactive substance
(8) E(5°U)<E(&1)+ E(%Y)+ 26 whose half lifeis 5 hours
(A) 1.85% 107° per sec (B) 0.85x 107° per sec
5 5
© E(S%GU)< E(%goBa)Jr E(%Kr)Jr 2E(n) (C) 3.85x 107 per sec (D) 38.5% 107 per sec
D) E(236U)— E(14°Ba)+ E(94Kr)+ 2E(n)
92 Y|=El|5e 36
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EXERCISE - 3(NUMERICAL VALUE BASED QUESTIONYS)

NOTE : Theanswer toeach questionisaNUM ERICAL VAL UE.

Q1

Q.2

Q3

Q4

Q.5

Q.6

Q7

Q.8

Q9

Magnetic field at the centre (at nucleus) of hydrogen
like atoms (atomic no. = Z) due to motion of electronin

X

nt" orbit is proportional to Z—y .Findthevalueof x +y.

n
In Coolidge tube experiment, if applied voltage is
increased to three times, the short wavelength limit of
continuous X -ray spectrum shiftsby 20 pm. What isthe
initial voltage (inkV) applied to the tube ?
In certain experiment it has been found that theratio of
the decay current in a L-R circuit to the activity of a
radioactive sampleremains constant with time. Thetime
constant ofL-R circuit is 0.4 sec., the average life of
radioactive sampleisx/10 sec. Find the value of x.
The probability of aradioactive atom to survive 5 times
longer thanits half life periodis 27*. Find the value of x.
When a hydrogen atom emits a photon in going from
n=>5ton=1state, find itsrecoil speed (in m/s).
(Massof H-atom = 1.67 x 1027 kg)
Polonium (g,P0?1%) emits a-particles and is converted
into lead (g,Pb26). This reaction is used for producing
electric power. Polonium has half life 138.6 days.
Assuming an efficiency of 10% for the thermoelectric
machine, calculate the amount of polonium (in gm)
required to producel.2 x 107 Jof electric energy per day
at the end of 693 days. Masses of nuclel are
P0?10=209.98264amu, Ph2%6 = 205.97440 amu,
He =4.00260 amu, 1 amu =931 MeV/c?,
Avagoadro’s number = 6 x 1023 per mol.
In aslow reaction, heat is being evolved at arate about
10mW in aliquid. If the heat were being generated by
the decay of 32P, a radioactive isotope of phosphorus
that has half-life of 14 daysand emits only beta-particles
with a mean energy of 700K eV, estimate the number of
32p gtomsin the liquid. Express your answer in form of
A x 1015, Round off A to nearest integer.
[Take:In2=0.7]
The activity of afreshly prepared radioactive sampleis
1019 disintegrations per second, whose mean lifeis 10°
s. The mass of an atom of this radioisotope is 1072° kg.
The mass (in mg) of theradioactive sampleis
A silver sphere of radius 1 cm and work function 4.7 eV
is suspended from an insulating thread in freespace. It
isunder continuousillumination of 200 nm wavelength
light. As photoelectrons are emitted, the sphere gets
charged and acquiresapotential. The maximum number
of photoel ectrons emitted from the sphereisA x 102
(where 1 <A< 10). The value of Z is -

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Thework functionsof Silver and Sodium are4.6 and 2.3
eV, respectively. The ratio of the slope of the stopping
potential versus frequency plot for Silver to that of
Sodiumis—
A freshly prepared sample of aradioisotope of half-life
1386 shasactivity 103 disintegrations per second. Given
that In 2 = 0.693, the fraction of the initial number of
nuclel (expressed in nearest integer percentage) that will
decay in the first 80 s after preparation of the sample is —
Consider a hydrogen atom with its electron in the nth
orbital. An electromagnetic radiation of wavelength 90
nmisused to ionize the atom. If thekinetic energy of the
gjected electronis 10.4 eV, thenthevalue of nis
(hc=1242 eV nm)
A nuclear power planet supplying electrical power to a
village uses aradioactive material of half life T yearsas
the fuel. The amount of fuel at the beginning is such
that the total power requirement of the villageis 12.5%
of the electrical power available from the plant at that
time. If the plant isableto meet the total power needs of
the village for a maximum period of nT years, then the
value of n is—
For aradioactivematerial, itsactivity A and rate of change
. . . —-dN —dA
of itsactivity R are defined asA =4 andR = a0
where N (t) is the number of nuclei at time t. Two
radioactive sources P (mean life t) and Q (mean life 21)
have the same activity at t = 0. Their rates of change of

R n
activitiesat t =2 areRPand RQ, respectively. If R_P Y
Q

then thevalue of nis:

An electron in an excited state of Li2* ions has angular
momentum 3h/2r. The de-Broglie wavelength of the
electroninthisstateis pra, (where g, isthe Bohr radius).
The value of p is —

A hydrogen atom in its ground state is irradiated by
light of wavelength 970 A . Takinghc/ e=1.237 x 1076
€V m and the ground state energy of hydrogen atom as
-13.6eV , the number of lines present in the emission
spectrum is

The isotope £2B having a mass 12.014 u undergoes
12~ 12 ;

fB-decay to ¢“C. g"C hasan excited state of the nucleus

(X2C*) at 4.041 MeV above its ground state. If 2B

decaysto £2C+ , the maximum kinetic energy of the f -

particleinunitsof MeV is .(lu=931.5MeV/
c2, where cis the speed of light in vacuum)

—
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EXERCISE -4[PREVIOUSYEARSJEE MAIN QUESTIONS]

Q.1

Q.2

Q.3

Q4

Q5

Q.6

Q7

QS8

Q.9

Q.10

13.6 eV energy isrequired toionizethe hydrogenatom, Q.11 Two identical photocathodesreceivelight of frequencies

then the energy required to remove an electron from

n=2is— [Al EEE-2002]
(A)10.2eV (B)0eV
(C)34eV (D) 6.8¢eV

Formation of covalent bonds in compounds exhibits —
(A) Wave nature of electron [AIEEE-2002]
(B) Particle nature of electron

(C) Both wave and particle nature of electron

(D) None of these

Thework functions of potassium and sodium are 4.5eV
and 2.3eV respectively. The approximate ratio of their

threshold wavelength will be - [AIEEE-2002]
(A)1:2 (B)2:1
©1:3 (D)3:1

In Ng is the original mass of the substance of half-life
period ty;, = 5 years, then the amount of substance left

after 15 years is— [AIEEE-2002]
No No

Ok ®)
No No

© - (),

At a specific instant emission of radioactive compound
isdeflected inamagnetic field. The compound can emit
(A) Electrons (B) Protons[AIEEE-2002]
(C)He?* (D) Neutrons

A radioactive sample at any instant hasitsdisintegration
rate 5000 disintegrations per minute. After 5 minutes,
the rate is 1250 disintegrations per minute. Then, the

decay constant (per minute) is — [AIEEE-2003]
(A)0.2In2 (B)0.1In2
(©)0.8In2 (D)0.41n2

Which of the following cannot be emitted by radioactive
substances during their decay ? [AIEEE-2003]
(A) Neutrinos (B) Heliumnuclei

(C) Electrons (D) Protons

Which of the following radiations has the least
wavelength [AIEEE-2003]
(A) B-rays (B) a-rays

(C) X-rays (D) y-rays

Whena U238 nucleusoriginally at rest, decay by emitting
an alpha particle having a speed ‘u’ the recoil speed of

the residual nucleus is — [AIEEE-2003]
AU o AU
*) 234 ( )234
o oy 2
©) =23 D) 538

A nucleuswith Z =92 emits the following in a sequence
to,BLB Lo ason a0 BB o, BT, BT, a TheZ of the

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

f, and f, . If the velocities of the photo electrons (of
mass m) coming out are respectively v4 and v, then —
[AIEEE-2003]

/2
2h 2h
(A)v1+vo= [;(fﬁfzﬂ B) v +v3 =" (fr+f)

/2
2h 2h
- _ 2 2
(C)vl—vZ—[m(fl fz)} (D) v§-v3 =~ (fr-f)
Thewavelengthsinvolved in the spectrum of deuterium

(f D) are slightly different from that of hydrogen

spectrum, because — [AIEEE-2003]

(A) The nuclear forces are different in the two cases.

(B) The masses of the two nuclei are different.

(C) The attraction between the electron and the nucleus
is different in the two cases.

(D) Thesize of thetwo nuclei are different.

Which of the following atoms has the lowest ionization

potential ? [AIEEE-2003]
(A) 12Cs (B) Dar
© '§0 O YN

If the binding energy of the electron in ahydrogen atom
is 13.6 eV, the energy required to remove the electron
fromthefirst excited stateof Li**is— [AIEEE-2003]
(A)13.6eV (B)34ev

(©)1224ev (D)30.6eV

Ano-particle of energy 5 MeV isscattered through 180°
by a fixed uranium nucleus. The distance of closest

approach is of the order of — [AIEEE-2004]
(A) 1012 ¢cm (B)1019¢m
(C)1A (D) 1015 cm

Inthe nuclear fusionreaction 2H +3H — 4H +n, given

that the repulsive potential energy between the two
nuclel is ~7.7 x 10°14 J, the temperature at which the
gases must be heated to initiate the reaction is nearly —
(Boltzman constant : K = 1.38 x 10-23 Jk)[ Al EEE-2003]
(A) 10°K (B) 103K

(C) 10°K (D) 10K

A nucleus disintegrates into two nuclear parts which
havetheir velocitiesintheratio of 2 : 1. Theratio of their

nuclear sizes will be — [AIEEE-2004]
(A)3V2: 1 (B) 1: 213
(C)213:1 (D)1:3Y2

The binding energy per nucleon of deuteron (f H) and

helium nucleus(‘21 He)is1l.1MeV and 7 MeV respectively.
If two deuteron nuclei react to form a single helium

resulting nucleus is — [AIEEE-2003] nucleus, then the energy released is— [AIEEE-2004]
(A)78 (B) 82 (A)23.6MeV (B) 26.9MeV
(©74 (D) 76 (C)139MeV (D)19.2MeV
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Q.19 A radiation of energy E falls normally on a perfectly Q.27 Theintensity of gammaradiation from agiven sourceis

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

reflecting surface. The momentum transferred to the

surface is — [AIEEE-2004]
(A)Elc (B) 2E/c
(C)Elc (D) E/c?

According to Einstein’s photoelectric equation, the plot

of thekinetic energy of the emitted photo electronsfrom

ametal Vsthefrequency, of theincident radiation gives

a straight line whose slope — [AIEEE-2004]

(A) depends both on the intensity of the radiation and
the metal used.

(B) depends on the intensity of the radiation.

(C) depends on the nature of the metal used.

(D) isthe same for all metals and independent of the
intensity of the radiation.

Thework function of asubstanceis4.0 eV. The longest

wavelength of light that can cause photoelectron

emission from this substance is approximately —

(A)310nm (B) 400 nm [AIEEE-2004]

(C)540nm (D) 220nm

A photocedll isilluminated by asmall bright source placed

1maway. Whenthe samesourceof lightisplaced 1/2m

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

If the kinetic energy of a free election doubles, its

deBroglie wavelength changes by the factor

(A)1/2 B)2 [AIEEE-2005]

©1/+2 (D) V2
The diagram shows the energy levelsfor an electronin

acertain atom. Which transition shown represents the
emission of aphotonwith themost energy [A1EEE-2005]

) =

n=2

| I 1l \Y n=t

(A (B)IV
©)1 o)l

If radius of the 2/ Al nucleus is estimated to be 3.6

Fermi then the radius of 15°Te nucleus be nearly

(A) 6fermi (B) 8fermi  [AIEEE-2005]
(C) 4fermi (D) 5fermi

A nuclear transformation is denoted by X(n, o) ;u .
Which of the following is the nucleus of element of X ?

(A) 12C, (B)5'B  [AIEEE-2005]

© 2B (D) U'Be

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

Q.34

I. On passing through 36 mm of lead, itisreducedto 1/8.
Thethickness of lead which will reduce theintensity to

1/2will be [Al EEE-2005]
(A)6mm (B)9mm
(©)18mm (D)12mm

Starting with asample of pure 56Cu, 7/8 of it decaysinto
Znin 15 minutes. The corresponding half-lifeis

(A) 10min (B)15min [AIEEE-2005]
(C)5min (D) 7%2min

The energy spectrum of B-particles [number N(E) as a
function of B-energy E] emitted from aradioactive source

is — [AIEEE 2006]
m m
A Z ®Z /\ e
By E
©L O \
& C B -

The 'rad' is the correct unit used to report the

measurament of — [Al EEE 2006]

(A) thebiological effect of radiation.

(B) the rate of decay of aradioactive sourced.

(©) the ability of abeam of gammaray photonsto
produce ionsin atarget.

(D) the energy delivered by radiation to atarget.

When 3Li7 nuclei are bombarded by protons, and the

resultant nuclei are 4Be’-”, the emitted particles wil be —

[AIEEE 2006]
(A) gamma photons (B) neutrons
(C) alphaparticles (D) betaparticles

1
An alpha nucleus of energy 5 mv2 bombards a heavy

nuclear target of charge Ze. Then the distance of closest
approach for the alpha nucleus will be proportional to —
(A) v (B)1/Ze [AIEEE 2006]
(C)v2 (D) Um

If thebinding energy per nucleonin £Li and 3He nuclei
are 5.60 MeV and 7.06 MeV respectively, then in the

reactionp+ £Li — 2 3He energy of proton must be —

[AIEEE 2006]
(A) 146 MeV (B) 39.2MeV
(C) 28.24MeV (D) 17.28MeV

The threshold frequency for a metallic surface
corresponds to an energy of 6.2 eV and the stopping
potential for aradiation incident on this surfaceis5 V.
The incident radiation lies in — [Al EEE 2006]
(A) visibleregion (B) X-ray region

(C) ultra-violet region (D) infra-red region
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Q.35 Thetimetaken by a photoel ectron to come out after the 1 1
photon strikes is approximately — [AIEEE 2006] (C) Ty = 1y n2 (D) Tpoc —5 .,y n2
(A) 1016 s (B)101s n n
(C) 10%s (D) 1010¢g For Q.43-Q.45

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

The anode voltage of a photocell is kept fixed. The
wavelength A of the light falling on the cathode is
gradually changed. The plate current | of the photocell
varies as follows — [AIEEE 2006]

AN
o A ¢) A
©! ‘ i (D) ! i
o) A ¢) A

Which of the following transitions in hydrogen atoms

emit photons of highest frequency ?  [AIEEE-2007]
(A)n=2ton=6 (Byn=6ton=2
(C)n=2ton =1 (D)n=1ton=2

Photon of frequency v has amomentum associated with

it. If cisthevelocity of light, the momentumis-

(A)vic (B)hvc [AIEEE-2007]

(C)hv/c? (D) hvic

If M, is the mass of an oxygen isotope gO'/ , Mp and

M are the masses of a proton and a neutron

respectively, the nuclear binding energy of the isotope

is [AIEEE-2007]

(A) (M- 8Mp) C? (B) (BMp+9My— M) C?

(O MC? (D) (My—-17 M) C?

Ingammaray emissonfromanucleus [AlEEE-2007]

(A) both the neutron number and the proton number

change.
(B) there is no change in the proton number and the
neutron number.

(C) only the neutron number changes

(D) only the proton number changes

The half-life period of aradio-active element X issame

as the mean life time of another radio-active element Y.

Initially they have the same number of atoms. Then

(A) X will decay faster than Y [AIEEE 2007]

(B) Y will decay faster than X

(C) X and Y have samedecay rateinitially

(D) X and Y decay at samerate aways

Suppose an electron is attracted towards the origin by a

force (k/r) where ‘k’ is a constant and ‘r’ is the distance

of the electron from the origin. By applying Bohr model

to thissystem, theradius of the " orbital of the electron

is found to be ‘r,,” and the kinetic energy of the electron

to be ’T,’. Then which of the following is true?
[AIEEE-2008]

1
(A) T, independent of n, r,ocn(B) T, o P fpocn
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Q.43

Q.44

Q.45

Wave property of electrons implies that they will show
diffraction effects. Davisson and Germer demonstrated
this by diffracting electrons from crystals. The law
governing the diffraction from a crystal is obtained by
requiring that electron waves reflected from the planes
of atomsinacrystal interfere constructively (seefigure),

Incoming . Outgoing
Electrons ! Electrons
T T L3
d
. . . —Y
Crysta plane

If astrong diffraction peak is observed when electrons
are incident at an angle ‘i’ from the normal to the crystal
planes with distance ‘d’ between them (see figure) de
Broglie wavelength A 45 of €lectrons can be calculated
by the relationship (nisaninteger).  [AIEEE-2008]
(A) 2d cosi =niyg (B)2dsini=niyg
(C)dcosi=niyz (D)dsini=niyg
Electrons accelerated by potential V arediffracted from
acrystal. If d= 1A and i = 30°, V should be about
(h=6.6x10"34%J5,m,=9.1x 103 kg, e=1.6x 10719 C)
(A)50V (B)500V  [AIEEE-2008]
(C)1000V (D) 2000V

In an experiment, electrons are made to pass through a
narrow slit of width ‘d’ comparable to their de Broglie
wavelength. They are detected on a screen at adistance
‘D’ from the slit (see figure).

Which of the following graphs can be expected to
represent the number of electrons ‘N’ detected as a
function of the detector position ‘y” (y = 0 corresponds
to the middle of the dit) ? [AlEEE-2008]

AY AY

...... -
(B) N 4—6 d
...... .

