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SHORT REVISION

1. CATHODE RAYS :
@ Generated in a discharge tube in which a high vaccum is maintained .
(b) They are electrons accelerated by highp.d. (10to 15 K.V.)
2
() K.E. of C.R. particle accelerated by ap.d. V'is %mv2 =2P—m =eV.
d) Can be deflected by Electric & magnetic fields .
2. ELECTROMAGNETIC SPECTRUM : red(7.6x107m) «— | —> violet(3.6x107m)
Ordered arrangement of the big family 3x10%m  3m  3%10~4m 3x10-12m
of electro magnetic waves (EMW)
either in ascending order of frequencies “infrared Ultra violet Gamma rays
or of wave lengths . s
Speed of E.M.W. in vacuum Radio waves
C=3x108m/s =vA N e
3. PLANK'S QUANTUM THEORY : Micro waves o
Abeamof EMW isa stream of discrete (¢.g. radar) Visible light
packets of energy called PHoTons , 10% 105 105 101010121014 1016 10181020
gf}(érr]gp;oiorllz h:a\:]lr\m/g Talfrequencyv and Frequency (Hz)
h = plank 's constant = 6.63 x 1034 Js .
4, PHOTO ELECTRIC EFFECT :
The phenomenon of the emission of.electrons , when metals are exposed to light (ofa certain
minimum frequency) is called photo electric effect.
Results :
0] Can be explained only on the basis of the quantum theory (concept of photon) .
(i) Electrons are emitted  if the lincident light has frequency v > v (threshold frequency) emission of electrons

is independent of intensity . The wave length corresponding to.v, is called threshold wave length 2., .
(i) v, is different for different metals .
(iv)  Number of electrons emitted per second depends on the intensity of the incident light .

(V) EinsTEINS PHOTO ELECTRIC EQUATION :
Photon energy = K. E. of electron + work function .
hv=Emv? 4 o
2
¢ =Work function = energy needed by the electron in freeing itself from the atoms of the metal .
d=hv,
(vi)  StoppING PoTENTIAL OR Cut OFF POTENTIAL :

The minimum value of the retarding potential to prevent electron emission s :
evcut off = (KE)

Note : The number of photons incident on a surface per unit time is called photon flux.

max

WAVE NATURE OF MATTER :
Beams of electrons and other forms of matter exhibit wave properties including interference and diffraction

o

witha de Broglie wave length givenby A = %

(wave length of a praticle) .
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6. ATOMIC MODELS :
a) THOMSON MODEL : (PLUM PUDDING MODEL)
0] Most of the massand all the positive charge of an atom is uniformly distributed over the full size
ofatom (1010m).
(i) Electrons are studded in this uniform distribution .
(i) Failed to explain the large angle scattering o - particle scattered by thin foils of matter .

™
() RUTHERFORD MODEL : (Nuclear Model) o
0] The most of the mass and all the positive charge is concentrated within a size of 1014 minside &
the atom . This concentration is called the atomic nucleus .
(i) The electron revolves around the nucleus under electric interaction between themin circular orbits. <
An accelerating charge radiates the nucleus spiralling inward and finally fall into the nucleus, %
which does not happen in an atom. This could not be explained by this model . g
(c) BOHR ATOMIC MODEL : §
Bohr adopted Rutherford model of the atom & added some arbitrary conditions. These conditions are g

known as his postulates :

. . . . . mv? kze?
0] The electronina stable orbit does not radiate energy . i.e. rv = :2

(i) A stable orbit is that in which the angular momentum of the electron about nucleus

. h . h
is an integral (n) multiple of o e, mvr :ng; n=1,2, 3, ..« (n=0).

(iii)  The electron can absorb or radiate energy only if the-electron jumps froma lower
to ahigher orbit or falls from a higher to a lower orbit .
(iv) _Theenergy emitted or.absorbed.is a light photon of frequency v and of energy.E = hv .

FOR.HYDROGEN ATOM : (Z = atomic number = 1)

0] L, = angular momentum.inthe n" orbit = nL )
2

Y
(i) " r, =radiusofn™ circular orbit = (0.529A% n?; (1A°=10m); r, o n?.

(iiiy  E, Energy oftheelectron in then™ orbit = Lﬁiev ie. E, a iz .
n n
Note : Total energy of the electron inanatom is negative , indicating that it isbound .
Binding Energy (BE), = -E, = 13'626\/
n

(iv)  E,,-E, = Energy emitted when an electron jumps from n," orbit to n," orbit (n,>n,).

2
nl r-]2

AE = hv ; v = frequency of spectral line emitted .

AE = (13.6 ev) {%—i} .

2
n, n

% = v =wave no. [ no. of waves in unit length (1m)] = R[iz_i} .
2
Where R = Rydberg's constant for hydrogen = 1.097 x 10’ m? .

(V) For hydrogen like atom/spicies of atomic number Z:

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779,

Bohr radius n’ Z?
oy = ———— n? = (0.529 A°) > E.,= (-13.6) e
R, = RZ? — Rydberg's constant for element of atomic no. Z .

Note : If motion of the nucleus is also considered , then m is replaced by p .
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Where p = reduced mass of electron - nucleus system = mM/(m+M) .

Characteristics equation eV =hv_
e=electroncharge ;

V = accelerating potential

v, = maximum frequency of X - radiation

2
& In this case E,, = (~13.6 ev) Z»
8 n2 me
%' 7.  SPECTRAL SERIES :
g 0] Lyman Series : (Landing orbitn=1) .
U; Ultraviolet region V=R iz—iz ; n,>1
m 1° n,
th (i) Balmer Series : (Landing orbit n=2)
© . L 1 1 :
= Visible region v=R| ————_ ; n,>2
. 22 nz2
§ (i)  Paschan Series : (Landing orbit n=3)
°§ Inthe near infrared region V=R{3i2—i2} , n,>3
r"2
8 (iv)  Bracket Series : (Landing orbit n=4)
D L S IR I
N Inthe mid infrared region v=R|— - —| ; n,>4
) 4 n,
L_Ct)s v) Pfund Series : (Landing orbit n=>5)
> , 1o .
) Infar infrared region’ v=R| ——— ' n,>5
- 2
In-all'these series’n, = n;+1 is the o line
=, +2 is the f line
=n, +3 is the yline ........... etc . wheren;= Landing orbit
S
‘5 8. EXCITATION POTENTIALOF ATOM . :
o] _
<) Excitation potential for guantum jump from n,——n, = Eno B :
= electroncharge
g 9. IONIZATION ENERGY :
o= The energy required to remove an electron froman atom . The energy required to ionize hydrogen
% atom is= 0-(-13.6) = 13.6 ev .
_EE 10. IONIZATION POTENTIAL :
O
g Potential difference through which an electron is moved to gainionization energy = i
= electroniccharg e
g 11. X-RAYS :
& (|) Short wavelength (0.1 A° to 1A°)_ electromagnetic ra(_JIiation . K ky-Characteristic Spectrum
- (i) Are produced when a metal anode is bombarded by very high energy
® electrons . Continous ky kg,
‘—é (iii)  Are not affected by electric and magnetic field . Specm
= (iv)  Theycause photoelectric emission . ! W 35000 volt
@)
A
L
L
o
LL
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(V) Intensity of X - rays depends on number of electrons hitting the target .