(A) ne
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For Q.51-Q.52

Q.46

Q.47

Q.48

Q.49

Q.50

Satement-1 : Energy is released when heavy nuclei

undergo fission or light nuclel undergo fusion.

Satement-2 : For heavy nuclei, binding energy per

nucleon increaseswith increasing Z whilefor light nuclei

it decreases with increasing Z. [AIEEE-2008]

(A) Statement-1 istrue, Statement-2 istrue; Statement-2
isacorrect explanation for Statement-1.

(B) Statment-1istrue, Statement-2 istrue; Statement-2
isnot a correct explanation for Statement-1.

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

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

Thetransitionfromthe staten=4ton=3inahydrogen

likeatomresultsinultraviolet radiation. Infrared radiation

will beobtainedinthetransitionfrom- [AIEEE 2009]

(A)2—>1 (B)3—>2

©4->2 (D)5—>4

A plot of binding energy per nucleon E, against the

nuclear massM; A, B, C, D, E, F correspond to different

nuclei. Consider four reactions:

CD
Ep AB E .
||||||||| [\/I| T
()A+B>Cte (i) C>A+B+e
(i) D+E—>F+eand  (V)F>D+E+c

Where ¢ isthe energy released ? In which reactionsise

positive. [AIEEE 2009]
(A) (i) and (iv) (B) (i) and (iii)
(©) (ii)and (iv) (D) (ii) and (iii)

The surface of a metal is illuminated with the light of
400nm. Thekinetic energy of the gjected photoelectrons
wasfound to be 1.68 eV. The work function of the metal

is(hc=1240eV. nm) [AIEEE-2009]
(A)3.09ev (B)141eVv
(C)151ev (D)1.68eV

Satement-1 : When ultraviolet light is incident on a

photocell, its stopping potential isV y and the maximum

kinetic energy of the photoelectronsisK ... When the

ultraviolet light isreplaced by Xrays, bothVyand K, ..,

increase. [AIEEE 2010]

Satement-2 : Photoelectrons are emitted with speeds

ranging from zero to a maximum value because of the

range of frequencies present in the incident light.

(A) Statement-1 istrue, Statement-2 istrue; Statement-2
isthe correct explanation of Statement-1.

(B) Statement-1 istrue, Statement-2 istrue; Statement-2
isnot the correct explanation of Statement-1.

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

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

Q.51

Q.52

Q.53

Q.54

Q.55

Q.56

Q.57

A nucleus of massM + Amisat rest and decaysinto two
daughter nuclei of equal mass M/2 each.

Speed of lightisc. [AIEEE 2010]
The binding energy per nucleon for the parent nucleus
is E; and that for the daughter nuclei is E,. Then
(A)E,=2E; (B)E;>E,

(O E>E (D)E,=2E,

The speed of daughter nuclei is —

® oo
M

(A)CM+Am
C C,/A—m D)c am
© M ©) M +Am

A radioactive nucleus (initial mass number A and atomic
number Z) emits 3 a-particlesand 2 positrons. Theratio
of number of neutrons to that of protons in the final
nucleus will be — [AIEEE 2010]

A-Z-8 A-Z-4
Z-4 Z-8

o A-Z-12 o A-Z-4
© =72 D73

If a source of power 4 kW produces 1020 photons/
second, the radiation belong to a part of the spectrum

(A) (B)

caled [AIEEE 2010]
(A) X-rays (B) ultraviolet rays
(C) microwaves (D) y-rays

The half life of a radioactive substance is 20 minutes.
The approximatetimeinterval (t,-t;) between thetime
t, when 2/3 of it has decayed and time t; when 1/3 of it

had decayed is : [AIEEE 2011]
(A) 7min (B) 14 min (©)20min
(D) 28min

Energy required for the electron excitationin Li** from

thefirst tothethird Bohr orbitis: [AIEEE 2011]
(A)12.1ev (B)36.3eV
(C)108.8¢eV (D)122.4eV

Statement-1 : Ametallic surface is irradiated by a

monochromatic 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 nax @1d V are also doubled. [AIEEE 2011]

Satement-2 : The maximum kinetic energy and the

stopping potential of photoelectrons emitted froma

surface are linearly dependent on the frequency of

incident light.

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

(B) Statement-1istrue, Statement-2 istrue, Statement-2
isthe correct explanation of Statement-1.

(C) Statement-1 istrue, Statement-2 istrue, Statement-2
isnot the correct explanation of Statement-1.

(D) Statement-1 isfalse, Statement-2 istrue.
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Q.58 Hydrogen atomisexcieted from ground stateto another Q.64 The radiation corresponding to 3 — 2 transition of

Q.59

Q.60

Q.61

Q.62

Q.63

state with principal quantum number equal to 4. Then
the number of spectral linesin the emission spectrawill

be — [AIEEE 2012]
(A) 2 (B)3
©5 (D)6

Satement 1: Davisson-Germer experiment established

the wave nature of electrons. [AIEEE 2012]

Satement 2 : If electrons have wave nature, they can

interfere and show diffraction.

(A) Statement 1 isfalse, Statement 2 istrue.

(B) Statement 1istrue, Statement 2 isfalse.

(C) Statement Listrue, Statement 2istrue, Statement 2is
the correct explanation for statement 1.

(D) Statement 1 istrue, Statement 2 istrue, Statement 2
is not the correct explanation of Statement 1.

Assume that a neutron breaks into a proton and an

electron. The energy released during this process is —

(Mass of neutron= 1.6725 x 1027 kg,

Mass of proton = 1.6725 x 1027 kg,

Mass of electron = 9 x 10731 kg) [AIEEE 2012
(A)0.73MeV (B) 7.10MeV
(C)6.30MeV (D)5.4MeV

The anode voltage of a photocell is kept fixed. The
wavelength A of the light falling on the cathode is
gradually changed. The plate current | of the photocell
variesasfollows: [JEEMAIN 2013]

| |
I / \ I
(A) (B)
O A —> OLH
I I
T i I
© (D)
0 b — o —

Inahydrogen like atom electron maketransition froman
energy level with quantum number n to another with
guantum number (n — 1). If n >> 1, the frequency of
radiation emitted is proportional to —[JEE M AIN 2013]
(A) Un (B) Ur?
(C) 1n3/2 (D) Un3
Hydrogen (;H?), Deuterium (;H?), singly ionised Helium
(,He!) ™ and doubly ionised lithium (5Li8)** all have one
electron around the nucleus. Consider an electron
transition from n = 2 to n = 1. If the wave lengths of
emitted radiation are A4, A.,, A and A, respectively then
approximately which one of thefollowing is correct?
[JEEMAIN 2014]
(D1 =20,=3hg=4)y,
(B A =2p=203=],

(A) Ay =0y =4hs=90,
(C) 4y =20, =205=1,

Q.65

Q.66

Q.67

Q.68

Q.69

hydrogen atom falls on a metal surface to produce

photoelectrons. These electrons are made to enter a

magnetic field of 3 x 1074T. If the radius of the largest

circular path followed by these electronsis 10.0 mm, the

work function of themetal iscloseto [JEE MAIN 2014]

(A)0.8ev (B)1L.6eV

(C)18eVv (D)11ev

As an electron makes a transition from an excited state

to the ground state of a hydrogen-like atom/ion —

(A) Kineticenergy, potentid energy & tota energy decrease.

(B) Kinetic energy decreases, potential energy increases
but total energy remains same. [JEE MAIN 2015]

(© Kinetic energy and total energy decrease but
potential energy increases.

(D) Its kinetic energy increases but potential energy
and total energy decrease.

Match List-I (Fundamental Experiment) with List-11 (its

conclusion) and select the correct option from the

choices given below the list: [JEEMAIN 2015]
List-l List-11

() Franck-Hertzexperiment (i) Particle nature of light

(b) Photo-electric experiment (ii) Discrete energy

levels of atom
(c) Davison-Germer (i) Wave nature of
experiment electron

(iv) Structure of atom
(A) (@) - (i) (b) - (iv) () - (iii) (B) (a)-(ii) (b)- (i) (c) - (iii)
(©) (3 - (iv) (b) - (iii) (c) - (ii) (D) (@- (i) (b)-(iv) (c) - (iii)
Half-lives of two radioactive elements A and B are 20
minutes and 40 minutes, respectively. Initially the
samples have equal number of nuclei. After 80 minutes,
theratio of decayed numbersof A and B nuclei will be:
[JEEMAIN 2016]

A)4:1 (B)1:4
(©5:4 (D)1:16
Radiation of wavelength A, is incident on a photocell.
The fastest emitted electron has speed v. If the
wavelength is changed to 3)\/4, the speed of the fastest
emitted electron will be — [JEEMAIN 2016]
(A) <v (4/3)12 (B) =v (4/3)2
(C) <v (3/4)V2 (D) >v (3/4)V2
Some energy levelsof amoleculeare showninthefigure.
Theratio of the wavelengthsr, = 1, / A, isgiven by:

[JEEMAIN 2017
A J;}z

-2E M
_3E—
(A) r=2/3 (B)r=3/4
© r=13 (D)r=4/3
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Q.70 Aradioactive nucleusA with ahalf life T, decaysintoa Q.75 A sample of radioactive material A, that hasan activity

Q.71

Q.72

Q.73

Q.74

nucleusB. Att =0, thereisno nucleus B. At sometimet,
theratio of the number of B to that of Ais0.3. Then, tis

given by: [JEE MAIN 2017]
(A) t=TI0913 (B)t=Tlog(L3)
log2
T T log
© t= D) t=—
log (1.3) 2logl3

A particleA of massmand initial velocity v collideswith
aparticleB of massm/2whichisat rest. Thecollisionis
head on, and elastic. The ratio of the de-Broglie
wavelengths , to A5 after thecollisionis:

[JEEMAIN 2017]

Aa a2
A) —=2 B) ZA _ <
®) 5 Chva
7\‘A 1 7\’A 1
C)—=— D) S ==
()XB 2 ()AB 3

An electron beamisaccel erated by apotential difference
V to hit ametallic target to produce X-rays. It produces
continuous as well as characteristic X-rays. If A, is
the smallest possible wavelength of Xray in the
spectrum, thevariationof logA,... . withlogV iscorrectly

min
represented in: [JEEMAIN 2017]
[ B
(A) & (B) 2
logVv logV
©8 ) &
logV logV

If the series limit frequency of the Lyman seriesisv,
then the series limit frequency of the Pfund series is —
[JEEMAIN 2018]
(A)v 116 (B)v /25
(©)25v, (D) 16v,
An electron from various excited states of hydrogen
atom emit radiation to cometo the ground state. Let 2., ,
A, be the de Broglie wavelength of the electron in the
nth state and the ground state respectively. let A, be
the wavelength of the emitted photon in the transition
from the nth state to the ground state. For largen, (A, B
are constants) [JEEMAIN 2018]

(A) A2 ~A+BL2 (B) AZ ~ 2

B
(©) AnzA+x—2 (D) A, ~A+BL,

n

Q.76

Q.77

Q.78

Q.79

Q.80

Q.81

of 10 mCi (1 Ci = 3.7 x 1010 decays/s), has twice the
number of nuclei as another sample of a different
radioactive material B which has an activity of 20 mCi.
The correct choicesfor half livesof A and B would then
be respectively : [JEEMAIN 2019 (JAN)]
(A) 20 days and 5 days

(B) 20 daysand 10 days

(C) 5daysand 10 days

(D) 10 daysand 40 days

Surface of certain metal isfirst illuminated with light of
wavelength 1., = 350 nmand then, by light of wavelength
A, =540 nm. It isfound that the maximum speed of the
photo €electrons in the two cases differ by afactor of 2.
Thework function of themetal (ineV) iscloseto:

240

(Energy of photon = Wev )

[JEE MAIN 2019 (JAN)]
(A)18 (B)14
(©)25 (D)5.6

Radiation coming from transitionsn =2 ton = 1 of
hydrogen atoms fall on He* ionsinn=1and n=2
states. The possible transition of helium ions as they
absorb energy from theradiationiis:
[JEEMAIN2019(APRIL)]
(A)n=1—->n=4 (B)n=2—>n=4
(C)n=2—->n=5 (D)n=2—-»>n=3
Two particles move at right angle to each other. Their
de-Broglie wavelengths are ., and 1, respectively. The
particles suffer perfectly inelastic collision. The de-
Broglie wavelength A, of thefinal particle, isgivenby :
[JEEMAIN2019(APRIL)]

Mt 2.1 1
(A) .= ® 77t
1 1 1

(CRENG (D) 5="3+73
A2 a2 a3

Theratio of mass densities of nuclei of 4°Caand 160 is
closeto: [JEE MAIN 2019 (APRIL)]
(A)1 (B)2 (©)01 (D)5
A nucleus A, with a finite de-broglie wavelength 25,
undergoes spontaneous fission into two nuclel B and C
of equal mass. B fliesin the same direction asthat of A,
while C flies in the opposite direction with a velocity
equal to half of that of B. The de-Broglie wavelengths
Lgand A of B and C arerespectively :
[JEEMAIN2019(APRIL)]
(A) 20p, A (B) Aps 2hp
(C) hp, Apl2 (D) Apf2, 1 p
The time period of revolution of electron in its ground
state orbit in a hydrogen atom is 1.6 x 10716 s, The
frequency of revolution of the electroninitsfirst excited
state (ins ) is: [JEE M AIN 2020 (JAN)]
(A) 7.8x 1014 (B) 7.8 x 106
(C)3.7x 10 (D)3.7x 1016
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Q.82 On a photosensitive metal of area 1 cm? and work

Q.83

Q.84

Q.85

Q.86

function 2eV, light of intensity 6.4 x 10> W/cm? and

wavelength 310 nmisincident normally. If 1 out of every

103 photons are successful, then number of

photoel ectrons emitted in one second is 10X. Find x
[JEEMAIN 2020 (JAN)]

Activity of a substance changes from 700 s% to

500 s71in30 minute. Finditshalf-lifein minutes.
[JEEMAIN 2020 (JAN)]

(A) 66 (B)62

(©)56 (D)50

An electron & a photon have same energy E. Find the

ratio of de Broglie wavelength of electron to wavelength

of photon. Given mass of electron is m and speed of

lightisC. [JEE MAIN 2020 (JAN)]
1( E Y2 E\Y2

w HE) ef) ¢
2mE 1/2

©> o[~

When photon of energy 4.0 eV strikes the surface of a
metal A, the gected photoelectrons have maximum
kineticenergy T, €V end de-Brogliewavelength . The
maximum kinetic energy of photoelectronsliberated from
another metal B by photon of energy 4.50 €V is

Tg=(T—1.5)eV.Ifthe de-Broglie wavelength of these
photoelectronsig = 21 5, then thework function of metal

Bis: [JEE MAIN 2020 (JAN)]
(A)3eVv (B)2ev
(C)4ev (D) 15ev

The graph which depicts the results of Rutherform gold
foil experiment with o-particalesis:
0 : Scattering angle
Y : Number of scattered a-particles detected
(Plots are schematic and not to scale)
[JEEMAIN 2020 (JAN)]

Y
(A) ‘
0—>n 0 0—»n
Y Y
© \ . ® \A
0 0—n

Q.87 Aneélectron (massm) withinitial velocity

Q.88

Q.89

V=V + Vo] isinandecticfield E = ~Egk.
If Aqisinitial de-Broglie wavelength of electron, itsde-
Brogliewavelength at timetisgiven by :

[JEE M AIN 2020 (JAN)]

A
(A) — 202 (B) —2
222 e?E%
2+
I+—55 m?vg
m VO
Ao by
© (D) 0
L. e?E?t? e
2,2 1
2mevg m2v(2)

Thefirst member of the Balmer seriesof hydrogen atom
has a wavelength of 6561 A. The wavelength of the
second member of the Balmer series(innm) is:

[JEE MAIN 2020 (JAN)]
The energy required to ionise ahydrogen likeioninits
ground state is 9 Rydbergs. What is the wavelength of
theradiation emitted when the electroninthision jumps
from the second excited state to the ground state ?
[JEE MAIN 2020 (JAN)]
(B)24.2nm
(D)11.4nm

(A)35.8nm
(©)8.6nm

B
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EXERCISE -5[PREVIOUSYEARSAIPMT /NEET QUESTIONS]

PART -A (DUAL NATURE OFMATTER

(A) X-ray region (B) Ultraviolet region

AND RADIATION) (C)Vi§ibleregion (D) Infrared region

Q.1 Thework functionsfor metalsA, B and C arerespectively Q9 g p::\rtlcle of mass :.Lthmg haelsthfet sar?eSWfo(I)En%t/h a:T_ﬂn
1.92eV, 2.0eV and 5eV. According to Einstein’s equation, ectron moving with a velocity s 'he
the metal swhich will emit photoel ectronsfor aradiation velocity of thglpartlcle IS- [Allg) M T 2008]
of wavelength 41004 is/are — [AIPMT 2005] (A) 2.7 10°% m/s (B)27x10 " mis
(A) none (B)Aonly (C)9x10“m/s ) (3[1)) 3x10°tm/s
(C)Aand B only (D) all three metals (Massof dectron = 9.1 x 10~ kg) .

Q.2 A photosensitive metallic surface has work function, Q.10 The number OT photo electrons emitted for light of a
hv,. If photons of energy 2hv, fall on this surface, the frequen_cy v (higher than the threshold frequency vo) is
electrons come out with amaximum velocity of 4 x 106 proportional to [Al PM T 2009
m/s. When the photon energy is increased to 5 hvy, (A) Threshold frequency (vo) (B) Intensity of light
then maximum velocity of photoelectrons will be — © Frequency of light(v) ~ (B)v-v,

[AIPMT 2005] Q.11 The F|.gure shows a plot pf photo current versus anode
(A)2x 107 s (B) 2x 105 s potgnt_|al for ap_hoto sensitive surfacefc_)r th_ree different
(C) 8x 105ms (D) 8x 105m/s radiations. Which one of the following is a correct
Q.3 A photo-cell employs photoelectric effect to convert — statement? [AIPMT 2009]
[AIPMT 2006] photocurrent
(A) changeintheintensity of illumination into achange 4
in photoelectric current. /
(B) changeintheintensity of illumination into achange /
in the work function of the photocathode.
(©) change in the frequency of light into a change in b
the electric current. ¢ -a
(D) change in the frequency of light into a change in Retarding Anode
electricvoltage. potential potential

Q.4 In a discharge tube ionization of enclosed gas is o o
produced due to collisions between—  [AIPM T 2006] (A) Curves (8) and (b) represent incident radiations of
(A) negative electrons and neutral atoms/molecules. same frequency but of different intensities.

(B) photons and neutral atoms/molecules. (3)] C_urves (b) and (c)_ represer_wt inci de_-nt rad_ue_ttlons of
(© neutral gas atoms/molecules. different frequencies and different intensities.
(D) positive ions and neutral atoms/molecules. (© Curves (b) and (c) r_epresent |pC|deqt radiations of

Q.5  Themomentum of aphoton of energy IMeV inkg s, same frequency having same intensity.
will be — [AIPM T 2006] (D) C_urves (a) and (b)_ represent inci de_-nt rad_ue_ttlons of
(A) 7 x 1024 (B) 10-22 different frequencies and different intensities.
(C)5x 10722 (D) 0.33x 106 Q12 M onochromami clight of wavelength 657 nm isproduced

Q.6 Monochromatic light of frequency 6.0 x 1014Hz is by ahelium neonlaser._T_hepower emittedis9 mwW. The
produced by a laser. The power emitted is 2 x 10-3W. numbe_r of photons arriving per sec. on the average at a
The number of photons emitted, on the average, by the target irradiated by thisbeamiis: [AIPMT 2009]
sources per second is — [AIPMT 2007] (A)3x 1010 (B)9x 10%°
(A) 5x 1016 (B) 5% 1017 (C)3x 1010 _ . (D)9 x 1017
(C)5x 104 (D) 5x 1015 Q.13 A source S, is producing 1015 photon_s per secqnd of

Q.7 A 5watt source emitsmonochromatic light of wavelength wavelength 5000A. Another source S, is producing
5000A. When placed 0.5m away, it liberates 1.02 x 10" photons per second of wavelength 5100A.
photoel ectrons from a photosensitive metallic surface. Then (power of S,) / (power of S,) isequal to
When the source is moved to a distance of 1.0m, the [AIPMT 2010(PRE)]
number of photoelectronsliberated will bereduced by a (A)1.00 (B)1.02
factor of - [AIPMT 2007] (€104 S (D)0.98
(A)8 (B) 16 Q.14 In phptoel ectric emission proceﬁsfrom ametal of WOI_’k
(©)2 (D)4 function 1.8eV, the kinetic energy of most energetic

Q.8 The work function of a surface of a photosensitive electronsis0.5eV. The corresponding stopping potential
material is6.2 eV. Thewavelength of theincident radiation IS — [AIPMT 2011 (PRE)]
for which the stopping potential is 5 V lies in the — (A)23V (B)18V

[AIPM T 2008] @13V (D)05sV
=
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Q.15 Electronsusedinan electron microscopeareaccelerated Q.23  If the momentum of electron is changed by P, then the

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

by avoltage of 25kV. If thevoltageisincreased to 100kV
then the de-Broglie wavelength associated with the
electrons would [AIPMT 2011 (PRE)]
(A) Increases by 4 times
(B) Increases by 2 times
(C) Decreaseshby 2 times
(D) Decreases by 4 times
Light of two different frequencies whose photons have
energies1eV and 2.5eV respectively illuminateametallic
surfacewhosework functionis0.5 eV successively. Ratio
of maximum speeds of emitted electronswill be
[AIPMT 2011 (PRE)]
(A)1:5 (B)1:4
©1:2 (D)1:1
In the Davisson and Germer experiment, the vel ocity of
€ emitted from the electron gun can be increased by —
(A) Decreasing the potential difference between the
anode and filament. [AIPMT 2011 (PRE)]
(B) Increasing the potential difference between the
anode and filament.
(C) Increasing thefilament current.
(D) Decreasing thefilament current.
Photoel ectric emission occurs only when the incident
light has more than a certain minimum —
[AIPMT 2011 (PRE)]
(A) Frequency (B) Power
(C) Wavelength (D) Intensity
The threshold frequency for a photosensitive metal is
3.3 x 101 Hz. If light of frequency 8.2 x 1014 Hz is
incident on this metal, the cut-off voltage for the
photoelectric emission is nearly
[AIPMT 2011 (MAINS)]
(A)2v B)3v
©5sv (D)1v
An electron in the hydrogen atom jumps from excited
state n to the ground state. The wavelength so emitted
illuminates a photosensitive material having work
function 2.75eV. If the stopping potential of the
photoelectron is 10 V, the value of n is —
[AIPMT 2011 (MAINS)]
(A)3 B)4
(©5 (D)2
A 200 W sodium street lamp emits yellow light of
wavelength 0.6 um. Assuming it to be 25% efficient in
converting electrical energy to light, the number of
photons of yellow light it emits per second is —
[AIPMT 2012 (PRE)]
(A) 1.5x 1020 (B)6x 1018
(C) 62x 102 (D)3x 1019
Monochromatic radiation emitted when electron on
hydrogen atom jumps from first excited to the ground
state irradiates a photosensitive material. The stopping
potential is measured to be 3.57V. The threshold
frequency of themateriasis: [AIPMT 2012 (PRE)]
(A)4x 105 Hz (B) 5% 1015 Hz
(C) 1.6x 10 Hz (D) 2.5% 1015 Hz
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Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

de Broglie wavelength associated with it changes by

0.5%. The initial momentum of electron will be —
[AIPMT 2012 (MAINS)]

(A)200P (B)400P

(C)PI200 (D)100P

Two radiations of photons energies 1eV and 2.5eV,

successively illuminate aphoto sensitive metallic surface

of work function 0.5 eV. Theratio of the maximum speeds

of theemitted e ectronsis: [AIPMT 2012(MAINS)]

(A)1:4 B)1:2

©1:1 (D)1:5

The wavelength 2., of an electron and A, of a photon of

same energy E are related by — [NEET 2013]
1 2
(A) Ap < \/7»7 (B) Ap ochg
e
© Ap oc e (D) hp o \fAe

For photoel ectric emission from certain metal the cutoff
frequency isv. If radiation of frequency 2v impingeson
the metal plate, the maximum possible velocity of the
emitted electron will be (m is the electron mass) —

[NEET 2013]
(A) 2vhv/m (B) vhv/2m
(C) Vhvim (D) V2hv/m

When the energy of the incident radiation is increased
by 20%, the kinetic energy of the photoel ectrons emitted
from ametal surfaceincreased from 0.5eV t0 0.8eV. The
work function of the metal is — [AIPMT 2014]
(A)0.65eV (B) 1L.0eVv

(C)13eVv (D)15ev

If the kinetic energy of the particle is increased to 16
times its previous value, the percentage change in the
de-Broglie wavelength of the particle is— [AIPM T 2014]
(A)25 B)75

(©)60 (D)50

Which of the following figures represent the variation
of particle momentum & the associated de-Broglie

wavelength — [AIPMT 2015]
b p
t f
(A) (B)
— —
p p
t t
© (D)
—> —> L
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Q.30 A certain metallic surface is illuminated with

monochromatic light of wavelength A. The stopping
potential for photo-electric current for thislight is3V,
If the same surfaceisilluminated with light of wavelength
2).. The stopping potential is V, the threshold
wavelength for this surface for photo-electric effect is
(A) A (B)M4  [AIPMT 2015]
© M6 (D)6A

Q.38

h 2h 2h
@ B B Fma © Tma © i
The photoelectric threshold wavelength of silver is
3250 x 1019 m. Thevelocity of theelectron g ected from
asilver surface by ultraviolet light of wavelength
2536 x 10710 mis - [NEET 2017]
(Givenh=4.14x 1015 eVs& c=3x 108 m/s)

Q.31 Light of wavelength 500 nmisincident on ametal with (A)~0.6x 105ms1 (B)~61x103mst
work function 2.28 eV. Thede Brogliewavelength of the (C)~0.3x10%ms! (D)~6x10"mst
emitted electron is — [RE-AIPMT 2015] Q.39 Anelectron of massmwith aninitial velocity
(A)<2.8x102m (B)<2.8x100m V =Vgi (V, >0) entersan electric field
(C)<28%109m (D)>2.8x10%m - . .

Q.32 A photoelectric surface is illuminated successively by E=—Eqi (Bg=constant>0) at=0.1f2yisits
monochromatic light of wavelength A and A/2. If the de-Broglie wavelength initially, then its de-Broglie
maximum kinetic energy of the emitted photoelectrons wavelength at time'tis [NEET 2018]
in the second case is 3 times that in the first case, the (e )
work function of the surface of the material is: (A) Aot (B) Lo k1+ 04 J
(h = Plank's constant, ¢ = speed of light) mVo

[RE-AIPMT 2015] o
(A) ha/3n (B) ha/2), © & (D) %
(C) he/n (D) 2hc/a L1+T°t )

Q.33 Ané€lectron of mass m and a photon have same energy MVo
E. Theratio of de-Broglie wavelengths associated with Q.40 When the light of frequency 2v,, (where v, isthreshold
themis(cbeing velocity of light)[NEET 2016 PHASE 1] frequency), isincident on a metal plate, the maximum

1/ E V2 E \Y2 velocity of electrons emitted isv,. When the frequency
(A) —[—j (B) [—j of theincident radiationisincreased to Sv, the maximum
c\2m 2m . ) 0 .
o Homon o o S
12 1(2m i vV, tov,i
© c(2mE) (©) c( Ej w41 ®)1:4

Q.34 Whenametallic surfaceisilluminated with radiation of ©1:2 (D)2:1
wavelength A, the stopping potentia is V. If the same Q.41 Anelectronisaccelerated through apotential difference
surface isilluminated with radiation of wavelength 2, of 10,000 V. Itsde Brogliewavelengthis, (nearly) :
the stopping potential is /4. Thethreshold wavelength (Me=9x 1073 kg) [NEET 2019]
for themetallic surfaceis [NEET 2016 PHASE 1] (A)12.2x 1018 m (B)12.2x1012m
(A) & (B)5\ (C)12.2x 10 m (D)12.2nm
© (B2 (D)3

2% e teget i an .13y ttbe. The ol werlengt CART-3(ATOMSAND ALCLE

i -ray tube. utoff w ; ; :
. : Q.1 Thetotd energy of an electron in the first excited state
(hg) of the emlttzed X-rayis [NEET22:16 PHASEZ] of hydrogen atom is about —3.4 eV. Its Kinetic energy in
_ 2mch _<h this state is — [AIPMT 2005]
) Ro=—1 (B) 20 =11e (A) 346V (B)6:8V
N om2c2).3 (C)-3.4eV (D)-6.8eV
©*0=""5 (D) Ao =1 Q.2 Inthereaction, ZH+ $H—— fHe+ §n, if the binding

Q.36 Photonswithenergy 5 eV areincident onacathodeCin ) 2. 3 4 .

a photoelectric cell. The maximum energy of emitted energiesof TH, YH & 5He arerespectively, a band ¢
photoelectrons is 2 eV. When photons of energy 6 eV (in MeV), then the energy (in MeV) released in this
areincident on C, no photoelectronswill reach theanode reaction is — [AIPMT 2005]
A, if the stopping potential of A relativeto Cis (A)a+b+c (B)a+bh-c

[NEET 2016 PHASE 2] (C)c-a-b (D)c+a-b
(A)+3V (B)+4V Q.3 Thenuclei of which one of thefollowing pairs of nuclei
(C)-1Vv (D)-3V are isotones — [AIPMT 2005]

Q.37 The de-Broglie wavelength of a neutron in thermal (A) 3,5, 5,Ga't (B) 3584, 5586
equilibriumwith heavy water at atemperature T (Kelvin) (C) oM0%, 4yZr%2 (D) 5oCa®0, 15S%?
and mass m, is — [NEET 2017]

=
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Q4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.u

Q.12

Fission of nuclei is possible because the binding energy
per nucleon in them — [AIPMT 2005]
(A) increases with mass number at low mass numbers.
(B) decreases with mass number at low mass numbers.
(©) increases with mass number at high mass numbers.
(D) decreaseswith mass number at high mass numbers.
In any fission process, the ratio

mass of fission products i [AIPMT 2005]
mass of parent nucleus

(A)equal to 1

(B) greater than 1

(C) lessthan 1

(D) depends on the mass of the parent nucleus
lonization potential of hydrogen atom is 13.6eV.
Hydrogen atoms in the ground state are excited by
monochromatic radiation of photon energy 12.1eV.
According to Bohr’s theory, the spectral lines emitted
by hydrogen will be

(A) three (B) four
(C) one (D) two
The binding energy of deuteron is 2.2MeV and that of

[AIPM T 2006]

‘Z‘He is28 MeV. If two deuterons are fused to form one

‘Z‘He, then the energy released is—  [AIPMT 2006]

(A)23.6MeVv (B)19.2MeV
(©)30.2MeVv (D) 25.8MeV
In aradioactive material the activity at timet; isR; and
at alater timet,, it is R,. If the decay constant of the

material isA, then [AIPMT 2006]
(A) Ry = R,e(112) (B) R, = Ret2/t)
(C) Rl: R2 (D) R2 = R ei}‘(tzitl)

Theradius of germanium (Ge) nuclideismeasured to be

twicetheradius of iBe. The number of nucleonsin Ge

are — [AIPMT 2006]
(A)74 B)75
©72 (D)73
The total energy of electron in the ground state of
hydrogen atom is —13.6eV. The kinetic energy of an

electron in the first excited state is— [AIPM T 2007]
(A)6.8eV (B)13.6eV
(©17ev (D) 34eV

In aradioactive decay process, the negatively charged

emitted B-particles are — [AIPMT 2007]

(A) the electrons produced as a result of the decay of
neutrons inside the nucleus.

(B) the electrons produced as a result of collisions
between atoms.

(©) the electron orbiting around the nucleus.

(D) the electron present inside the nucleus.

A nucleus 2 X has mass represented by M (A, 2). If

M, and M, denote the mass of proton and neutron
respectively and B.E. the binding energy in MeV, then

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

[AIPMT 2007]
(A)BE.=[ZMp+(A-Z) M- M (A, 2)] c?
(B)B.E.=[ZM,, +ZM -M (A, 2)] c?
(C)B.E.= M(A Z)- ZMp (A-Z)Mn
(D)BE.=[M (A 2)-ZM,-(A-2)M,]c?