(vi)  Cut off wavelength or minimum wavelength, where v (in volts) isthe p.d. applied to the tube
12400

min—

(vii)  Continuous spectrum due to retardation of electrons.

(viii)  Characteristic Spectrum due to transition of electron from higher to lower

v o (z-b)? ; v=a(z-b)? [ MoseLEY's Law ]

b =1 for K series ; b = 7.4 for L series

Where b is Shielding factor (different for different series) .

A° .

com
>

Z
o
—
@

() Binding energy = - [ Total Mechanical Energy |

(i) Vel. of electron in n'" orbit for hydrogen atom = ; c =speed of light .

_c

137n

(i) Forx-rays 1-R(z-h)t| L1
A nl2 n22

(iv)  Series limit of series means minimum wave length of that series.

[EY
N

NUCLEAR DIMENSIONS :
R= R,AY®  Where R, =empirical constant = 1.1x 1071 m; A=Massnumber of the atom

RADIOACTIVITY :
The phenomenonof self emission of radiation is called radioactivity and the substances which.emit these
radiations arecalled radioactive substances. It can be natural or artificial (induced) .

[EY
w

14.  o,p,y RADIATION :

i o-—"particle :
(a) Helium nucleus (,He%) ; (b) energy varies from 4 Mev t0-9-Mev ;
(c)Velocity 106 — 10 m/s - (d) low penetration

(i) [3 — particle :

(a) Have much less energy ;. (b) more penetration ;. -(c) higher velocities than o particles
(i)  y—radiation_:Electromagnetic waves of very high energy .

LAWS OF RADIOACTIVE DISINTEGRATION :
(A)  DispLacement Law :  Inall radioactive transformation either an o or 3 particle (never both or more
than one of each simultaneously) is emitted by the nucleus of the atom.

[EY
o

i icgi - A A-4 4
(i) o.—emission : XA—— _ YA™* + Ja® + Energy

(i)  B—emission : XA—— B+ ., YA+ vy (antinuetrino)

(i)  y—emission : emission does not affect either the charge number or
the mass number .

(B)  StasTisTicAaL Law :  The disintegration is a random phenomenon . Whcih atom disintegrates first is
purely a matter of chance .

Number of nuclei disintegrating per second is given ;

(disintegration /s /gmis called specific activity) .

0) d—NaN —>d—N=—kN = activity .
dt dt
Where N =No. of nuclei present at time t ; A =decay constant

(i) N=N,e"* N, = number of nuclei present in the beginning .
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(i) Half life of the population T,, = % ;

at the end of n hal—life periods the number of nuclei left N = N, :

n

(iv) MEAN LIFE OF AN AToM = Ylifetimeof allatoms LT =

1
totalnumberof atoms Y

v) Curie: The unit of activity of any radioactive substance in which the number of disintegration
per second is 3.7 x1010 ,

16. ATOMIC MASS UNIT (am.u. OR U) :

lamu = é x (mass of carbon — 12 atom) = 1.6603 x 1027 kg

17. MASS AND ENERGY :
The mass m of a particle is equivalent to an energy given by E =mc? ;
c =speed of light . 1 amu =931 Mev
18. MASS DEFECT AND BINDING ENERGY OF A NUCLEUS :
The nucleus is less massive than its constituents. The difference of masses is called mass defect .
A M = mass defect = [Zmp + (A-Z2)m] - M,, .

Total energy required to be given to the nucleus to tear apart the individual nucleonsco mposing
the nucleus, away from each other and beyond the range.of interactionforces.is-called the Binding
Energy of anucleus .

B.E. =(A M)C? .

2
B.E. pernucleon = w .

Greaterthe B.E. , greateris the stability of the nucleus .

19.  NUCLEAR FISSION :

0] Heavy nuclei of A, above 200, break up onto two or more fragments of comparable masses.
(i) The total B.E. increases and excess energy is released .

(i)  The man point of the fission energy is leberated in the form of the K.E. ofthe fission fragments

92

1
36Kr+3,n" +energy

. eg. ‘HU+ n'>%0U—1 Bat
20. NUCLEAR FUSION ( Thermo nuclear reaction):
) Light nucleiof Abelow 20, fuse together , the B.E. per nucleon increases and hence the excess energy
is released .
(i) These reactions take place at ultra high temperature (=107 to 10°)
(i)  Energy released exceeds the energy liberated in the fission of heavy nuclei .

eg. 4;P— He+’e . (Positron)

(iv)  Theenergyreleased in fusion is specified by specifying Q value .
i.e. Q value of reaction = energy released in a reaction .

Note : (i) In emission of B~, z increases by 1.
(i) In emission of B*, z decreases by 1.
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EXERCISE # |

A parallel beam of uniform, monochromatic light of wavelength 2640 A has an intensity of
200W/m?, The number of photons in Imm? of this radiation are ........................

When photons of energy 4.25eV strike the surface of ametal A, the ejected photoelectrons have maxinmum
Kinetic energy T, eV and de Broglie wavelength 2. The maximum kinetic energy of photoelectrons
liberated from another metal B by photons of energy 4.7eV is T, = (T, — 1.5) eV. If the De Broglie '}
wavelength of these photoelectrons is A, = 2., then find

The work function of a (b) The work functionofb is () T,and T,

When a monochromatic point source of light is at a distance 0f 0.2 mfroma photoelectric cell, thecut off _;
voltage and the saturation current are respectively 0.6 volt and 18.0 mA. If the same source is placed &
0.6 maway from the photoelectric cell, then find B
the stopping potential (b) the saturation current §
(e}
(@)

pag

An isolated metal body is illuminated with  monochromatic light and is observed to become chargedto
a steady positive potential 1.0 V with respect to the surrounding. The work function of the metal is ©
3.0eV. The frequency of the incident light is

79,

663 mW of light from a 540 nm source is incident on the surface of a metal. Ifonly 1 of each5 x 10° X
incident photons is absorbed and causes an electron to be ejected fromthe surface, the total photocurrent §
inthe circuit is : s

o
Light of wavelength 330 nm falling on a piece of metal ejects electrons with sufficient.energy which g
requires voltage V/, to prevent a collector. Inthe same setup, lightof wavelength 220 nm, ejects electrons - -
which require twice the voltage V,, to stop them in reaching a collector. Find the numerical value of S
voltage V,,.(Takeplank's constant, h-=6.6 x 1073 Js and'1 eV =1.6 x 10-19))

Ahydrogenatom in a state havingabinding energy 0.85eV makes a transition to a state of excitation
energy 10.2eV. The wave length of emitted photonis ................... nm.

A hydrogen atom is in 51 excited state. When the electron jumpsto ground state the velogity of recoiling
hydrogen atomis............... m/s and the energy of the photon s ........xux. ev.

The ratio of series limit wavlength of Balmer series towavelength of first line of paschen seriess..............
An electron joins a helium nucleus to forma He+ ion. The wavelength of the photon emitted in this process

if the electron is-assumed to have had no kinetic energy when it combines witEh nucleusis......... m.__
3 n=
Three energy levels of an atom are shown in the figure. The wavelength M
corresponding to three possible transitionare A,, A, and A.,. The value E2 R . n=2
of A, interms of A, and A, is given by ’ }
E, n=1

Imagine an atom made up of a proton and a hypothetical particle of double the mass of an electron but
having the same charge as the electron. Apply the Bohr atom model and consider a possible transitions
of this hypothetical particle to the first excited level. Find the longest wavelngth photon that will be
emitted A (in terms of the Rydberg constant R.)

In a hydrogen atom, the electron moves in an orbit of radius 0.5 A making 106 revolution per second.
The magnetic moment associated with the orbital motion of the electron is

Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone

The positron s a fundamental particle with the same mass as that of the electron and with a chargeequal 2
to that of an electron but of opposite sign. When a positron and an electron collide, they may annihilate 2
each other. The energy corresponding to their mass appears in two photons of equal energy. Find the
wavelength of the radiation emitted.

[Take : mass of electron = (0.5/C?)MeV and hC = 1.2x10-12 MeV.m where h is the Plank's constant
and C is the velocity of light in air]
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A small 10W source of ultraviolet light of wavelength 99 nm is held at a distance 0.1 m from a metal
surface. The radius of an atom of the metal is approximately 0.05 nm. Find

the average number of photons striking an atom per second.

the number of photoelectrons emitted per unit area per second if the efficiency of liberation of phatoelectrons is 1%.

The surface of cesium is illuminated with monochromatic light of various
wavelengths and the stopping potentials for the wavelengths are measured. The
results of this experiment is plotted as shown in the figure. Estimate the value of
work function of the cesium and Planck’s constant.

A hydrogen like atom has its single electron orbiting around its stationary nucleus. The energy to excite
the electron from the second Bohr orbit to the third Bohr orbit is 47.2 eV. The atomic number of this
nucleus is

Assingle electron orbits a stationary nucleus of charge Ze where Z is a constant and e is the electronic
charge. It requires 47.2eV to excite the electron from the 2nd Bohr orbit to 3rd Bohr orbit. Find

the value of Z,

energy required to excite the electron from the third to the fourth orbit

the wavelength of radiation required to remove the electron from the first orbit to infinity

the kinetic energy, potential energy and angular momentum in the first Bohr orbit

the radius of the first Bohr orbit.

A hydrogen like atom (atomic number Z) is in higher excited state of quantum number n. This excited &
atom can make a transition to the first excited state by successively emitting.two photons of energy g
22.95eV and 5.15eV respectively. Alternatively, the atom from the same excited state can make transition - -
to the secondexcited state by successively emitting two photons of energies 2.4eV and 8.7eV respectively.
Find the values ofnand Z.

Find the binding energy of anelectron.in the ground state of a hydrogen like atom in whose spectrumthe
third of the correspanding Balmer series is equal to 108.5nm.

Which level of the doubly ionized lithium has the same energy asthe ground state energy of the hydrogen
atom,Find the ratio of the two radii of corresponding orbits.

D= O = N

.5 1.0 1.5 vyx10!5Hz

stopping potential (volt)
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The binding energies per nucleon for deuteron (;H?) and helium (,He?) are 1.1 MeV and 7.0 MeV
respectively. The energy released whentwo deuterons fuse to forma helium nucleus (,He*) is

Aradioactive decay counter is switched on at t = 0. A3 - active sample is present near the counter. The
counter registers the number of 8 - particles emitted by the sample. The counter registers 1 x 10°
B - particlesat t =36 sand 1.11 x 10° - particles at t = 108 s. Find T,, of this sample

An isotopes of Potassium fg K has a half life of 1.4 x 10° year and decays to Argon fg Ar which s stable.
Write down the nuclear reaction representing this decay.
A sample of rock taken from the moon contains both potassium and argon inthe ratio 1/7. Find age of
rock

Att =0, asample is placed in a reactor. An unstable nuclide is produced at a constant rate R in the
sample by neutron absorption. This nuclide p— decays with half life . Find the time required to produce
80% of the equilibrium quantity of this unstable nuclide.

Suppose that the Sun consists entirely of hydrogen atom and releases the energy by the nuclear reaction,

ko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone

41H — JHe with 26 MeV of energy released. If the total output power of the Sun is assumed to @

remain constant at 3.9 x 10% W, find the time it will take to burn all the hydrogen. Take the mass of the
Sunas 1.7 x 103 kg.
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Q.27 Assuming that the source of the energy of solar radiation is the energy of the formation of helium from

hydrogen according to the following cyclic reaction :
6Clz + 1H1 BN 7N13 BN 6Cls + +1eo
6ClB + 1Hl - 7N14

14 1 15 15 0
N¥+ H'— 0% — N®+ e

page 9

N15 + Hl - C12 + He4
Find how many tons of hydrogen must be converted every second into helium . The solar constant |s .
8 J/cm? min. Assume that hydrogen forms 35% of the sun's mass . Calculate in how many years this oo
hydrogen will be used up if the radiation of the sun is constant . m_ =5.49 x 10 amu, atomic masses °°
m,=1.00814 amu, m, =4.00388 amu, mass of the sun=2 x 10% kg, distance between the sun and the Q
earth 1.5x 10"m. 1 amu = 931 MeV.