If the nucleus 2 Al has nuclear radius of about 3.5fm,

then 125Te would have its radius approximately as —

(A)9.5fm (B)12.0fm [AIPMT 2007]
(©)4.8m (D) 6.0fm

Two radioactive substances A and B have decay
constants 51 and A respectively. At t = 0 they have the
same number of nuclei. Theratio of number of nuclei of
A tothose of B will be (1/e) after atimeinterval

(A) 4 B)2. [AIPMT 2007]
© 2 (D) /40

The ground state energy of hydrogen atom is —13.6eV.
Whenitselectronisinthefirst excited state, itsexcitation

energy is [AIPMT 2008]
(A)O (B)34ev
(C)6.8ev (D)10.2eV

Two radioactive materials X, and X, have decay
constants 51 and A repetitively. If initially they have the
same number of nuclei, then the ratio of the number of
nuclei of X to that X, will be 1/e after atime

(A) e/ B)r [AIPMT 2008]
©n2 (D) /40

In aRutherford scattering experiment when aprojectile
of charge z; and mass M, approaches a target nucleus
of charge z, and mass M,, the distance of closest
approachisry. The energy of the projectileis:

(A) directly proportional to z; z, [AIPMT 2009]
(B) inversely proportional to z;

(C) directly proportional to massM 4

(D) directly proportional toM; x M,

The ionization energy of the electron in the hydrogen
atominitsground stateis13.6 eV. Theatomsare excited
to higher energy levels to emit radiations of 6
wavelengths. Maximum wavelength of emitted radiation
correspondstothetransition between:  [AIPMT 2009]
(A) n=3ton=1sdtates (B) n=2ton=1states
(© n=4ton=3dates (D) n=3ton=2dtates
The number of beta particles emitted by a radioactive
substanceistwice the number of alphaparticles emitted
by it. Theresulting daughter isan: [AIPMT 2009]
(A) isomer of parent (B) isotone of parent

(C) isotope of parent (D) isobar of parent

In the nuclear decay given below:

AX—>Z+1Y—)Z B*—>ZlB’
the particlesemitted in the sequenceare: [AIPM T 2009]

(A) v, B o B)B.v.a
© o, B,y (D)B oy
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Q.21 The energy of a hydrogen atom in the ground state is number of nuclei of P and Q are equal, the number of

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

-13.6 eV. The energy of a He* ion in the first excited

state will be [AIPMT (PRE) 2010]
(A)-13.6eV (B)-27.2eV
(C)-54.4¢V (D)-6.8eV

The activity of aradioactive sample is measured as N
counts per minute at t = 0 and N /e counts per minute at
t = 5 minutes. The time (in min) at which the activity
reduces to half itsvalueis [AIPMT (PRE) 2010]

2
(A) loge = B) fog. 2

(C)5logy g2 (D) 5log2
Themass of a ‘%Li nucleus is 0.042u |ess than the sum
of the masses of al its nucleons. The binding energy

per nucleon of gLi nucleusis nearly

[AIPMT (PRE) 2010]
(A) 46 MeV (B)5.6MeV
(©)39MeV (D)23MeV
A radioactive nucleus of mass M emits a photon of
frequency v and the nucleus recoils. The recoil energy

will be [AIPMT (PRE) 2011]
(A) hv (B) Mc2-hv
(C) h&v2/2Mc2 (D) zero

The wavelength of the first line of Lyman series for
hydrogen atom is equal to that of the second line of
Balmer seriesfor ahydrogen likeion. The atomic number
Z of hydrogen likeionis [AIPMT (PRE) 2011]
(A)2 B)3

©4 D)1

The half life of aradioactive isotope X is 50 years. It
decays to another element Y which is stable. The two
elementsX and Y werefoundtobeintheratioof 1:15in
a sample of a given rock. The age of the rock was

estimated to be [AIPMT (PRE) 2011]
(A) 100 years (B) 150 years
(C) 200 years (D) 250 years

Fusion reaction takes place at high temperature because
[AIPMT (PRE) 2011]
(A) Molecules break up at high temperature.
(B) Nuclei break up at high temperature.
(©) Atomsget ionised at high temperature.
(D) Kinetic energy is high enough to overcome the
coulomb repulsion between nuclei.

A nucleus nmx emitsonea particleand two 3 particles.
The resulting nucleus is — [AIPMT (PRE) 2011]
(A) Y B mez

(©) M5z (D) ™4X

Two radioactive nuclel Pand Q, in agiven sampledecay
into astablenuclei R. At timet = 0, number of P species
ae4Nqandthat of QareN,. Half-lifeof P (for conversion
toR) is1 minutewhere asthat of Qis2 minutes. Initially
there are no nuclei of R present in the sample. When

Q.30

Q31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

nuclei of R present in the sample would be -
[AIPMT (MAINS) 2011]
(A)3N, (B)9Ny2
(C)5Ny2 (D) 2N,
Out of the following which oneis not a possible energy
for a photon to be emitted by hydrogen atom according
to Bohr’s atomic model? [AIPMT (MAINS) 2011]
(A)19ev (B)111eVv
(©)136ev (D)0.65ev
Electronin hydrogen atomfirst jumpsfromthird excited
state to second excited state and then from second
excited to the first excited state. The ratio of the
wavelength A, : A, emitted in the two casesis
[AIPMT (PRE) 2012]
(A)7/5 (B) 27/20
(C)27/5 (D) 20/7
Amixture consists of two radioactive materialsA; and
A, with half lives of 20s and 10s respectively. Initialy
the mixture has 40 g of A; and 160 g of A,,. The amount
of thetwo inthe mixture will become equal after :
[AIPMT (PRE) 2012
(A)60s (B)80s
(C©) 20s (D)40s
An electron of a stationary hydrogen atom passes from
the fifth energy level to the ground level. The velocity
that the atom acquired as a result of photon emission

will be: [AIPMT (PRE) 2012
24hR 25hR 25m 24m

(A) 25m (®) 24m © 24hR () 25hR

(misthe mass of the 7, R, Rydberg const.&h Planck’s

constant)

Thetransitionfromthe staten=3ton=1inahydrogen
likeatomresultsin ultraviolet radiation. Infrared radiation
will be obtained in the transition from:
[AIPMT (MAINS) 2012]
A)2->1 B)3—>2 ©4->2 (D)4—3
Thehalf life of aradioactive nucleusis 50 days. Thetime
interval (t, - t;) between the time t, when 2/3 of it has
decayed and the time t; when 1/3 of it had decayed is:
[AIPMT (MAINS) 2012]
(A) 30days (B) 50 days
(C) 60 days (D) 15 days
A certain mass of hydrogen ischanged to Helium by the
process of fusion. The mass defect in fusion reaction is
0.02866 u. Theenergy liberated per uis:

(Given1u=931MeV) [NEET 2013]
(A)13.35MeV (B) 2.67MeV
(C)26.7MeV (D) 6.675MeV

The half life of aradioactive isotope X' is 20 years. It
decays to another element 'Y"' which is stable. The two
elements'X'and 'Y' werefoundtobeintheratiol: 7in
asampleof agiven rock. The age of therock isestimated

to be - [NEET 2013]
(A) 100 years (B) 40years
(C) 60years (D) 80years

=
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Q.38 Ratio of longest wavelengths corresponding to Lyman (D) The helium nucleus has more momentum than the

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

and Balmer seriesin hydrogen spectrumis [NEET 2013]
(A) 931 (B)5/27

(©) 323 (D) 7/29

Hydrogen atom in ground state is excited by a
monochromatic radiation of A = 975 A. Number of
spectral lines in the resulting spectrum emitted will be —
(A)3 B)2 [AIPMT 2014]
©6 (D)10

Thebinding energy per nucleon of gLi and é‘He nuclei
are5.60 MeV & 7.06 MeV, respectively. In the nuclear

reaction fLi+1H — jHe+ jHe+Q, the value of energy

Q released is — [AIPMT 2014]
(A)19.6 MeV (B)-2.4 MeV
(C)84MeV (D) 17.3MeV

A radioisotope X withahalf life 1.4 x 10° yearsdecays
to'Y which is stable. A sample of the rock from a cave
wasfoundtocontain X and Y intheratio1: 7. Theage
of therock is [AIPMT 2014]
(A) 1.96 x 10%years (B) 3.92 x 10%years
(C) 4.20 x 10 years (D) 8.40 x 10%years

If radius of the 3/ Al nuclesistaken to be Ry, then the

radiusof $2°Te nucleusisnearly : [AIPMT 2015]

3
®) 2Ra ® 2Ra
V3 53 13
olg) " o(F) "

Consider 3rd orbit of He™ (Helium), using

non-relativistic approach, the speed of electron in this

orbit will be — [Given K = 9 x 109 constant, Z=2and h

(Plank'sconstant) = 6.6 x 10734 Js]  [AIPMT 2015]

(A) 1.46 x 105 m/s (B)0.73x 10°nvs

(C)3.0x 108 nv's (D)2.92x 106 /s

In the spectrum of hydrogen, the ratio of the longest

wavelengthin the Lyman seriesto the longest wavelength

inthe Balmer seriesis: [RE-AIPMT 2015]

(A)5/27 (B)4/9

©94 (D) 27/5

A nucleusof uranium decaysat rest into nuclei of thorium

and helium. Then — [RE-AIPMT 2015]

(A) The helium nucleus has less kinetic energy than the
thorium nucleus.

(B) Theheliumhasmorekinetic energy than thethorium
nucleus.

(© The helium nucleus has less momentum than the
thorium nucleus.

Q.46

Q.47

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

thorium nucleus.

Given the value of Rydberg constant is 10’ m2, the
wave number of the last line of the Bamer series in
hydrogen spectrumwill be  [NEET 2016 PHASE 1]
(A) 0.025 x 104 m ! (B)0.5x 10" !
(C)0.25x 10" mt (D)25x 10" m!

If an electron in a hydrogen atom jumps from the 3rd
orhit to the 2nd orbit, it emitsaphoton of wavelength A.
When it jJumps from the 4th orbit to the 3rd orhit, the
corresponding wavelength of the photon will be

[NEET 2016 PHASE 2]
(A) (16/25) 1 (B) (9/16) 1
© (20 (D) (20/13) A

The half-life of a radioactive substance is 30 minutes.
The time (in minutes) taken between 40% decay and
85% decay of the same radioactive substance is

[NEET 2016 PHASE 2]
(A) 15 (B)30
©45 (D)60

Radioactive material 'A' has decay constant 8\ and
material 'B' hasdecay constant A. Initialy they have same
number of nuclel. After what time, the ratio of number of
nuclei of material 'B'to that 'A" will be 1/e?

(A) U7 (A)U8L [NEET 2017]
(© 1o (A) Un

Theratio of wavelengthsof thelast line of Balmer series

and the last line of Lyman series is— [NEET 2017]
(A)1 (B)4
(©05 (D)2

The ratio of kinetic energy to the total energy of an
electron in a Bohr orbit of the hydrogen atom, is
A)2:-1 (B)1:-1 [NEET 2018]
©1:1 (D)1:-2

For aradioactivematerid, hdf-lifeis10 minutes. If initidly
there are 600 number of nuclei, thetimetaken (in minutes)

for thedisintegration of 450 nuclei is  [NEET 2018]
(A)30 (B)10
©20 (D) 15

Thetotal energy of an electronin an atominan orbitis
-3.4 eV. Its kinetic and potential energies are,

respectively: [NEET 2019]
(A)-3.4eV,-3.4eV (B)-3.4eV,-6.8eV
(C)3.4eV,-6.8eV (D)3.4eV,34eV
o-particle consists of : [NEET 2019]

(A) 2 protons and 2 neutrons only.

(B) 2 electrons, 2 protons and 2 neutrons.
(C) 2 electrons and 4 protons only.

(D) 2 protonsonly.
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ANSWERKEY

EXERCISE - 1
112(3]4(5|6]|7(8]9]10[111]12(13]|14|15(16]17(18|19|20|21|22(23|24]|25
B|B|C|D|A|A|D|B|C|B|A|D|A|C|D|D|(A|D|B|C|A[D|A|B
26127(28129|30(31]32(33|34|35|36|37(38|39|40(41]|42(43|44|45|46|47(48|49]|50
A|lA|B|B|B|[D|D|A|C|A|B|A|B|B|D|A|D|A|A|D|[A|C|D|BJA
51(52|53|54|55(56(57[58]|59|60|61(62(63|64|65|66|67(68(69|70|71|72|73|74]|75
A|B|D|C|C|A|D|A|(D|A|{A|A|D|B|D|A|B|A(B|DID|A]JA|A]|B
76| 77(78)179(80|81]|82(83|84|85|86|87(88]89(90|91]92(93

bD|pfCc|{B|J]A|C|C|(C(D|B|B|B|IC|[C|A|B|B|A

>|O(>[O|>|O|>|0

EXERCISE - 2
10111]112|13|14|15]16(17]|18(19|120|21]|22|23]|24|25
AlC|B|C|B|D|A|D|B|JA|D|fC|B|IC|B|A|A|B|A|C|B|C|A]JA]A
26(27]128(29]130(31]132|33|34|35]|36(37|38(39]|140|41)|42|43)|44(45|46|47]|48]|49]50
B(B|C|B|A|D|[B|C|A|A|B|A|B|C]|B
51152|53|54]|55|56|57|58(59|60|61(62|63|64|65|66|67]|68|69|70]|71]|72|73]|74]75
A|J|C|D|D|A|D|JA|D|D|JC|A|fC|D|fD|fD|B|B|JC|C|D|B|J]A|D|B]|C
76| 77|78|179|180|81|82|83(84|85|86(87|88|89
B|A|D|B|JC|C|D|JC|C|C|B|A]|D]|C

N
N
w
I
(6]
o
~
0]
©

>lO|>|O|>|O]|>|O
O
w
>
@]
O
>
(@]
>
w
(@)

EXERCISE - 3
Q 1 2 3 4 5 6 7 8 9110|1112 13| 14| 15| 16 | 17
A 8 | 41| 4 5 4 (320]154] 1 7 1 4 2 3 2 2 6 9

EXERCISE - 4
112|3|4|5|6|7|8|9|10({11]12|13(14(15(16|17 (1819|2021 |22 |23 |24 |25
C|A|A|lA|A|D| D/ DIB|A|D/ B|]A|/D|A[(C|(B|A|BI[D|(A|B|C|[A]|A
26|27 (28 (29 (30| 31(32(33(34|35(36(37|38|39|40|41|42|43|44|45)|46|47|48|49]|50
B(DIC|IA|D|IA|/D|D|C|D|D|C|D|B
51(52|53|54|55|56|57(58(59|(60|61|/62|63|64)/65|66|67(68(69|70|71|72|73|74|75
c|s|{B|A|j]C|C|D| DJC|A|D|D|JA|D
76|77(78|79)|80|81(82(83(84(85|86|87|88|89
A|B|D|A[D|A|11T|B|A|C|C|C]|486| D

> 0P O O >0
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EXERCISE - 5 (PART-A)
112)|13|/4)|565|6|7 |89 |(10(11(12{13(14(15|16|17|18|19|20|21|22|23|24|25
c|c|A|lA|C|DID|IA|B|/B|[A|[AJ]A|D|IC|C|B|A|A|B|A|C|A|B|B
26(27)|28|29(30(31(32|33|34(35(36(37|38|39(40(4
blB|B|A|A|D|B|A|D|A|[D|A]JA]|C|C|B

> 0P 0

EXERCISE -5 (PART-B)
10 (11 (1213 |14 |15(16 (17|18 19|20 (21 (22|23 |24 |25

-
N
w
'S

Qo
o»
~
©

©

26 |27 (28 129(30(31|32(33|34|35(36|37(38(39/40(41|42|43(44)45|46(47)|48 (49|50

> 0> 0>

51|52 |53 |54
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MODERN PHYSICS where % =¢  (ro—threshold wavelength)
TRYITYOQURSELE-1 ) Oh < function of et
(1)  (C).Energy of any level o« 22, whichisgreatest for Lizt] (@ (C)- LetAbethework function of metal.
2 2
1 _ o 1 E:A mvy -E:A mvs
@ @®. ;=R [1‘71] » 2 A, 2
(3)  (A).rlongest = E 11 2
For Balmer X longestisforn=2—3 S _M2_2)_Mr,2 27 3mvp
! hc = —|vi-V5| = 4vs; —v5 |=
For Lyman A longestisforn=1— 2 Mo A 2 2 2
= A longest Balmer > longest Lyman
£ 72 m_V%_E{ 1 _i}
4 (C).E=—— =E,=»n=2=3, 2. 3[M P
n
2
N 15.3% he_mvg _he heyl 1
For Lithiumr = OT = OT =3r, Ao 2 Ao 3N A
(5 (0).1362% =1 |=755=2=2 g e _ i 2
T 2 g2) oo 3, 3 3| M Ay
E=136xZ%2=544eV >y 8
(6)  (D).Binding Energy = - ME « n?, _6:62x10 ™ x3x10 [ 4 1 }
for 1st excited staten = 2, 3 450x107° 350x107°

and for 2nd excited state, n =3.

A=393x1019] ]

+ hoi ;
(7)  (A).He" being ahydrogen like atom, 3  (A).(freq) bluelight > (freq)grem”gm
(1 1) (4)  (C). Most energetic photon frequency
= 2| ———5 = =
E=136z Lnlz n%J M =1n,=0] _ 27 x 1015 _ 105H,
2n
8 ABCD).
® )2 o oK,
mve  kZe
T: > :m% = ki? . 6.4x10°* x 10" eV =K
r - —ceV =
1.6x107%° max
mE<-M ze _-ze 1 a2
T2 v T (5) (D).h— ML2T-!
c—>LT?
1 1 e —>IT
9 C).AL=Xy =N, = -
© © 1~/ . 1 1], R[l—O]ZZ m—>M
@ @) -
(6)  (A).Let nbethe average no. of electrons per unit volume,
present in the beam of electrons, then impulse-
Onsolving, R = a1 5 momentum theorem gives
S ALZ (nAV)(mv) =F, P=FIA = n=P/(mv?)
(10 (D). APe
i =nAve= ™
TRYITYOURSELF-2
h A h p
he _ - M (©.r=-="=—— ipo=—
@O A N =¢+c.(3vp) incasel p n pgn n
c - hc 1240 .
> =¢+cv, incasell ® (D). —E—fnm~ 1100 nm=> infrared.
(9 (BCD)
(10) (B).
[ 160
I—
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(3 (BO).
TRYITYOURSELF- @ (B
8 g- (5) (D).Moseley'sLaw /f =a(z-b)
(3 (CD). = Lo (z-b)7? fork,lineb=1
@ © 6 (B).
(5)  (AD). Ny =Noe A = Ng = Noe o'B hc 12400
(7) (D).ev=— =V=—
NA - 3NB:> e—3kA _ Se—37»|3 A A (II’]A)
3(Ap-2A) _ hc 12400
e =3
7\‘ == =
n ® ) reuwolf =5, = 20000 0.31A
Ry =hp X 3Ng=Rg=2g xNy= R—A = TA Wavelength less than 0.31 A wil be absent.
B "B @ ®.
® (A 10 (A
@A) 1 (©.
® &) 12) (®).
- _ 1200
9) (B). Activity of 1liter after 3 half life= ? TRYITYOURSELF-6
N 1200 (1) Wavelength 3 — 2274 _ 12274 _ 1 ean
Activity of AV will be= ? AV =120 NY; J56
= AV =0.8litres. (2 Momentump= \/2mg
(10) (©). Nge™ =2(Nge 2" = 2x9.1x10 3 x1.92x107Y = 3.49x107
L oMt _gghat = 591x 1024 kgms1
= Mt =2= (hy—2y)t=1In2 ey P 5.91x10724 6.5 x 106 s
‘2 In2) . t_( w, \_6 i SpeedV= 1 = gaxggdt T 6ex10ms
" o) TR ) T @ Foranaon
. h (6.626x104)2
IRYITYOURSELF-4 2mr2  2x1.67x107%7 x (589x107%)2
8 E/é; =3.79x 10728,
@ ( A): (4 (@ Here, m=0.040kgandv =1.0km/s=1000m/s
@ © , 7582385 _ h _6626x10% %5
% Egg.Q—— x1-7x55+8x7=56-2-385=155 = = 0.040x1000 = 166%10°%5m
@ (©). (b) Here, m=0.060kgandv=1.0m/s
h 6.626x107
8 (D). = 2P 32
9) A). mv 0.060x 1.0 11x107m.
(10) (B). () Here m=1.0x10"%kg and v=2.2m/s
2 2 vz -34
P (2m,muQ) h  6.626x10
LA = - o th~ == =301x10%°m,
(1) (AC). . 2m,  2my, Q=P My, + Mip mv  1.0x10°x22
(5) Herer=1.40x1010m

)
)

KE, _Min 234

and ——%
KEp m, 4
TRYITYOURSELF-5
(D).