Q.28 Anelectronofmass "m™ and charge "e" initially at rest gets accelerated by a constant electric field E. The
rate of change of DeBroglie wavelength of this electron at time tis.................

098930
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EXERCISE # 1l

Find the force exerted by a light beam of intensity 1, incident on a cylinder —
(height hand base radius R) placed ona smooth surface as shown infigure if: .
surface of cylinder is perfectly reflecting —
surface of cylinder is having reflection coefficient 0.8. (assume no —
transmission)

—N N
KSR

©
N

A small plate of ametal (work function =1.17 eV) is placed at a distance of 2m from a monochromatic
light source of wave length 4.8 x 10" mand power 1.0 watt. The light falls normally onthe plate. Find
the number of photons striking the metal plate per square meter per sec. If a constant uniform
magnetic field of strength 10~ tesla is applied parallel to the metal surface. Find the radius of the
largest circular path followed by the emitted photoelectrons.

©
w

Electrons in hydrogen like atoms (Z = 3) make transitions from the fifth to the fourth orbit & fromthe
fourth to the third orbit. The resulting radiations are incident normally on a metal plate & eject photo
electrons. The stopping potential for the photoelectrons ejected by the shorter wavelength is
3.95 volts. Calculate the work function of the metal, & the stopping potential for the photoelectrons
ejected by the longer wavelength. (Rydberg constant = 1.094 x 10’ m-1)

A beam of light has three wavelengths 4144A, 4972A & 6216 A with a total intensity of
3.6x10-2 W.m2 equally distributed amongst the three wavelengths. The beam falls normally on an area
1.0 cm? of a clean metallic surface of work function 2.3 eV. Assume that there is no loss of light by
reflection and that each energetically capable photon ejects one electron. Calculate the number of
photoelectrons liberated in two seconds.

O
~

eko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779,

FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com
O
|

Successful People Replace the words like; "wish", "try" & "should" with "I Will". Ineffective People don't.



FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com
Q.5  Monochromatic radiation of wavelength A, = 3000A falls on a photocell operating in saturating mode.
The corresponding spectral sensitivity of photocell is J = 4.8 x 10-3 A/w. When another monochromatic
radiation of wavelength ., = 1650A and power P =5 x 103 W is incident, it is found that maximum
velocity of photoelectrons increases n = 2 times. Assuming efficiency of photoelectron generation per
incident photon to be same for both the cases, calculate

()] threshold wavelength for the cell. (i) saturation current in second case. 5
—

Q.6 Amonochromatic point source S radiating wavelength 6000 A with A SC %
power 2 watt, an aperture Aof diameter 0.1 m & a large screen SC are =

placed as shown in figure . Aphotoemissive detector D of surfacearea S )

0.5 cm?is placed at the centre of the screen. The efficiency ofthe detector ~ ~ [\~~~ % b g

for the photoelectron generation per incident photon is 0.9. L %

()] Calculate the photon flux density at the centre of the screenand the 0.6 m o
le—— 6m 9

photocurrent in the detector . [ | 2

(i) Ifa concave lens L of focal length 0.6 mis inserted in the aperture as shown, find the new values of g

photon flux density & photocurrent Assume a uniform average transmission of 80% for the lens.
(iii) If the work-function of the photoemissive surface is 1 eV, calculate the values of the stopping potential in
the two cases (without & with the lens in the aperture).

Q.7  Asmall 10 W source of ultraviolet light of wavelength 99 nmis held at a distance 0.1 m from a metal
surface. The radius of an atom of the metal isapproximaterly 0.05 nm. Find :
()] the number of photons striking an atom per second.

(i) the number of photoelectrons emitted per second if the efficiency of liberation of photoelectrons is 1%.

Q.8 A neutron with kinetic energy 25 eV strikes a stationary deuteron. Find the de Broglie wavelengths of
both particles in the frame of their centre of mass.
Q.9  Two identical nonrelativistic particles move at right angles to each.other, possessing De Brogliewavelengths,

A, &, . Find the De Broglie wavelength of each particle in the frame of their centre of mass.

Q.10 Astationary He*ion emitteda photon.corresponding to the first line its Lyman series. That photon liberated a
photoelectron froma stationary hydrogen atomin the ground state. Find the velocity of the photoelectron.

Q.11 Agasofidentical hydrogen like atoms has some atoms in the lowest (ground) energy level A & some
atomsin a particular upper (excited) energy level B & there are no atoms inany other energy level. The
atoms of the gas make transition to a higher energy level by the absorbing monochromatic light of
photon energy 2.7eV. Subsequently, the atoms emit radiation of only six different photon energies. Some
of the emitted photons have energy 2.7 eV. Some have energy more and some have lessthan 2.7 eV.
Find the principal quantum number of the initially excited level B.

(i) Find the ionisation energy for the gas atoms.

(iii) Find the maximum and the minimum energies of the emitted photons.

IS
N

Q.12 Ahydrogenatominground state absorbs a photon of ultraviolet radiation of wavelength 50 nm. Assuming that
the entire photon energy is taken up by the electron, with what kinetic energy will the electron beejected ?

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0903903 7779,

Q.13 A monochromatic light source of frequency v illuminates a metallic surface and ejects photoelectrons.
The photoelectrons having maximum energy are just able to ionize the hydrogen atoms in ground state.
When the whole experiment is repeated with an incident radiation of frequency (5/6)v, the photoelectrons
so emitted are able to excite the hydrogen atom beam which then emits a radiation of wavelength of
1215 A.. Find the work function of the metal and the frequency v.
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Anenergy of 68.0 eV isrequired to excite ahydrogen like atom from its second Bohr orbit to the third. The
nuclear charge Ze. Find the value of Z, the kinetic energy of the electron in the first Bohr orbit and the
wavelength of the electro magnetic radiation required to eject the electron from the first Bohr orb to infinity.

A classical model for the hydrogen atom consists of a single electron of mass m, in circular motion of
radius r around the nucleus (proton). Since the electron is accelerated, the atom continuously radiates

electromagnetic waves. The total power P radiated by the atom is given by P = P, / r* where
6
e

P 7 (C = velocity of light)

0 961, °Com,
Find the total energy of the atom.

Calculate an expression for the radius r (t) asa function of time. Assume that at t = 0, the radiusis r, = 10°m.
Hence or otherwise find the time t, when the atom collapses in a classical model of the hydrogen atom.

2
2 & 1o <3x10%m
\/§47c80 m.C

Take : {

Simplified picture of electron energy levels ina certain atom is shown in the
figure. The atom is bombarded with high energy electrons. The impact of
one of these electron has caused the complete removal of K-level is filled
by an electron fromthe L-level with a certain amountof energy being released
during the transition. This energy may appear as X-ray or may all be used
to eject an M-level electron from the atom. Find: f3x102]
the minimum potential difference through which electron may be accelerated from rest to cause the
ejectrionof K-level electron fromthe atom.

energy released when L-level electron moves to fill the vacancy in the K-level.

wavelength of the X-ray emitted. (v)  KE. oftheelectron emitted from the M-level.

—3x10-17j$ —— M
-3x10-16J¢ ———— L

K

U238 and U235 occur in nature in an atomic ratio 140 : 1. Assuming that at the time ofearth’s formation
the two isotopes were present in equal amounts. Calculate the age of the earth.
(Half life of u238 = 4.5 x 10° yrs & that of U?3% =7.13 x 108 yrs)

The kinetic energy-of an o — particle which flies out of the nucleus of a Ra??® atom in radioactive
disintegration is 4.78 MeV. Find the total energy evolved during the escape of the a.—particle.

A small bottle contains powdered berylliumBe & gaseous radonwhich is used as a source of a—particles.
Neutrons are produced when o—particles ofthe radon react with beryllium. The yield of this reaction is (1/4000)
i.e. only one o—particle out of 4000 induces the reaction. Find the amount of radon (Rr?22) originally introduced
into the source, ifit produces 1.2 x 10° neutrons per second after 7.6 days. [T, 0of R, =3.8 days]

An experiment is done to determine the half— life of radioactive substance that emits one p—particle
for each decay process. Measurement show that an average of 8.4 3 are emitted each second by
2.5 mg of the substance. The atomic weight of the substance is 230. Find the halflife of the substance.

When thermal neutrons (negligible kinetic energy) are used to induce the reaction ;

©B +in—— ILi + 4He. o — particles are emitted with an energy of 1.83 MeV.
Given the masses of boron neutron & He*as10.01167, 1.00894 & 4.00386 u respectively. What is
the mass of / Li ? Assume that particles are free to move after the collision.
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In a fusion reactor the reaction occurs intwo stages :
Two deuterium (fD) nucleifuse to forma tritium (i”T)nucIeus with a proton as product. The reaction
may be represented as D (D, p) T.

A tritium nucleus fuses with another deuterium nucleus to forma helium (‘2‘ He) nucleus with neutron as
another product. The reaction is represented as T(D, n) o. Find :

[qV}

The energy release in each stage . o

The energy release in the combined reaction per deuterium & <
What % of the mass of the initial deuterium is released in the form of energy.

Given: (?D)=2.014102u ;  (3T)=3.016049u ;  (iHe)=4.002603u ; o

(o0}

(p)=100785 u ;  (in)=1.008665u i

&

(o))

Awooden piece of great antiquity weighs 50 gmand shows C* activity of 320 disintegrations per minute. &

o

Estimate the length of the time which has elapsed since this wood was part of living tree, assumingthat living
plants show a C1# activity of 12 disintegrations per minute per gm. The half life of C14 is 5730 yrs.

Show that in a nuclear reaction where the outgoing particle is scattered at an angle of 90° with the
direction of the bombarding particle, the Q-value is expressed as

m m
Q = KP (1+M—(P)} — KI (l-l_M_(l)}

Where, | =.incoming particle, P = product nucleus, T =target nucleus, O = outgoing particle.

When Lithium is bombarded by 10MeV deutrons, neutrons are observed to emerge at right angle to the
direction of incident beam. Calculate the energy of these neutrons and energy and angle of recoil ofthe
associated Beryllium atom. Given.that = m (,nt) = 1.00893 amu ;' m (5Li’) = 7.01784 amu ;
m (;H?) =2.01472 amu ; and m (,Be®) = 8.00776.amu.

K. Sir), Bhopal Phone : 0 903 903 7779,

A body of mass mj is placed on a smooth horizontal surface. The mass of the body is decreasing
exponentiallywith disintegration constant A. Assuming that the mass is ejected backward with a relative _ :
velocity v. Initially the body was at rest. Find the velocity of body after time t.

R

ariya (S

A radionuclide with disintegration constant A is produced in a reactor at a constant rate o. nuclei per sec. x
During each decay energy E, is released. 20% ofthis energy is utilised in increasing the temperature of
water. Find the increase in temperature of m mass of water in time t. Specific heat of water is S. Assume &
that there is no loss of energy through water surface.

Teko Classes, Maths : Suh
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EXERCISE # 111

A neutron of kinetic energy 65 eV collides inelastically with a singly ionized helium atomat rest . It is
scattered at an angle of 90° with respect of its original direction.

i) Find the allowed values ofthe energy of the neutron & that of the atom after collision.