©).

Also, h=6.63x 10734 Jsand m=1.67 x 10727 kg

2
K:L: E= h
2mE 2mp?

B




SOAL
TRY SOLUTIONS STUDY MATERIAL : PHYSCS

ODM ADVANCED LEARNING

6 63><10‘34)2 (7)  For nitrogen,
E )
—27 —10,2

2x1.67x107%" x (1.4x10717) - RMSvdocity, v = /3kWT
—67X10_21J_M6V . h h

. 16x10°19 .. deBrogliewavelength, A = i KT
=4.19x102eV. 6 6310

. X
. _3 =
(6)  Sincek=73 kT /3% 28.0152x1.66x 10727 x1.38x 1023 x 300
h h (. m=2x14.0076=28.0152)
L A= SmE  J3mKT or A=0275x10"10m,

Herek=1.38x 1023 JK1and T=300K

- (6.63x107%)
3x1.67x10° x1.38x10"% x 300
=1.456x1010m=1.456 A

A

[4
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CHAPTER-7: change in photoelectric current, and threshold
MODERNPHYSICS wavelength. . o
EXERCISE-1 (12) (A). Intungsten, photoemission take place with alight of
h : h - he/ wavelength 2300 A. As emission of electron is
D) () Letthe e?erg);‘o one p_otrc])(r;/— A inversely proportional to wavelength, all the
Energy of n photons E = nhc/i wavelengths smaller then 2300 A will cause emission
Nx6.6x103* x3x10° of electro_ns. o
1077 = =) (13) (D). The maximum Kinetic energy of photoelectron
500010 gjected isgiven by : K.E. = hv — ¢ = hv — hv,
5000x10-1 x10-7 where work function depends on the type of material.
n= X Xze —0.25x 1012 =2 5x 1011 If the frequency of incident radiation is greater than
19.8x10° v only then the gjection of photoelectrons start.
W nhe Y After that asfrequency increaseskinetic energy also
o ©r 5= Increases, . .
(14) (A).Particle nature of light was established by
10x103 photo<_e|_ectr|g effect. _ _
= 0x _24 <300 5= 1.5x10% (15 (C).Intensities will be equal as the saturation current is
6.6x10 7" x3x10 same. To study the variation of photocurrent with
E 1x10°x16x10°19 collector plate potential at different frequencies,
@ (). E=hv=v== s e A 6X 10_X34 =24x10%°Hz intensity is kept same.
o (16) (D). The stopping potential depends on frequency of
(4 (C).Energy of photon incident light and the nature of the emitter material.
hc hc For a given frequency of incident light, it is
E=-" (Joules) = ~(eV) independent of its intensity.
(17) (D). According to wave theory we will require beam of
£ _66x 107 x3x10®8 12375 sufficient high intensity.
j(ev) T 16x109«n AA) (18)  (A). The value of threshold frequency v, for A is less
' than that for B, hence g, < dg.
E (keV) — 12.37 124 (19) (D). If theincident light be of threshold wavelength (1),
= E(kev) = AR a then the stopping potential shall be zero. Thus
e 66x10% x 30 10° hc _ 6.6x103 x3x10°
C 0o X X 33X =— = —
) (D). E= o= — s =495x 1019 07 ¢ 42x1.6x101°
400010 ho=2.946x 10”7 m = 2946 A
h 66x10°% (20)  (B). Viya= 4 x 108 ci/sec = 4 x 106 nv/sec.
®) (A). p=—=—"7"—"—"+- n =13x102"kg-m/s 1, 1 ,
A (5000x10°%0) Kimax =2 MVinax =% 9x1073 x (4x10%)
(7)  (A). Photonsmovewith velocity of light and have energy =72x10°18 J=45¢V.
hv. Therefore, they also exert pressure. Hence, stopping potential
(8) (D). Intensity of alight beam= Number of photonsfalling ’
onaunit areain 1s. \VO|=K%=%=45VOH
hv h o~ .
(9 (B).Relationbetween Vo—v; Vo= ==~ (21)  (C). Energy of incident light
Putitin the form of y=mx-c, E(eV) = % =3.72¢eV (332nm = 3320A)
hVO
HereVo=y,v=x, — = =c According to the relation E =W, + €V
h) h (E-Wp) 3.72eV -1.07eV
- | — . [ = V = =
y—(e X=C ..m=-2 0 o o
(10) (C). Wavelength of greenlight isthreshold wave length. =2.65volt ' _ _
Hence for emission of electron, wave length of (22) (A).According to Einstein's photoelectric equation,
incident light < wavelength of green light. hv = (K-E)mex + 90 _ _ o
(1) (B). Inelectric field photoelectron will experience force where ¢, is the work function, v is the incident

and accelerate opposite to the field so it’s K.E.
increases (i.e. stopping potential will increase), no

frequency and h is the Planck’s constant.
Also, (K.E.) =€V

=
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(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

where e is the elementary charge, V isthe stopping

b0
e
Hence, the graph between V and v isa straight line
and slope of this graph is given by
Slope=hle ... @
From the graph in the question

. h
potentiadl eV =hv-¢,; V =Ev_

ab
Slope= b 2

ab
From (1) and (2), weget, h= eE

(D). According to Einstein's photoel ectric equation
1) he (hg—2)

x ro) T g

hc hc (1
K= =h bn XOJ

——-—=hc
L g

NP S VO O
my Ap Mg
A m 1836
B)how — , &= | R 22
Jm 'y \me 1
A= e N
= = =
P 2rnpepv ZmdedV
moe
Yo M% L =2m,,
7\.p Mgy€y

(A). - 2nr=nk = A= TA

2
(B). A= L =E= h_2

2mE 2mi
(6.6x10734)?

 2x9.1x10731 % (0.3x1079)2

- 265x10 83 =16.8ev
(B). The de Broglie wavelength is given by
h h

7\,:—:—
p mv

So, if the velocity of the electron increases, the de

Broglie wavelength decreases.

_— , 1 5
(B). Kinetic energy of particle, K :Emv

(31)

(32)

(33)

(34)
(35)
(36)

(37)

(38)

(39)

(40)

or mv=+2mK
d I elength WL
e Broglie wavelength, mv >mK

For the given value of K, Jm

g L1 11
pihniheihg = : : :

/mp ,/mn JMe Jmg,
Sincem,=m,; hence7up=7xn
Asm,>m, thereforer <\

Asm,<m, thereforei >
Hence A <A =X <A
(D). Velocity acquired by a particle while falling from a

heightHisv=,2gH ... 1)

- h  h .
As "7 v T m 2gH [Usingeq. (1)]
or pocl/H

(D). In Davisson and Germer experiment, the tungsten
filament is coated with barium oxide.

(A). Inthe Davisson and Germer experiment, the velocity
of electrons emitted from the electron gun can be
increased by increasing the potential difference
between the anode and filament.

©

(A)

(B). At minimum impact parameter o.-particles rebound
back (6 ~ ) and sufferslarge scattering.

(A). lonisation energy of an H-atom in ground state is
13.6eV.

2
2 ne)”  21.2x101 ( njz

L BN _(n
n; ) 53x107 11

N
I.e.ri—L 1

(B)_ rocn

= n2=4=n=2
1 1 1
TRl —-——
o3

1 _ 1 B 1 :ﬁ
M2 (9% (3% 6

1 [t 1]
N o @2 (@2 16

Mo 20 20,
hasp 27 7 42770

(D).Rocnz; voc1/n ; Eo Un?
R 4+ E

—on” ;=
n

; REocnO;vRocn
E \

s
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nh For thefirst line of Lyman series, n=2
(41) (A). mvr= o According to Bohr’s theory 1 17 3
" V2=RC{—2——2 =—Rc (2
h 1 2¢] 4
= 2nr:n(W]:nx forn=1,A=2nr For Balmer series
(42) (D).r,=053m2 n=4 v=Re {i_ 1] _
= 1,=053x16 =r,=848A 22 2| wheren=3,4,5...
1 For the serieslimit of Balmer series, n=co
(43) (A). Radiusof first orbit, I oc—,
/ e[ L L] Re
For doubly ionized lithium, Z (= 3) will be maximum, V3= 2 2| 4 - (3)
hencefor doubly ionized lithium, r will be minimum. From equations (1), (2) and (3), we get
(44) (A). Inatomswith many electrons, electronsare not being V1= Vo F Vg O vy =V, = Vg
subjected to one single central force. (51) (A).Spectrumof sunlight isan examplefor lineabsorption
v 1 5 spectrum
(45 (D). ®=~—. Further Ve — andr oc n%, (52) (B). Oil flame produces continuous emission spectrum.
Hence, o o« (1/n3) (gi) (g). IIial mer serlFes visible reg:zon
(46) (A). Inthen™™ orbit, let r, = radius and (54 ©) Frucear > Faectrostatic > Foravitation
V. = speed Thenuclear forceismuch stronger, than the Coulomb
n = Speed of electron. . o
force acting between charges or the gravitational
, T = 2n, o n forces between masses. The nuclear binding force
Timeperiod, "n Vp o Vp has to dominate over the coulomb repulsive force
between protons inside the nucleus.
2 1 In n3orT. «nd This happensonly because the nuclear forceis much
Now, fy o n”and v, o« n-" Vp * n stronger than the coulomb force. The gravitational
forceis much weaker, than even Coulomb force.
() n (55) (C).Usep = Mass/volume
Here, 8:Ln_l) orn—1:2 or n;=2n, o
2 2 _ 1.66x10 x 16 =235x 1017 kg m3
(47)  (C). Number of lines in absorption spectrum = (n—1) (4/3)n(3x 10‘15)3
= 5=n-1=n=6
Number of bright lines in the emission spectrum 56 (A) =N (27)113 3 6
_ n (n—l) _ 6 (6—1) -15 ' RTe (125)1/3 5 10
2 2 (57) (D).R=R,AY3 =12x1015x (64)V3
(48) (D). For Lyman series =12x 1015 x4=4.8fm
1 1 1 3 _ _
T: |:1_2_2_2:IZZR and (58) (A) ZXA L) Z_18XA 36i)z_13XA 36
mex Number of protons = (Z - 13)
I _RglE L R_‘rma_4 Number of neutrons
Amin 112 02| 1 Amn 3 =(A-36)-(Z2-13)=(A-2-23)
11 P (Z-1
(49 (B) E:13.6{—2——2}. N (A-Z2-23
o n;
For highest energy in Balmer seriesn;=2 and n, = oo (59) (D).~ Vo z . Ezf
. . n .. V4 3
= E=136 I:iz - iz} =3.4eV (60) (A). Inthegiven oxygen molecule, nuclear force between
(27 (=) the nuclei of two atoms is not important because
(50)  (A). For Lyman series nuclear forces being short ranged are confined only
11 within one particular nucleus. The distance between
v=Rc {—2——2} .wheren=2,3, 4, the nuclei of two atoms is large. So nuclear forces
r ool _ between two nuclei is not effective.
For the serieslimit of Lyman series, n=oo (61) (A). Since, thenuclei of deuterium and tritium areisotopes
1 1 of hydrogen, they must contain only one proton each.
Vl:RC|:1_2_§:|:RC (1)
[ 165
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(62)

(63)

(64)

(65)

(66)

(67)
(68)

(69)

(70)

(71)

(72)

(73)

But the masses of the nuclei of hydrogen, deuterium
and tritium are in the ratio of 1: 2 : 3, because of
presence of neutral matter in deuterium and tritium
nuclei.
(A). Here,A; =197 and A, = 107
Ru (M) (10 o
R, LAZ J 107

(D). Due to mass defect, the rest mass of a nucleus is

always less than the sum of the rest masses of its
constituent nucleons.

20Ne nucleus consists of 10 protons and 10

neutrons. .. M;<10 (mIO +m,)

(B). A force between two protons is same as the force
between proton and neutron. The nature of the force
is strong nuclear force.

(D). Binding energy per nucleon is the average energy
per nucleon needed to separate a nucleus into its
individua nucleons.

(A). E=mc?=(1.66x 10727) (3x 10%)2J=1.49x 10710

149x107%°
16x10713
(B). E=mc? =(9.1x 1031) (3x 108)2J=0.51 MeV
(A). - AE= Amx 931 MeV
_AE 223
T 931 931

Binding energy ~ 0.0303x 931 _ 7
Nucleon 4 -

MeV =931.49 MeV

= Am =0.0024 am.u.

(B)
(D).BE.of Li” = 7x5.6=39.20 MeV

and He* = 4x 7.06 = 28.24 MeV

Hence binding energy of 2He* = 56.48 MeV
Energy of reaction =56.48—-39.20=17.28 MeV .

0.3 812 3
D). E= AIII.C2 =——x(3x10 =27 ].01 J
( ) 1000X( 8 ) 8

_27x10%

= == 7.5x10°kWh
3.6x10

(A). Binding energy, E, ,of g Li
=Amx 931 MeV =0.042 x 931 MeV

0.042x 931
7
=5.586 MeV
(A). Here, P=500 MW =5x 108 W, t=1h=3600s
Energy produced,
E=Pxt=5x108x3600=18x 1011
ASE =mc?

Binding energy per nucleon =

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)

(82)

(83)

1 1

m=£2= 18><l(3312 :18><1016 — 2% 105kg
2 (3x10%)?  9x10*

(A). The moderators commonly used are water, heavy
water (D,0) and graphite.
D,0, naturally occursin sea water.

(B). Fast neutrons can be easily slowed by passing them
through water which contains a large number of
protons of comparable masses.

(D). When 23°U undergoes a fission after bombarded

by a neutron, it is also releases an extra neutron.
This extra neutron is then available for initiating

fission of another 23°U nucleus.

In fact, on an average, 22 neutrons per fission of
uranium nucleus are released. The fact that more
neutrons are produced in fission than are consumed
raises the possibility of a chain reaction with each
neutron that is produced triggering another fission.
(D). 1 unit for activity (decay rateis Becquerel)
1 becquerel =1 Bg = 1 decay per second
An older unit, the curie, isstill in common use.
1 curie=1Ci = 3.7 x 1019 Bq (decays per second)
(C). After three half lives, the fraction of undecayed
nuclei = (1/2)3=1/8
Time taken for the sample to decay by
(1-1/8)t" or (7/8)thof initial value.
=3T,,=3x20=60s
(B). To relate T4, to the disintegration constant A, we
put N = (1/2) Ngand t = T, in equation,

Iogl:—m
No
In2 0.693
and solve for T,,, wefind Tyyo ZTZT

(A). You must remember that t;,, is time in which
substance decays half. Hence in t;, time substance
decays 3/4th,.