Ifthe atom gets de-excited subsequently by emitting radiation, find the frequencies of the emitted radiation. .,
(Given : Mass of he atom = 4x(mass of neutron), ionization energy of Hatom=13.6 eV) [JEE'93] é)

A hydrogen like atom (atomic number Z) is in a higher excited state of quantum number n. This excited 8

atom can make a transition to the first excited state by successively emitting two photons of energies

10.20 eV & 17.00 eV respectively. Alternatively, the atom from the same excited state can make a g
transition to the second excited state by successively emitting two photons of energies 4.25eV &5.95eV &
respectively. Determine the values of n & Z. (lonisation energy of hydrogen atom=13.6 eV) [JEE’94] g

O
[EY

k=]
=

©
N

©
w

Select the correct alternative(s) :
When photons of energy 4.25 eV strike the surface of a metal A, the ejected photo electrons have 5
maximum Kinetic energy T eV and de- Broglie wave lengthy ,. The maximum Kinetic energy of photo o
electrons liberated from another metal B by photons of energy 4.70eV is T, = (T, - 1.50) eV. If the
de-Broglie wave length of these photo electrons is y; =2y,, then:

(A) the work function of Ais 2.225 eV (B) the work function of B is 4.20 eV
(C) T,=2.00eV (D) T;=2.75eV [JEE’94]

9893

In a photo electriceffect set-up, a point source of light of power 3.2 x 10:3W emits mono energetic
photons of energy 5.0.eV. The source is located at a distance 0of 0.8 m from the centre of a stationary
metallic sphere of work function 3.0eV & of radius 8.0 % 103m . The efficiency of photo electrons
emission is one for every 10° incident photons. Assume that the sphere is isolated and initially neutral,
and that photo electrons areinstantly swept away after emission.

O
~

(@) Calculate the number of photo electrons emitted per second:

(b) Find the ratio of the wavelength of incident light to the De - Broglie wave length of the fastest photo
electrons emitted.

() It is observed that the photo electron emission stops at a certain time t after the light source is switched
on. Why ?

d) Evaluate the time t. [JEE’95]

Q.5 An energyof24.6 eV is required to remove one of the electrons froma neutral helium atom. The
energy (IneV) required to remove both the electrons forma neutral helium atomiis :
(A) 38.2 (B) 49.2 (C) 51.8 (D) 79.0 [JEE’95]

Q.6 An electron, in a hydrogen like atom, is in an excited state . It has a total energy of—3.4 eV.
Calculate: (i) The kinetic energy & (ii) The De- Broglie wave length of the electron.  [JEE 96]

Q.7  An electron in the ground state of hydrogen atoms is revolving in f ?
anti-clockwise directionina circular orbit of radius R. 200

()] Obtain an expression for the orbital magnetic dipole moment of the electron.

(i) The atomis placed in a uniform magnetic induction, such that the plane normal
to the electron orbit make an angle of 30° with the magnetic induction. Find
the torque experienced by the orbiting electron. [JEE'96]

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 777
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A potential difference of 20 KV is applied across an x-ray tube. The minimum wave length of X - rays
generated is : [JEE'96]
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Q.9(i) As per Bohr model, the minimum energy (in €V) required to remove an electron from the ground state

=
=

Q.10(i) The work function of a substance is4.0 eV . The longest wavelength of light that can cause photoelectron

(i)

Q.11

Q.12

Q.13(a) Imagine an atom made up of a proton and.a hypothetical particle of double the mass of the electron but

(b)

Q.14(a) A hydrogen - like atom of atomic number Z is in anexcited state of quantum number 2n. It can emit

(b)

of doubly ionized Liatom (Z=3) is
(A)1.51 (B) 13.6 (C) 40.8 (D) 122.4

Assume that the de-Broglie wave associated with an electron can form a standing wave between the
atoms arranged in a one dimensional array with nodes at each of the atomic sites. It is found that one
such standing wave is formed if the distance 'd' between the atoms of the array is 2 A. A similar standing =
wave is again formed if 'd' is increased to 2.5 A but not for any intermediate value of d. Find the
energy of the electrons in electron volts and the least value of d for which the standing wave of the type
described above can form. [JEE'97]

page 1

emission from this substance is approximately :
(A) 540 nm (B) 400 nm (C) 310 nm (D) 220 nm

The electron in a hydrogen atom makes a transition n, — n,, where n, & n, are the principal quantum
numbers of the two states . Assume the Bohr model to be valid . The time period of the electron in the
initial state is eight times that in the final state . The possible values of n, & n, are

(A)n =4,n,=2 (B) n,=8,n,=2

(C) n,=8,n,=1 (D) n,=6,n,=3 [JEE "98]

0 98930 58881.

A particle of mass M at rest decays into two particles of masses m, and m,, having non-zero velocities.
The ratio of the de-Broglie wavelengths of the particles, A,/ 1, is
(A) m,/m, (B) m,/m, (C)1.0 (D)Nm,/Nm, [JEE "99]

Photoelectrons are emitted when 400 nm radiation is incident on a surface of work function 1.9eV.
These photoelectrons pass througharegion containing a-particles. Amaximum energy electron combines
with.an a-particle to form a He* ion, emitting a single photon in‘this process. He* ions thus formed are
in their fourth excited state. Find the energies in eV of the photons, lying inthe 2 to4eV range, that are
likely to be emitted during and after the combination. [Take ,.h = 4.14x.101° eV-s] [JEE "99]

Sir), Bhopal Phone : 0 903 903 7779,

having the same charge as the electron. Applythe Bohr atom model and consider all possible transitions
of this hypothetical particle to thefirst excited level. The longest wavelength photon that will beemitted
has wavelength A (given.interms of the Rydberg constant R for the hydrogen atom) equal to

(A) 9/(5R) (B) 36/(5R) (C) 18/(5R) (D)4/R  [JEE’ 2000 (Scr)] ©

The electron in a hydrogen atom makes a transition from an excited state to the ground state. Which of
the following statements is true?

(A) Its kinetic energy increases and its potential and total energies decrease.

(B) Its kinetic energy decreases, potential energy increases and its total energy remains the same.

(C) Its kinetic and total energies decrease and its potential energy increases.

(D) Its kinetic, potential and total energies decrease. [JEE’ 2000 (Scr)]

a maximum energy photon of 204 eV. If it makes a transition to quantum state n, a photon of energy
40.8 eV is emitted. Find n, Z and the ground state energy (in eV) for this atom. Also, calculate the
minimum energy (in eV) that can be emitted by this atom during de-excitation. Ground state energy of
hydrogen atomis—13.6 eV. [JEE'2000]

When a beam of 10.6 eV photon of intensity 2 W/n¥ falls on a platinum surface of area 1 x 10* m? and
work function 5.6 ev, 0.53% of the incident photons eject photoelectrons. Find the number of
photoelectrons emitted per sec and their minimum and maximum energies in eV. [JEE' 2000]

Teko Classes, Maths : Suhag R. Kariya (S.
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Q.24(i) Fast neutrons can easily be slowed down by :

The potential difference applied to an X - ray tube is 5 kV and the current through it is 3.2 mA. Then the
number of electrons striking the target per second is [JEE' 2002 (Scr.)]
(A) 2 x 1016 (B) 5 x 1016 (C) 1 x 10%/ (D) 4 x 10%°

A Hydrogen atomand Li** ion are both in the second excited state. Ifl ,and | ; are their respective
electronic angular momenta, and E,, and E, ; their respective energies, then

(A)1,>1; and |[E_ | > |E | (B) I, =1 and |E | <[E| =
C) 1, =1, and |E_|>[E | (D) 1,<I1;and|E |<|E;| [JEE 2002 (Scr)] o
A hydrogen like atom (described by the Bohr model) is observed to emit six wavelengths, originating 8
fromall possible transition between a group of levels. These levels have energies between—0.85 eV and

—0.544 eV (including both these values) 8
Find the atomic number of the atom. 9
Calculate the smallest wavelength emitted in these transitions. [JEE'2002] g
Two metallic plates Aand B each ofarea 5 x 104 m?, are placed at a separation of 1 cm. Plate B carries %

a positive charge of 33.7 x 10-12 C. A monochromatic beam of light, with photons of energy 5 eV each, g
starts falling on plate A at t =0 so that 10 photons fall on it per square meter per second. Assume that
one photoelectronis emitted for every 10° incident photons. Also assume that all the emitted photoelectrons &
are collected by plate B and the work function of plate Aremains constant at the value 2 eV. Determine N
the number of photoelectrons emitted up to t = 10 sec.

the magnitude of the electric field between the plates Aand Batt =10 s and

the kinetic energy of the most energetic photoelectron emitted at t = 10 s when.it-reaches plate B.
(Neglect the timetaken by photoelectron to reach plate B) [JEE'2002]

The attractive potential for an atom is given by v= v, In(r/r ), v, and r,, are constant and r is the radius

of the orbit. The radius r of then®™ Bohr's-arbit depends upon principal quantum number nas:
(A)Tocn (B)/r oc 1in? (C)rocn? (D) r oc 1/n
[JEE"2003 (Scr)]

Frequency ofa photon emitted due to transition of electron.of a certain elemrnt from L to K shell is
found to be 4.2 x 1018 Hz. Using Moseley’s law, find the atomic number of the element, given that the
Rydberg's constant R = 1.1 x 10" m™, [JEE' 2003]

In a photoelctric experiment set up, photons of energy 5 eV falls onthe cathode having work function 3 eV.
If the saturation current is i, = 4uA for intensity 10-> W/m?, then plot a graph between anode potential
and current.

Also draw a graph for intensity of incident radiation of 2 x 10-°> W/m? ? [JEE'2003]

A star initially has 10%° deutrons. It produces energy via, the processes ;H? + ;H? — H3 + p
& (H? +,H? — ,He*+n. Ifthe average power radiated by the star is 101® W, the deuteron supply of
the star is exhausted in a time of the order of : [JEE "93]

(A) 106 sec (B) 108 sec (C) 10%2 sec (D) 10%6 sec

A small quantity of solution containing 2*Na radionuclide (half life 15 hours) of activity 1.0 microcurie
is injected into the blood of a person. A sample of the blood of volume 1 cm? taken after 5 hours
shows an activity of 296 disintegrations per minute. Determine the total volume of blood in the body of
the person. Assume that the radioactive solution mixes uniformly in the blood of the person.
(1 Curie = 3.7 x 100 disintegrations per second ) [JEE’94]

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903

(A) the use of lead shielding (B) passing them through water
(C) elastic collisions with heavy nuclei (D) applying a strong electric field
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Consider a.—particles, 3 —particles & y rays, eachhaving an energy of 0.5 MeV . Increasing order

of penetrating powers, the radiations are : [JEE’94]
(A)a,B,y (B) a,v.B ©C)B.v, o DO)y.B,a
Which of the following statement(s) is (are) correct ? [JEE'94]

(A) The rest mass of a stable nucleus is less than the sum of the rest masses of its separated nucleons.
(B) The rest mass of a stable nucleus is greater than the sum of the rest masses of its separated nucleons.
(C) Innuclear fusion, energy is released by fusion two nuclei of medium mass (approximately 100 anmu).
(D) Innuclear fission, energy is released by fragmentation of a very heavy nucleus.

Q.26 The binding energy per nucleon of 60 is 7.97 MeV & that of 1O is 7.75 MeV . The energy in MeV

required to remove a neutron from 0 s : [JEE’95]
(A) 3.52 (B) 3.64 (C) 4.23 (D) 7.86

Q.27 Atagiveninstant there are 25% undecayed radio —active nuclei in a sample. After 10 sec the number

IS
N

(i)

of undecayed nuclei remains to 12.5 % . Calculate : [JEE 96]
mean — life of the nuclei and
The time in which the number of undecayed nuclear will further reduce to 6.25 % of the reduced number.

Q.28 Consider the following reaction ; 2H, +2H; =“He, +Q . [JEE 96]
Mass of the deuteriumatom=2.0141u ; Mass of the helium atom= 4.0024 u
This isa nuclear reaction in which the energy Q is released is MeV.

Q.29(a) The maximum Kinetic energy of photoelectrons emitted froma surface when photons ofenergy 6 eV

(b)

~—
O
N

fallonitis 4 eV. The stopping potential in Volts is :
(A) 2 (B) 4 (C) 6 (D) 10

In thefollowing, column I lists some physical quantities & the column 11 gives approx. energy values
associated with some of them. Choose the appropriate value of energy from column LI for each of the
physical quantities incolumn I and write the corresponding letter A, B, C etc. against the number (i),
(i), (i), etc. of the physical quantity inthe answer book. In your answer, the sequence of column |
should be maintained .

Column | Columnl
(] Energy of thermal neutrons (A)0.025eV
(i) Energy of X—rays (B)0.5eV
(iii) Bindingenergy per nucleon (C)3eVv
(v)  Photoelectric threshold of metal (D) 20 eV
(E) 10 keV
(F) 8 MeV

The element Curium Z;g Cm has a mean life of 1013 seconds. Its primary decay modes are spontaneous

fission and a. decay, the former with a probability of 8% and the latter with a probability of 92%. Each
fission releases 200 MeV of energy . The masses involved in o decay are as follows :
2e5Cm=248.072220u,%;, Pu=244.064100u& ;He =4.002603u.