1 1600
ife, —=——=2308~ 2319 yr
(C). Meanlife, S~ 0,693 yl

A-A’
(©). na=—4 and Ng=2n, —Z+Z7Z'
= A'=A-4n, =236-4x3=224
Z'=(ng-2n, +Z) = (1-2x3+88) =83
_t 8
©). A= Ao[%] 2 —100= 1600(l 2
= Typ=2sec. Againatt=6sec,

6/2
A= 1600(§j =200 counts/sec
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(84) (D). Number of haf livesin 150 years EXERCISE-2
150
IS @) J_ S AV - 0.004
Fraction of the atom of decayed
) JV =2525V,V =637V
n
=1—[12] :1—@) _3_ o7 =0, x Vo =1275eV
) N
= Percentage decay = 75% @ ©.r=_,=v="r.
) (B).n _A-A" 232-208 6.6x10-%
. = = = .6 x
o ) T 9110 T x10x10 0 T 12X MS
Ng =2, ~Z+2'=2x6-90+82=4 T i
h
1 3 B).A= E,=-13.6eV
(86) (B).Byusing N=Nye™ and t=1 = V2mEq !
N N -34
Substance remains = N = —2 = 0.37Ng =?0 A= 6.62x10
e V2x9.1x103L x 136 x 1.6 x 10720
N 2N - 10 =
Substance disintegrated = Ng —?Oz—so = 1=33x10"7m=33A
12.27
. 60 4 (©.r= N A =V =40-20=20Volt
N\1yo 1 1\ 1y
60 @) A=A(2] 2= Lo(1]u2 o7,
= A= @ =275
60
6 — 150 6
- [%) _ (lj W2 L7, - 10sec (55 (B).V= volt, to determine the p.d. through which
2 :
it was accelerated to achieve the given de-broglie
_t 30 wavelength. Then the same p.d. will retard it to rest.
L\1yy0 N 1Yo 1 Th
(88) (C).N=Ng|= =>—=|=|7 ===0125 us,
No \2 8
- D98 esvoit=376Kv
(89) (C). Npe Al = Nge B! T 02x02 e
(B=AA)t _ A m 8 1
o ¢ =(Ng/N BedB
(Ng/Na) © (0.2 e e:\/__ 1
}‘B Mo, Ao 4 2
P In(k\
Ag—Aa LNA Ay hge=1:1
(90) (A). For given energy, the radiations in the increasing ¥ (A). Energ(]jy olfatheelectron, when it comes out from the
order of penetrating power are: o< <y fezcgg \;) 1?)0 V =100 eV
(91) (B).During an elastic collision between two particles, ;\ ele at_' et ;al d'?f 100V
the maximum kinetic energy istransferred from one ceelerdling potential ditference=
particle to the other when they have the same mass. . 1227 1227 _123A
Therefore, heavy nuclei will not serve the purpose Blectron =~ A7 =" /100
because elastic collision of neutrons with heavy
nuclei will not slow them down. _ _|2QV
(92) (B). Asandphaparticlecarries2 unitsof positive charge, (®  (D)-Momentump=mvand V=
and abetaparticle carries one unit of negative charge
andy particle carries no charge, therefore electronic = p=420mV = po,/Qm
energy levels of the atom change for o and
radioactivity, but not for y-radioactivity. = Pe_ [ExMe _ | Me
(93) (A).fHe—e"+6Li+v P \2exm, \2m,

A neutrino is emitted alongwith a positron in B*
decay.

=
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1, h (17) (A). Energy of one photon
9 (B). Kpatide=7mMv" dso A =— _
2 mv A B
E=hy= ¢ 662x10 Xslglo =3315x10°19
K _1( h] 2 _Vh _ 8 6000x10~
paticle = 5| 50 )V =5 (i) No of photons emitted per second
hc _ total energy emitted per second _ P
K photon = o (i) energy of the photon E
25
Kpatide v 225x10° 3 = 5575 ¥ 10 = 754x10°
" Kphoton 26 2x3x10° 8 . A -
(10) (A).E =E-¢,=6.2-42=2.08V, (18) (B).Formetal A, Slope=—=—-———
k 0 e _ ol
E =2x16x1019=32x 107197 (10-5)x1
(1) (D) k:ﬂ: h ¢-p= /—ZmE) h 2xe  2x1.6x107° 6.4 % 10-34 3
' : or h= = =6.4x s
P vamE 5x10%  5x10%
h x h 25-0
e =—= 2 . e = = .
om(6E) 4 oo Ychange=T5% For meta B, S0P = ¢ = = 1o
-34 8 19
(12) (C). Wy =1C _ 6625x10 foxm J— 4107193 _25xe 25x16x10%0 o,
Ao 5000 10 5x10M 5x10
1 = T = 2
(13) (B).Byusing E=Wo+>Mvog, (19 (A). V=vgi , B=By.
Force on moving electron due to magnetic field is
12375 — _ - A N
where E=———=271eV F=—-e(VxB)=—-e(vgi x Bgj) = —evoBgk
1 2 Asthis forceis perpendicular to V and B, so the
=271eV =256V +—=x9.1x10 " x Vi ) o )
2 magnitude of V will not change. i.e, momentum (=
mv) will remain constant in magnitude. Therefore, de
= 0.21x1.6x107% =%x9.1><10_31xvlgnax ) ) X
Broglie wavelength, 2, (: ) remains constant.
= Ve = 2.65%10° m/'s m
nhv  nh(C) nh
(14) (©). E=hv=6.6x10"3*x8x10" (20) (). p:T:E[Ij =
=5.28x10 8= 33ev
— —E— h
E=Wo +Kmax = Kmax =E=Wo 21) (B). A= . If By is increased 4 times then
=33-6.125=27eV V2mEy
(15) (B). Themaximumkineticenergy is becomes half.
h 1242 &V Additional KE supplied =4E, —E, = 3E,¢
o eV —nm
Kmax=7_¢=% -25eV 1 e V2
B _m (220 (C). eVg==-mv®= Vyg—=—
=44eV-25eV=19eV 2 m 2
Stopping potential V isgivenby eV =K . Ve v 181G 1.8x1.8x 1012
K 1.9 oXHOXE =T
V=—T%_""ev =19V
e e
Vo = 1.8;10 _ov
- - 19
(16) (A). Theenergy of each photon = 100 - 5x1077J (23) (A).Boch But iy <h,; By<B,
Because 1., produces photoelectric effect.
hc  (6.63x10° %) x (3x10P) (24)  (A). Let Ebemax. kinetic energy of photoelectrons when
Wavelength A = - 019 wavelength of incident light isA/2. It becomes 3E
= 2.0% 107 = 400 5x1 when wavelength A/4.
= A=4.0xX = nm
[ 168
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Let ¢ bework function of the metal.
a (2. 3 3
2he ahe maxz3o o) T (28
EZT—(I)...(]_) 3E=T—¢...(2) aH ZH 1 1

(25)

(26)

(27)
(28)
(29)

(30)

31

(32)

(33)

(34)

eq. (1) x3-eq.(2)
2hc hc
0=—~-2 =—, n=1
A b or ¢ A

(A). V=120V
_1227pm 1227 1227

N 120 11

(D). Wavelength same = hv — ¢ remains same = no
change in stopping potential.
Power of source becomes 1/3, resultsin : intensity
becomes 1/3, distance becomes 1/3, result in : inten-
sity becomes 9 times

= Net effect intensity becomes 3 times

= Saturation current becomes 3 times

(B). More stopping potential = moreincident frequency.

(A). (frea) e light > (e green right

(C). Most energetic photon frequency

~112 pm

21 x 1010
i

=10%Hz
hv —¢ =K

6.4x10°>4 x10M
1.6x107%°

K nax = 26V

(D). h>ML2T1: c»LT?
e—>IT; m—M

(A). Let nbetheaverage no. of electronsper unit volume,
present in the beam of electrons, then impulse-
momentum theorem gives (nAv)(mv) = F,

-2eV =K

P=FA = n=P/(mv?
, APe
mv
g ph_h
(C).n_ w p }\‘0 =
(2e)
A, Lmyoo K@@, im0
. 2 e ro ’ O:V—z

o

_ 2x(9x10°) (4.8x10") (79x1.6x107%)
(2.1x107)?
rp=25x10"4m

2
. v
(B).Acceleration acc s

whereVOCF and roc? = aox—

n4

Since both arein ground statei.e., n=1

(39)

(36)

37)

(38)

(39)

(40)

(41)

(C). Theactivity

)= =Bl

Taking theratio of thisexpression for 240py; to this

same expression for 2435y,

Np, (_dNRJ)(TIIZ)Pu

. TlogNg/N _ 45%10° x log1.79

_ dt _ (5uci)x (6560y) _
Nam dNam (4.45uci) x (7370y)
Tt (Ty2)Am

i.e. the two samples contains equal number of nuclel.
(B). Energy required to knock out the electron in the nth

) 13.6 13.6
orbit =+?eV = E3= +—9 ev .

(B). For o-decay : ,AY —— , ,BY ™+
For f~-decay : xAy — X+1By + —1BO

For B+ decay: xAy — x—lBy + +1B0
For k-capture : therewill be no changein the number

of protons.
Hence, only casein which no of protonsincreasesis

B~-decay.

1 1 1 3R 16 16 _
R 2 0 5 m
( ) A [22 42] 16 3R 3 x1 c

0
Freguency nzng(;(;()lzgxlolst
A Exlo—s 16

1 i}z.sg,ev

(B). Energy released = 13-6{W— @2

E_RF_E}_E
A= 12797 36
36 36

5. 5x6563x10 1°
(D). Letinitia no. of U-atoms= N,
After timet, (age of rock), let no. of atomsremaining
undecayed = N.
238N 4 No
226(Ng—N) 3 - N

-1.09x10"m™1

=179

=3.78x 10%ears.

log2 0.301

T
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w2 @)K, = (A-4) o Infirst excited state energy
. o - -
A E,=- 136_—34ev
Here, A=220,Q=5.5MeV
220_ 4 216 Then therequired energy = E, - E;
a =[ 0 ] S.5MeV = (220) 5.5MeV =54 MeVv =-34-(-13.6)=10.2eV
(49) (C). Energy of any level oc 72, whichisgreatest for Li2*]
(43) (C).Here,A =1215A ) )
For thefirst line of Lyman series Z_R7? (1_ _]
1 1 1 1] 3R e * 4
—:R{ > 2} R{l——}:— (51) (A).Alongest = Ey,
A ¥ 2 4 4 For Balmer A longestisforn=2— 3
4 For Lyman A longestisforn=1— 2
L% e = X\longest Balmer > longest Lyman
M= @ Al Bal Al L
For thefirst line of Balmer series E.72
_ 0= _ —>—
i_R i_i R|:1_l:|_ﬁ (52) (C)E— 2 —E0:>n—Z—3,
g |22 R 4 9| 36 ) 2
- pnN° o
For Lithiumr= -—— =0~ =3
_36 5 z 3 7O
B=zr e 2
Fromeg. (1) and (2), (53) (D). 13622 [i-i] 755=27=2,
re BRI E—136><222—3544ev
A 4/3R  4x5 =19 =54
L (54) (D).Binding Energy =—ME « n?,
108 108 for 1st excited staten = 2,
he =0 XM= ¥ 1215= 65614 and for 2nd excited state, n =3.
(44) (A). Triton energy is less than that of a He3 nucleus. (55) (A).He" being ahydrogen like atom,
(45) (A). Meanlife, r:% E=13672 (1 1 b E Lo
' Lnlz n%} 1T m2
and half life, Ty = In2_ 0633 (56) (D). Anéelectron orhiting around the nucleus of an atom
7} _ A _ _ has amagnetic dipole moment, exertsan electricforce
©>T,,. Greater fraction will decay inlonger time. on the nucleus equal to that on it by the nucleus and
Hence, fraction decayed in one mean life must be produce a magnetic induction at the nucleus.
greater than the fraction decayed inone half lifei.e.  (57)  (A). Activity A o« N/T
f,>f,.
17z T, N A, 2N, 2A;, 4
38 —_—— =X — = — X — = —
(46)  (B).Here,n=_——=_"= T, N Ay N A 1
va = (58) (D).N—P+p+v
1\" 1\"
N = NO —_ =M= mo g 1 R 1 1
59) (D). 5 = | n=2,n,=4
" AR T
15mg x (3 B oo
= = m
~1024 ’ AR
(47)  (A).Bohr’s model assumes a central force and circular A 4 16 16 6 ' 7 3R
orbit which accounts for a constant angular
momentum with vector pointing perpendicular to (60) (C). % ocr2: Mymann (%]2 _1 o
force vector. Thisisan approximate model. ' " Aamer T4
13.6
@8 (B).Enagy, En=——p & 6) (A). N=No_MNo _No
| d stat \ 2" 2]/2 V2
f grotind Stele energy, (62) (C).1Ci=37x10dis/sec
E - @ &V = 1366V (63) (D). Magnetic dipole moment
l 2 v
MEIA= o™ =2
TU
[170 |
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Angular momentumL = mvr

M_ev 1 _e

= ST = =
T12=29C; Tm =693~ 0,693

L2 “mwr 2m -
136 L (76) (B). —=4" 108 kgs?
(64 (). E=———¢eV ; Exc-—— t
3 v, : E=m2e S=8M02 _ E_ 4 g8 g qqie
(65) (D).R=R,(A)Y3=R,[64]/3=4.8fermi =met= T e ¢ 2
(66) (B) Xé - Ylg: E 25 E 25
C=A-16,D=Z-8+3=Z-5 = 7367107 Jst= =367 107W
(67) (B). E,>E,; Because of decrease in mass number more
stability will come. 136 136
7 A). E,=———=-—>=-151eV
(68) (C).Velocityv oc 1n (77 (A)- By 2 3?2 ¢
And radiusr oc N2 = r oc 12
o (v (v (78) (D). 7 XA —%s , YA B xA
r_1: E = [m} = r,=9r; =9R (79)  (B). myvy =myv,
3
R
(69) (C). N=Nge™ Vi_my _(Ry)  moc Ao R3
Vo mp Ry
ForA, N =N eﬁlSXXé — Npe 2 3
Na=No 0 u_(2_e
1 vo 1 1
_3Xx—
ForB, Ng=Nge X =Nge'?
80) (C). v=S=Rc|=-— —RCF—E}—E
[N A ] T
- 52 -
Ng e (81) (C). TE=-KE=PE/2
(70) (D). Energy released Q = BE,—BER
No _ No
Q=2%x85x60-7x%120=180 MeV 2
@ C—>B+A 83 (C).Letlp=1 - 1g=21
Q=[8.5%60+5x30]-8x90=~60MeV If Ny istotal no. of atomsinA and B at
3 B - 2A _ _ t=0, then initial rate of disintegration of
Q=2x5x30-8.5x60=300~-510=-210 MeV A =N, andinitial rateof disintegration of B=21. N,
(71)  (B). Energy required to remove 2" electron L
-2 — 92 -
=72(13.6) eV =22(13.6) eV =54.4eV As hg =20y o To=2Ta
Total energy =24.6+54.4=79¢eV 2
he i.e. half lifeof B ishalf thehalf lifeof A.
(72 (A).hv=3E-E or o 2E L @ After one half life of A.
dN 6 IN
4. BE _ hc & e "o
In the 2"° case, 3 B dt e, 2
Equivalently, after two half livesof B
hc 5E-3E 2E hc_2(hc
7: 3 =?;7U_3 o [Fromeg. (1)] ;(:;_Ng _2INg _1Ng
A=3 % 42
(73) (D).Electron emission during B-decay is always
) . ) e N _ «dNS
accompanied by antineutrino. Clearly, g~ e
(74) (B).0=(A-4)V+4v dt ¢ dt 05
(A-4)Vv=-4v aftern=1, i.e,onehaf lifeof A.
,_ AV (84) (C). 6000=Aye 28 ; 3000= A e 20
A-4
. , 2 - g 2801 ; Aj=3000
(75) (C).In 1% two seconds 100B particles and in next two _ _ _
seconds 50p particles (85) (C).E=Amc?=[4x4.0026-15.9994] x 931.5=10.24 MeV
171
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(86) (B). Transition from oo ton n = 3 will produce smallest |
. . n2 N _5
wavelength in infrared region. Fort=5t;,,=5— " Ne =2
3 1 101 0
KXZZX_; Kxgzkim (5) 4. Energy released fromn=5ton=1
27 B 1 1 24
klnf :TXXUV ~ 823nm E—13.6[12 ] 13.6x 25€V
(87) (A). Rest mass energy of U will be greater than the rest 19
mass energy of the nucleus in which it breaks (as Momentum of photon = 13.6% 24 16x10
conservation of momentum is always followed). P 25 3x108
dN
(88) (D).Attimet=0; A,=—2 13.6x 24x1.6x107°
dt Momentum of H-atom = 3
and at time't 25x3x10
_dN A _ dN/dt _ 3260 _ 13.6x 24x1.6x10 "
ot Ag dNoldt 6520 Velocity of H-atom = e 1P xL67 2102 =4m/s
From activity law A = Ae™ (6)  320.Nuclear reactionwill beasfollows
= % o 1= 2.303 log % Po210 szoterHe4JrQ
t Mass defect in this equation is
- 2.303 log2 = 2.303 x 0.3010 = 5,710-3per sec Am = Mpy — Mpy, — My = 0.00564 amu
2x 60 2x60 . Energy released by the decay of one polonium nuclei
is(931) AmMeV
89 (C). 1 —@—%-3.8&1@%&3& Q=84x1013]
693 days of polonium are equivalent to 5 half lives of
EXERCI olonium, because ——— 093 =5
. i . P 1386
(1) 8. B= 70— = Box-=Bux T So, number of nuclei left after 5 half livesare
r XTI,
5
1 [ de In(2)
N=Nn|= i - AN=—"=xN
B Ocv_g [ :E] 0[2) ....... @i); dt tys
ry v
(In(2)) 13
z 7° n? A 3 So, energy released per day = L JN(84 x1077)J
Boc—x— krnoc , vnoc—J : BOC_S
N n z n n But only 10% of this energy is used as electric power.
In(2)
N 84x107%) —12x1073
hc hc 2hc o, (100) { t } '
2 41, = ) & ——=L-AL = Vp=—=4KkV 12
@ M 3, 07 3enn

Vg

B 4 A=AgeMad i=iget"

1
—M [—M—fjt
Given: i:ﬂ _ﬂe T
| |0 e t/‘E

For constant value of i/A

io

1
A== T
T, mean

—k+£=0
T

(4 5. Expected number of parentsthat survivesfor timeis

=1=0.4sec.

N= N Oe_kt

The probability of survival for anucleonis N —eM

No

_ (2« 107) (100) (ty/,)
(10) (In2) (8.4x10713)

.. Initial number of nuclei required are
No=(®)N=91424x102 .. )
.. Mass of polonium required is

=2.857x 1022

(9.1424x10%3)

- k—6><1023 J x 210 = 320gm

dN
(7) 154. P=700x103x1.6x 10719 x i 10x 1073

dN 10‘12 1 107

= — = —)N
aT 10 7x16 112 0

=
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n2 Ao -2
~ 1486400 Rp _ - _2
Att=2t, ——=-1" ==
R Ag 1 e
14x 86400 x 10'2 ° e
= NOZW:154X1015 ah 3h t
ol (15 2. L=_-=>"" n=3
o 109 2t 2n
® 1 N=Nyel; ——101 =No(r) e ™ 't ,_h__h _how 2w 2
=—=—= = — ; rzao_
At (t=0), 101°—N0 109 p mv 3h 3 z
N0=1019 2n n® 2n 3
Mass of sample = N, 102 = N, (mass of the atom) A S, 3% 5" 2nag
=10%kgm=106%x103gm=103gm=1mg
hc (16) 6. Incident g, Me 120100 oy
. Incident energy, E1 = ———— 5 =12.75¢
© 7 =0V ! ¥ T g70x10 10
= € jumpstostate of E=-13.6 +12.75=-0.85eV
1240 (eV) (nm)=4.7(eV)+eV = n=4 o o -
200 (nm) .. Number of linesin emission spectrumis®6.
12 12 0., —
122;1:))6 ATer eV (17) 9. B ¢C+ jet+v
12 —- . o s .
62-47=\/ - V=15volt Massof ¢ C=12.000u (by definitionif 1am.u.)
Q-value of reaction,
1 Q_1e: @x109) N8 _15 Q=(Mg—Mg) x 2= (12.014—12.000) x 931.5
4rey R 1 =13.041MeV
100 .
4.041 MeV of energy istaken by X2 cx
9x 101 Ne=15 FE Ve
= Max.K.E. of B-particle is (13.041 - 4.041) =9 MeV
N = - L5 = BE-NE T
9x101Mx16x1071° 16 9 EXERCISE-4
5 g_50 .7 z? 1
= x10° =—x10 2= 1 C). E=-13. 6—:—13.6 —=-34eV
3x16 Z=1 o © 2
(10) 1. Slope of graphis h/e = constant Required energyis=+3.4eV
= 00001 (2)  (A). Covaent bond is due to wave nature.
(1) 4. f=(1l-eM=1-eMz1-(1-rt)=At he
f=0.04 (3) (A) WO = hVO =—
Hence % decay ~ 4% Ao
hc 1 Ag)K  (Wg)Na 23 1
——31 V- 104 = ===
12 2. 5 { 35 nZ} 0 ()Na  (Wp)K 45 2
15
= w_@_lcuf M_@_104 (4) (A) n=—=3haf ||ves N = No No:&
90 n2 3 n2 3 on 23 8
136 136 (5)  (A).a-paticle(He?") and electron (B-particle) are emitted
= 138-104=—7- - 34=—"F—n2=4=n=2 by radioactive compound, protons are not emitted.
n n?
/n2 /n2 _No
e 25 o o E g E © @O T=57=r=7 5 N
e Xﬁ_ s 2’ 5000 1 1
(E = Power requirement to thevillage, 1250=—— ; :—n:—2:>n:2
E' = power of plant) 2 2" 2
Number of half life=3 ¢ 5
Sototal timerequired =3 x T years —=2:?=2:T=2.5 minute
(14 2. Ap=Age T, Ag=Age ™ "
A=——=04/n2
RP zﬂe—t/'c.’ AQ =ﬂe—t/2‘f 2.5
T 2t
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@) Protons are not emitted in radioactive decay. 10 )
(80 (D). Energy of y-ray is maximum so wavelength is 1) (A).}= e = 12420x 107 _ 12420x10™ —310nm
minimum. W, W, (eV) 4eV
©)  (B). U™ He? + ooPu
(Am)u=(234m) ; V= 4 u Dis_tance is halved intensity beqomesfour times, so
_ 234 emitted el ectron becomes four times.
(10)  (A). Iﬁhfalroear atriedSeoSc particles 0 (© - h
2B* particles 2mE
So atomic no. isdecreased by =8x 2=16 (24) (A).1 = n=1ton=3showsabsorption
and atomic no. isincreased by =4x1=4 Il = n=4ton=3emission of energy 0.6 eV
and atomic no. isdecreased by =2x 1=2 Il = n=2ton=1emissionof energy 10.2 eV
So finally atomic no. is decreased by =16 —4 +2 =14 IV = n=4ton=2emission of energy 2.5eV
Final Z=92-14=78 (25 (A)R=R,AY3; R=R,(125)V3
1 5
(11) (D). hfy = W0+§mv12 ..... (1); hfy = Wo+=mv3 ..(2) 36=Ry(20%3; R= 7 x36=6fermi
Ontaking (1) - (2) (26) (B).X+n—>a+,Li’
1 2h X+ ont — ,Het + 4Li7
h(fi—f2) =S m(v-v3); vi-v3 =" (f,~f) Sox is B10
(12) (B).Massof two different nuclei isdifferent sorecoiling o 1 1 X
energy is different, so energy of two photonsis (27) (D). != g on =>n=3 v 3
different. 2 2
133
(14) (D). First excited state of Li** means second orbit. Xy/2
13.6x9 N 1 N 7 1
E=- = 30.6eV . N=—2 Remaini ion ==—2-1-L_=
(28) (©) o ;Remaining fraction 8~ P
(15) (A). Distance of closest approach ¢ 15
nN=3=—=3=>"=3=T=5min.
_2KZe®  2x9x10” x 92 (16x10719)? T T
fo = E 5x10° x1.6x 1029 (29) (A).ltisapractical curve. o
- 10-14 meter = 10-12 cm. 8% E,Iig TLhS ine;gl;y _(;iel é\gidxby radiation to atarget.
*3 1 4
3 X may be gamma photons
i - 14
(16 (©. 2 KTx2=7.7x10° (32) (D). Distance of closest approach
2 2
g x138x 102 x2x T =7.7x 1014 o= X208 22
T = 109K : 5 mv?
(17)  (B). Momentum p, = p, (33) (D). P+ 4Li7 > 2(,HeH
myvy = MyVp AE =(2x4x7.06)— (7 *x5.60)=17.28 MeV
4 4 (l’\g v. 1 1 NG (34) (C).E=W,+eV,=6.2+5=11.2eV
3dy — Bgy_ | | =—=2==.21=|=
Vs = o dv, i L) v 20 (2] _hc_12420x10™°  12420x10°™"
(18) (A) 1H2 T 1H2 N 2He4 E E(eV) llZ(EV)
(4x7)-[(1.1) x 2+ (1.1) x 2] =23.6 MeV =1000 A whichisin ultraviolet region.
(19) (B). Surfaceisreflecting so change in momentum (35) (D). Timetakenis10710 sec.
o (36) (D). Aswavedengthincrease, energy of photon decreases
=2xp=— and electron coming out form depth, decreases.
p
20 (O).hv ¢ (37) (C). Whenelectrontransit 2 to 1 it emits maximum energy
20 D).hv=¢+E, =10.2¢eV.
Ex=hv-¢
. . . . — E h
Thisis equation of straight line, whose dopeis'h'. (38) (D).E=mc2=mcxc=Pxc; ngz%l
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(39) (B).AE=AMxC?; AM=(8Mp+9M, —M,) (52) (B). Conserving the momentum
There are 8 protons and 9 neutronsin gO*/ nucleus. M M
(40) (B).y-ray have no charge and no mass. 0=—V;——V,
41) (B).Ty=Ty 2" 2
v,=v, L. @
1= V2
0'693—i:0693k =2 1M 1M
A Ay DI TR S0 by > Ay Amc? == —VE+Z—VvZ )
. 22 22
SoY will decay faster.
M 2Amc? 2Am
k 2 2 _V 2, _ 2. _
@) (A). F=— m:/ = =V = constant Ame” =—=-Vi Vi Vi=c
(53) (B).Inpositive betadecay aprotonistransformed into a
mvr =§_h Svael s D congtant ireen neutron and ag)gstron is emitted.
7 r r pr—>n’+e
and v is constant so KE is also constant. No. of neutrons initially was A— Z
(43) (A).AccordingtoBragg's2dsing=n\ No. of neutrons after decay (A —Z) — 3 x 2 (due to
Here,i=90-¢. So¢p=90-i alpha particles) + 2 x 1 (due to positive beta decay)
2dsin (90—i)=n\ ; 2dcosi=nhi. The no. of proton will reduce by 8. [as3 x 2 (dueto
1297 alpha particles) + 2(due to positive beta decay)]
(44) (A).2dcosi= T A Hence atomic number reduces by 8.
\% (54) (A).4x103=10%2x hf
12.27 V3 1227 4x10°
2x1%xc0830= "= = 2X— = —F— = =6.03x 1016 Hz
W 2 W 10% x 6.023x 10"
150 The obtained frequency lies in the band of X-rays.
= V=—>—= 50V
3 2 —A\t 1 —At
=Ng=Nge ™1 ; =Ng=Nge "2
(45) (C).Therewill beaprincipal maximaat the centre on both (55 (©). 30 0 '3 0 0
sides of which subsidiary maximas and alternately ) (to-ty) - oL
minimas are observed. 2=e (270 5 A (tz-ty)=In2
(46) (A). Energy is released when heavy nuclei undergo In2
BE (ta—ty) ==, =20min.
fission or light nuclei undergo-fusion because N
2 2
increases. (56) (C). E1= —w - Eg= —%
(47) (D).Energy of I — R radiation < energy of U — V radiation @ ©)
(48) (A).If B.E. of productismore energy isreleased.
h 1240 AE=E.—E _136(3)2 |:1—£}—M
49) (B). W ==K e = e~ 1.68 = 1.426V 37E1T 9 9
. A 400 . o AE=108.8¢eV
(50) (D). Since the frequency of ultraviolet light is Ifass_than (57) (D).hv=hvy+k
the frequency of X-rays, the energy of each incident kK =hy—hv
photon will be more for X-rays max 0 .
K-Ephotodtectron = v = & (58) (D).1fn=4; lines= "D _g
Stopping potential is to stop the fastest
hv ¢ (59) (C).Botharetrue
photoelectron, Vg=—-— 1 1 0 —
e e (60) (A). o —>H +_1€7+v+Q
So, K.E, 5 @d V both increases.
Am=m,-m, —
But K.E rangesfrom zero to K .E,, ,, because of loss _ M= M m% Me 7 a1
of energy due to subsequent collisions before ‘_(1'67252%0_ —1.6725x 1077 -9 x 10" kg
getting g ected and not due to range of frequencies =-9x10""kg 31 2
in theincident light. Energy =9x 10! x (3x 10°?=0511MeV
(51) (C). After decay, the daughter nuclei will be more stable whichisnearly equal to 0.73 Mev but asenergy will
hence binding energy per nucleon will be more than berequired. _
that of their parent nucleus. Since massisincreasing so answer = 0.511 Mev
(61) (D).AsA isincreased, there will be avalue of A above
which photoelectrons will be cease to come out so
photocurrent will become zero.
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(62)

(63)

(64)

(65)

(66)

(67)

(D). AE=hv

AE 1
=—=k 5
h Ln—l) n

(A)-%szz[i—i] a2

= ———— oC
nz(n—l)2 n® nd

12 22 3RZ?
M=o kg = A3 =, hg = o
YRR 1R 2R
= }\.1:}\,2:4}\’3:9}\’4
(D). mv=gBR
(mv)” hv=136|2_ L
KE(max) om =0.8ev ; Nv= 279
W=hv_KE, =136 — —08=11eV
= V= RE(max) =190 36 ~V0= L. e
2 2
(D). PE:—27.2%eV;TE__1362 o KE_13.e;z o
n n n

13.6
KE:n—eV As n decreases, KE T

27.2
PE= —?ev , Asn decreases, PE |

13.6
TE= —FGV , As n decreases, TE ¥

(B). Franck-Hertz exp.— Discrete energy level.
Photo-electric effect— Particle nature of light
Davison-Germer exp.— Diffraction of electron beam

(C). For A : Number of half lives=80/20=4

[A] = 2°;A[A] xO[l—i}ExO

16| 16
For B : Number of half lives=80/40=2
3x A[A] 15/16
Bl =29 . _>%0.
(Bl=22: ABI==": A(g]~ 3/2

e

\Vj hc hc
A ¢ A ¢
hc 3¢
N a4 4
We can see that }F] 451 V’>V\/:
-4

hc E
i} kxzn 2k 1 (9 (C)-E"_E_[_?]"E
2

(70)

(72)
(73)

(74)

(75)

(76)

4E
E:—E—(_zE)zE ) ﬂzi
A %3
In2 Np-N No
T=— ~03= N=—0
BTN 13
N Nee ™ | et t= In(1.3) - In(13)
0 1.3 N n@
B
u o rest before
@." v, m/2
’ ——» fter
Vg

m .
mv =mVu +EVB (Conservation of momentum)

Vg=V,=V (e=1)
my,
}\’_Azh/pA =p_B= 2 B 1VB
Ag hipg pa mVju 2VA
A 1 4v/3

Va=w. V=2l SR Cu

3 3 Ag 2 VI3

hc hc
Amn=— : INApin =IN—=INV k-

(D). Amin oV min =1y (y=k=-x)

(B). For Serieslimitof Lyman: n; =1andn, =
= vp_RcZZ[l 1)
1 o

For Serieslimit of Pfund: n; =5and n, = oo

1 1 Vv
_Rczz[___)__L
= Ve 25 o) 25

-1
1 1 1 1
1 n RZ n

Sincenisvery large, using binomial

1 1 1 1 1
An > (1-{- j : An =—2+—2[—2)
RZ n Rz RZ“\n

2
B [ n2p2 )
A+;L2 As ki, _ 2nr h 1

r
= 27'C ——= | —on
n L4n 2mze? J
(A). Activity A=L N

ForA:10=(2Ng) A, ; ForB:20=Nyig
)‘B =dp= (Tyda=4(Ty2p

1
(A). » —¢+ m(2v) }L2—¢+2mv2
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C B
hc Vo
*r_ 2m > < v
A ¢ _ghe _dne 4hc hc _ ®) O ? vi2 9 %1)
= hc x_1_¢_ Ay T M Let massof B and Cism each.
Ay —¢ By momentum conservation
. \ ) mv 4
1 4 1 _ mVO:mV—_ , V= VO
= ¢=—th——— :L<1240[Mj =18eV 2
3 Ay A/ 3 350 x 540 Pp =2MVy; Pg =4mvy; P, = 2myv,
7 B).E eleased for t iti =2t =1of . h
(77) (B).Energy r or transition n on o) De-Brogliewavelength = 2
1 1) P
hydrogen atom E=1367%| — - —
Py h h h
12 M=o ke =g ke =3
Z=1n=1n,=2 Mo MVo MVo
11 3 2 3 T, nd o1
E=13.6><1><(——f) =13.6x—eV rn~.nn  11_71_3=
2752 81 A Toc—c—x—oc— ;
For He' i 122 ) on-® N T n3 8
or Hetionz= e 16 16
(A) n=1ton=4 T,=8T;=8x16x10"°=128x10"
1 4
fo=——~78x1
E:13.6x22x(1i2—4—:;j:13.6><%ev 2= oario o o
— - 1240
(B) n=2ton=4 (82) 11. Energyof photon.E:%:4eV>2eV
E=13.6x 2% x (iz_iz) _136x eV (so photoelectric effect will take place)
2° 4 4 =4x1.6x10719=6.4x 10719 Joule
(© n=2ton=5 5
No. of photonsfalling per second =u07ﬂ=1014
E=13.6x2? x[i—ij 136x 2rev orp 9P 6.4x1071°
22 52 25 .
_ _ . 1
(D) n=2ton=3 No. of photoelectron emitted per second =F=101 !
E=13.6x22x[i_ij=13.6x§ev
22 3 9 I Ao =\t _ .
(83 B). M [T t=In2=2ty, ()
Energy required for transition of He* for n=2to n = 4 t
matches exactly with energy released in transition of H 700
forn=2ton=1. = In[%} =1 (30min) ....(ii)
(78) (D).G—>£=|:>1 lpzzﬂ Eq. )/ G N2ty
A M A In(7/5) 30min
- - . = (2.06004) 30=t,,,=61.8min.
Plz%i & ?’zzxij ( )30=ty, . -
1 2 _ . _
(84) (A). L forelectron= ; Afor photon= —
Using momentum conservation d v 2mE E
. h - A h E 1 E
P=R+P,=—i+— 0= ——===\—
1=y Ratio= e he ~ c\2m
> > (85) (C). Ag=2rp
T AL h _ 2h
T,A=4T 0!
h (£\2+(1\2 L1 1.1 adTg=(To-15)eV ...(i)
A UlJ szJ VY'Y From (i) and (ii)
3Tg=15eV=Tz=05eV
(79) (A). Massdensities of all nuclei are same so their ratiois Tg=05eV=45eV—¢g

1

o=4eV

=
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86) (©C).y 1 E 16x102 16 . 5 16 ., o
F Y a === = x10 " ==—x10"
sn® c  3x10® 3 3
2 =5x 10722 kg m/sec.
8 C). By de-Broglie hypothesis
(87) (C).By . g yph 6 O fv 0 p 92 10-2
.Sincep=——"=> T="—"=
A=—3 hg=—re— e @ P20 7t v 66410 x6x107
mv m\/EVO =5x 1015
e h (7) (D). Number of emitted electrons
2
2 2. [€Eot)" _ h .. 2 Ng oc Intensity 0 ————
\/vo+v0+[ o ) = o @ E y (Distance)?
my|2vo + 2 Therefore, as distance is doubled,
N decreases by (1/4) times.
By (1) and (2), 1" = ——0 ®  (A)KEpg=hv—
A e’E3t? or hv=KE,,+¢=5eV+6.2eV=112¢eV
+
2m*v5 _ 12420x1071° A
(88) 486. For Balmer series, T T 12(ev) - L0
1 1 whichisin ultraviolet region.
i=RH(lzlzj o 22 @ g 536 O (B)mye=my
2° n3)’ 1 1 ° 6561 3/16 31, 6
2 M - v MeVe _ 9.1x10 - 3x10 =2 7x 108 mys
2° 4 m 10
20 (10) (B). Saturation current oc intensity
Ao = o7 % 6561=4860 A =486 nm (11)  (A). Curves (a) and (b) represent incident radiations of
same frequency but of different intensities.
(89) (D). 1Rydoergenergy =13.6eV (12) (A).%= 667 x 10 5, P~ 0% 10-5W
So, ionisation energy = (13.6 Z2) eV =9 x 13.6eV ' ’
_ Nh .
Z=3 P= TC , N : No. of photons emitted/sec.
1 2[ 1 1] ., 8
—=—RZ| =-——| = P
A 2 ) ~H09d0xdxgs A=114nm 9x10°3x667x10° 9x6.67x10 0 o6
N= 34 8 56 = 3x107 /sec
6.6x10 " x3x10 3%x6.6x10
EXERCISE- N;jhe
PART -A (DUAL NATURE OFMATTERAND  (13) (A). Power of sourceS;, P; =E; N, = »
RADIATION
Nshc
hc 12375 12375 Power of source S,, P, = N,E, = —2=
1 C).E=—= E=—""_eV => E=——-¢V 2722y
b © A » (in &) 4100 2
= E=x3eV N5hc
VS Powerof S, P _ r2 _Noly
A
5hV0 - hVO V% 1
According to question, 5., ., 2
gtod 2hvg—hvp  vi _ (1.02x10"photons/s) x (50004) _ 51 _,
Vy=2v;=2x4x108=8x10%m/s (10" photons/s) x (5100A) 51
(3)  (A). A photo-cell employs photoelectric effect to con- (14) (D).eV=KE
vert light energy into photoelectric current. ' max
(4 (A).When electrons emitted from cathode collide with  (15)  (C). A c1/JV
gas molecules atoms, they knock out outer electrons 05 1
and produce positively charged ions. They become (16) (C). V1 _ / - =
part of positive ray. Vo V25-05 2
(5) (C).1MeV=105x1.6x10joule 1
Momentum of photon (17) (B). Emv2 =eV
[178
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(18) (A). Concept of threshold frequency he
(190 (A).K.E.=hv-hvy =€V, (V= cutoff voltage) Substracting both the equations, ¢ = m
h
=— (8.2x10"-3.3x10M)=2v hc  hc
(20) (B).KE,, =10eV;$=2.75¢eV ¢ hc/an
E=¢+KE 5 =1275eV 2400
= Energy differencebetweenn=4andn=1 (31) (D). Energy of photon (E) = % =2.48¢eV
= Vaueofn=4 .
he - Work function (¢) =2.28 eV
)N =200x22 According to Eiensteinequation E=¢q + (K.E.) 10
(1) (A). Giventha, [ j 100 = 248=228+(KE)__ = (KE) , =020eV
_200x 25 A 200 % 25x 0.6x107° For electron ) = h ~28A .S0,>2.8%x109m
- = 34 ) V2mE
100 hC 100x6.6x10" x3x10
- 20 hc 2hc
=15x10 (32) (B). KEi=""-¢; KEp= m—¢———¢
(22) (C).n—»>2-1;E=10.2eV, KE=E-¢,
Q=10.20-3.57; hvy=6.63eV ohe c
19 KEz:?'KEl:’T_("ﬂ(T_ j
6.63x1.6x10" 15
=T = - 1.6x10
6.67x10 hc hc
= 20=—= 0=
Py 2%
N h di do o5 p
23) A.A=—; —=""— ;==L = p'=200
@) BTy T T e PP (33) (A). =t ,kp:h—EC,E:%
(24)  (B). K.Ep =E-W 2mE p
lmv12=(1—o.5)evzo.5ev le __h E 1]E
2 Ap 2mE hc c\V2m
1 mv3 = (2.5-05) eV = 2eV he he
2 (34) (D).Casel: ev = T e o)
v_[o5_1_, i
v, V2 s Casell: oY -6 _he_ o, _4hc_4hc
A 2L A 2L A
h hc 2
25 B). App=—=—and Ao=—= = A A Eqg.(1)—eq. (2
(25 (B) P b E e D \/ﬁ p XAg g.(1)—eq. (2)
hc 2hc 4hc hc  hc 3hc
1 2 2hy =t = = Ap=3r
(26) (D). h(2v)= hv+§ MViax = Vimax = o Aok Ao o A Ko
(27) (B).E=hv-¢=05=hv-¢..() h p? h2 he
0.8=12hv—¢ (2 (35)  (A).Momentum, P=—=E=2—= o2 g
Equation (1) x 1.2 —eq. (2) m 0
—0.2=-02¢; ¢=1eV he e 2
h h = Ag=—2m R
(28 (B)r=—= TonE (- p=~/2mE) h2 h
P vZm (36) (D).Ep=E-0
h A 2eV=5eV-o=>¢=3eV
M= —m=—=—==="=025" . o change = -75% NoweV,=E-¢=6eV-3eV=3eV
2m(l6E) 4 . i
. . So, stopping potential is —3V.
(29)  (A). Accordingto De-Broglie, p=h/a (37)  (A).Kinetic energy of thermal neutron with equilibrium
hc hc 3
(30) (A). &Vs=—-0¢;3Vg=—-¢ .. D is > KT
eV, - E o @)x3 h h h h
2 M T VaKE ~ BmKT
38V, 3hc MeE om [§ KT) m
R 2
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(38)

(39)

(40)

(41)

@
@

©)

(A).1o=3250A,1=2356 A

1 5 1 1 2hc|1 1
Zmvi=hc|=——| . v= [—|=-
2 A Aol m | A Ag

_ [2x12400%1.6x10° [ 714 }
9.1x10731 2536 x 3250

=0.6x 108 m/s=6x 10°m/s

(C). Initial de-Brogliewavelength

=

O—V,

-
%F

. eE
Acceleration of electron, a= ?0

Velocity aftertime ‘t":  V = [Vo +@tj
m

So, x:%: heE
m m[VO+7Ot)
h X
B a ek,
mVo l+@t 1+ 0 ¢
mVO mVO

©). E=Wo+%mv2 : h(2vg) = hv0+%mv12

1
hvo =3 mZ 0)

h (5Vo) = hVO +%mv% ; 4hV0 = %mV% ..... (||)

2
Divide() by (i), T_VL . V1_1
4

V% Vo 2

(B). For ane€lectron accelerated through apotential V.

1227 1227x10°%°

W J10000

A =1227x1012m

PART-B(ATOMSAND NUCIL E|
(A). KE=-TE=3.4eV

(C). 2H and 3H requiresaand b amount of energiesfor

their nucleons to be separated.

‘Z‘He releases ¢ amount of energy in its formation

i.e., in assembling the nucelons as nucleus.
Hence, energy released=c—-(a+b)=c—-a-b

(A). Isotones mens equal number of neutronsi.e.,

(A-Z)=74-34=71-31=40

4

©)

(6)

()

©)

(10)

(1)

(12)

(D). B.E. per nucleonissmaller for lighter aswell asheavier
nucleus. But fusion reaction occurs for small mass
number nuclei and fission reaction occursfor larger
mass number nuclei to attain reaction binding energy
per nucleon.

(C). Binding energy per nucleon for fission productsis
higher relative to binding energy per nucleon for
parent nucleus, i.e., more masses are lost and are
obtained as kinetic energy of fission products.

So, thegivenratio< 1.
(A). Energy of ground state 13.6eV

13.6
Energy of first excited state = — —3.4eV

. 13.6
Energy of second excited state = 9 = —1.5eV

Difference between ground state and 2nd excited
state=13.6-15=12.1eV

Electron can be excited upto 3rd orbital

No. of possibletransition 1 —»2,1—3,2—> 3

So, threelines are possible.

(A) 1D2 —> 2He4

Energy released =28 —2 x 2.2 =23.6MeV
(Binding energy is energy released on formation of

Nucleus)
(D). Let at time t; and t,, no. of particles be N, and N,.
dN, dN,
Ri=—==-AN;; R, =—==-AN
So, Ry=- 1 R2 = 2
Ry  ANp N
RZ 7\,N2 Nlef?“(tzftl)
(C). R=RyAL3,

For berellium, R; =R, (9)3.
For germanium, R, = RyAY3

Re_ 9 1 9 1 9

Re W) "2 P78 A
=A=8x9=72
(D). Energy inthefirst excited state
= _12'6 = _12'6 = —3.4eV
n 2

But K.E. =— (Total energy) =+ 3.4 eV.
(A). In betaminus decay (B~), aneutron is transformed
into a proton, and an electron is emitted from the

nucleus along with antineutrino. n=p+e +v

(A). The difference in mass of anucleus and its constitu-
ents, Am s called the mass defect and is given by
AM =[ZM+ (A-Z) M ] -M
and binding energy = AMc?
=[{ZMy+ (A-Z2) M} -M] c2

=
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(13) (0).R=RyA™3 At for N2
For 22 Al, Ry =R, (27)13=3R, R
The activity R reducesto Ry/2.
For 1°Te,R,=Ry (125)3=5R, loge2 l0ge 2 _
V2 = = = 5loge 2 MIN.
R, 5R 5 5 oWy
—2_=0. R, R, =>x36=6fm.
R1 3Ry 3 3 (23) (B).For fLi nucleus, Massdefect, AM = 0.042u
14) (). N=NeM 1u=931L5MeV/c?
4 © 0 AM =0.042 x 931.5MeV/c? = 39.1 MeV/c?
NA e oM _(1)2 . [az_e_m _(Dm Binding energy,
N At e ’ - - 14 MeV
B € E, = AMc?= [39-1—2] ¢ =39.1MeV
= =2 . t=1U2 ¢
_ Binding energy per nucleon,
(15) (D).E,=-136eV; E 13'6€V
B . , 2 =
4 Epy =2 = BV _560ey
AE=E,E;=102eV A 7
N, 1 g oM _A)t hv
(16) (D). N, e ot e o 1=4Mt ort=21/4\ (momentum)2 o
€ (24) (C).E= -
1 K77 2M 2M
2 122
=m
an ®).5 r (1_3]_22[l_i}
- . (25) (A). 2) %2 18] - z=2
n (n 1 : (26) (C).After t second fractional amount of X left is
(18) (C). =6
: 10r[1)4 t=4xT,,;t=4%50=200
_— — =4X T=4X =
n2-n-12=0 16 \2 V2’ years
(n-4)(n+3)=00rn=4 . (27) (D). Fusion reaction takes place at high temperature
For maximum wavelength AE should be minimum. because kinetic energy is high enough to overcome
(19) (C). ;XA > 0t+2 1[30 + YA the coulomb repulsion between nuclei.
(28) (D). o emission decreases mass number by 4 and atomic
(20) (D). 2Xx——%..Y B, number by 2.
4, Aa Two B~ emission increases atomic number by two
ZaY > 21B >Zz1B:a but leaves mass number unchanged.
A-4p= A-4B .y (29) (B).InitialyP—4N,,Q— N,
. . . Half lifeTo,=1min., To=2min.
+ th P ' Q
(21)  (A). Energy of an hydrogen like atom like He™ inan n L et after timet number of nuclie of Pand Q areequal
it isciven by E 13.622 o Ny Ny Ctota
orbit is given =- =lort=4min.
g Y En n? that is —= i 2“2 or iz
For He"ion,Z=2
For first excited state, n =2 _ _(4Ng) _ No
soatt=4min, Np= A "4
E,= 2 136) o/ — _13.6ev
(2)2 _ [4N No ] (N No] 9N
(22) (D). According to activity law Population of R = 0" ) NoT )T
R=Rye™M ()
where, Ry =initial activity att=0 -0.58eV
R = activity at timet, A = decay constant —0.85eV
Ro = Np counts per minute _ (30 (B). -1.51ev 12008V
R = Ng/e counts per minute, t = 5 minutes -3.4eV Tooav" - 2
-13.56eV y ~n=1

Substituting these values in equation (i), we get

N

Lo Nge P gl =g
e

5\ =1o0r A =1/5per minute

Differenceof 11.1eV isnot possible.

e
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STUDY MATERIAL: PHYSCS

T Ne_1_ N _N_1
El:z i NS
(31) (D). —¥ n=3 Ny 7 Ny+Ny No 8
E2= o By using N = Nye ™! we have
Yy = n=2 N
5 =Nge™'=t=3x20=60years
_he_iae H_%} ......... &
M Q" @ [1 1]
) L1 (X Lyman ) 2 2) 5/3 5
C = = [ p—
L I, @) ©) roame )y (11| 314 27
Ao 2° O 27 52
1 2
11 (39) (C). Energy incident
Sivid M_a9 D
vidingeq. (2)by (1), 57=7"71 =7 he  6.63x107% x3x 108
9 16 = 975210 P X610 2T
TheHydrogen atomwill beexcitedton=4
(3 ©). Ny=0 \ No ;N =N,
Number of spectral lines= — - 6
%:% L QU120 _ 5(t/10-2) (40) (D). Q=2 (BE of He)— (BE of Li)
"% @' =2 (4x7.06) (7 5.60) =56.48—39.2=17.3 MeV
(41) (C).X:Y=1:7; X:(X+Y)=1:8=1:28=3hdflife
Lot ot U ot=40 . AT=3x14x10%yrs=4.2x 10%rs.
20 10 10 20 (42) (A).R=Ry(A)Y3; Ry =R, (27)/3=3R,
(33) (A). For emission 5
. ( \ Rpe=Ry (125)Y3=5R = ~Ry|
T _RA 1.1 -R i1 1 -R _1
x an 2 } 2 5) " > 43) (A).V =(2.19x 108 m/sec) (Z/n)
L _ 6 - 6
= (2.19x 10° m/sec) (2/3) =1.46 x 10°m/s
) h 24 (44) (A). For Lymanseries
Linear momentum, P= e hxR X5
> (1\—R(1)2i—1 N 4
- v = 24hR V= 24hR L}Lmax L (1)2 (2)2 ’ ( max)L _ﬁ
25 25m For Balmer series
(34) (D). Forinfrared A high .. AE shouldbelow.
. 1 (1) re2| Lo 1| 36
Y — = ——— | - -
(35) (B). N;=Nge ™ ; N1=§NO Lxmax 5 (2)2 (3)2 ; (M max)B 5R
N
O _NgeM2 @ OmadL _ 4 SR_S
3 (vmax)s 3R 36 27
N, =§No ; %No _ Noe‘Ml ...... %) (45) (B). By Conservation of linear momentum: p;=p;=0
PHe —Pth = 0= PHe = Pth
Fromeq. (1) and (2)
1
1_ ot 5 Mt-t)=In2 But Koc ™ and mye <my, S0, Ko > K
i (46) (C).Ry=10"m. Lastlinen,=oo,n =2
n
tz—t1=—=T1,2=50days 1 1
A ~=R (Zj =0.25x 107
0.02866
(36) (D). Energy released per u= 2 (931 MeV) 1 1
@47 (C).n= D=
=6.675MeV R(i_i] R[i_i)
@7 (©).X ———— Y (stable) 2?2 3 2 42
N, N,

=
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For last lineof Lymanseries: n; =1& n,=o
1 1)
EZ—[ZZ ?) 20 1 _Re? iz—iz =R(1)2{i2—i2}
A [ 1 1] 7 AL ny ns 1°
2 42
> _ 1 g 4IR
(48) (D). Number of active nuclei fallsfrom 60% to 15%. AL =E ,,,,,,, 2 ; K—m—

1 1
So sample becomes 7 th = ?th

So, number of half-lives=2. Timet=2x 30=60 min.

(49) (A).Ap=8)\, Ag=1
Na e Noe™
Ng=—"= Npe " =
B™ e 0 e
1
At=-8M-1=>TM=-1t=——
e
Best answer ist = 1/7A
(50) (B).Forlastlineof Bamer:n;=2& n,=oo

1 o1 1 o1 1 4
= =R =-=|=R®W?| - | hn=—
g Lf n%} @ Lz 2}, Ag =5 1)

(51)

(52)

(53)

(54)

(B). KE = — (total energy)
So, Kinetic energy : total energy =1: -1
(C). Number of nuclei remaining = 600-450 = 150

1 1
v -
No '600 \2 ’ B
t=2t;,,=2x10=20minute

(©). InBohr’smodel of Hatom

U
K.E.:|TE|:'—2':3.4ev

U=-6.8eV
(A). oa-particle is nucleus of Helium which has two
protons and two neutrons.

[4
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