' 94
Calculate the power output from a sample of 1020 Cmatoms. (Iu= 931 MeV/c?) [JEE'97]

Q.30 Select the correct alternative(s) . [JEE '98]

IS
N

(i)

Let m, be the mass of a proton, m, the mass of a neutron, M, the mass of a i5Ne nucleus & M, the
mass of a 30Ca nucleus. Then :
(A) M,=2M, (B) M,>2M, (C) M, <2 M, (D) M, <10 (m, +m)

The half - life of 1311 is 8 days. Given a sample of 1311 at time t =0, we can assert that :
(A) no nucleus will decay before t=4days  (B) no nucleus will decay before t = 8 days
(C) all nuclei will decay before t = 16 days (D) a given nucleus may decay at any time aftert =0.
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Q.31

Nuclei of a radioactive element A are being produced at a constant rate o. . The element has a decay
constant A . Attime t =0, there are N, nuclei of the element.

(@) Calculate the number N of nuclei of A at timet .
(b) If a=2NA, calculate the number of nuclei of A after one halflife of A &also the limiting value of N as t—oo.
i} [JEE '98]
Q.32(a) Binding energy per nucleon vs. mass number curve for : B v~
nuclei is shown in the figure. W, X, Y and Z are four E @
nuclei indicated on the curve. The process that would 2= . <
release energy is £
(A)Y - 2Z B)W - X+Z - 4
(C)W > 2Y (D)X —> Y+Z 000 % B
Mass Number of Nuclei %
(b)  Order of magnitude of density of Uranium nucleus is, [m, =1.67 x 10-2" kg] o
(A) 10%° kg/m3 (B) 10'7kg/m3 (C) 10%%*kg/m?3 (D) 10*kg/m? 2
(e}
() 22Ne nucleus, after absorbing energy, decays into two a—particles and an unknown nucleus. The unknown g

(d)

Q.33

Q.34

O
w
a1

Q.36

Q.37

Q.38

Q.39
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nucleus is
(A) nitrogen (B) carbon (C) boron (D) oxygen

Which of the following is a correct statement?

(A) Beta rays are same as cathode rays

(B) Gamma rays are-high-energy neutrons.

(C) Alpha particles are singly ionized heliumatoms
(D) Protons and'neutrons have exactly the same mass
(E) None

The half-life period of a radioactive element X is same as the mean-life time of another radioactive
element Y. Initially both of them havethe same number of atoms. Then

(A) X &Y have the same decay rate initially . (B) X & Y.decay atthe same rate always

(C)" Y will decay at a faster rate than X (D) X willdecay at a faster rate than Y- [JEE '99] &

Two radioactive materials X; and X, have decay constants 101 and.A respectively. If initially they have the &
same number of nuclei, then the ratio of the number of nuclei of X, to that of X, willbe 1/e afteratime  x

Bhopal Phone : 0 903 903 7779,

ir)

(A) 1/(100) (B) 1/(11) (C) 11/(10%) (D) 1/(91) [JEE'2000 (Scr)] n::
The electron emitted in beta radiation originates from [JEE’2001(Scr)] %
(A) inner orbits of atoms (B) free electrons existing in nuclei 2>
(C) decay of a neutron ina nucleus (D) photon escaping from the nucleus &
The half - life of 215At is 100 ps. The time taken for the radioactivity of a sample of 215At to decay to &
1/16™ of its initial value is [JEE 2002 (Scr)] g
(A) 400 ps (B) 6.3 us (C) 40 ps (D) 300 ps a
Which of the following processes represents a gamma - decay? [JEE 2002 (Scr)] 2
(A)AX,+y —>AX, _,+a+h (B)AX, +Iny —> A3X, ,+c¢ T
(C)AX, ——AX, +f (D) AX, +e, —>AX,_,+g =
(%))
The volume and mass of a nucleus are related as [JEE 2003 (Scr)] §
(A)veem (B)vec 1/m (C)vocm? (D) v oc 1/m? 8
The nucleus of element X (A= 220) undergoes a-decay. If Q-value of the reactionis 5.5 MeV, then the 2
kinetic energy of a-particle is : [JEE 2003 (Scr)] 2
(A) 5.4 MeV (B) 10.8 MeV (C) 2.7 MeV (D) None
A radioactive sample emits n 3-particles in 2 sec. In next 2 sec it emits 0.75 n 3-particles, what is the
mean life of the sample? [JEE 2003]
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The wavelength of K , X-ray ofan element having atomic number z = 11is . . The wavelengthof K
X-ray of another element of atomic number z'is4A. Then z'is
(A)11 (B) 44 (©)6 (D)4 [JEE'2005 (Scr)]

A photon of 10.2 eV energy collides with a hydrogen atom in ground state inelastically. After few
microseconds one more photon of energy 15 eV collides with the same hydrogen atom.Then what can

be detected by a suitable detector. o
(A) one photon 0f 10.2 eV and an electron of energy 1.4 eV o
(B) 2 photons of energy 10.2 eV s
(C) 2 photons of energy 3.4 eV
(D) 1 photon of 3.4 eV and one electron of 1.4 eV [JEE' 2005 (Scn)] 8
Helium nuclie combines to form an oxygen nucleus. The binding energy per nucleon of oxygen nucleus is %
if m, = 15.834 amu and m,,, =4.0026 amu =
(A) 10.24 MeV (B) 0 MeV (C) 5.24 MeV (D) 4 MeV o
[JEE' 2005 (Scr)] g

The potential energy of a particle of mass m is given by

o

E, 0<x<1 N

= 0 N~

V) {0 x>1 } o

A, and X, are the de-Broglie wavelengths of the particle, when 0 <x < 1and x > 1 respectively. If the §
total energy of particle is 2E;, find A, /A, [JEE2005] g
o

Highly energeticelectrons are bombarded onatarget of an element-containing 30 neutrons. The ratioof -
radii of nucleus to that of helium nucleus is (14)'3. Find
atomic number of the nucleus
the frequency of K_ line of the X-ray produced. (R = 1.1x 10“m-t and ¢ = 3 x 108 m/s)

[JEE 2005]
Given asample of Radium-226 having half-life of 4 days. Find the probability, a nucleus disintegrates
within 2 half lives.
(A1 (B)1/2 (C) 3/4 (D) 1/4 [JEE 2006]

The graph between 1/A and stopping potential (V) of three metals 4
having work functions ¢, ¢, and ¢, in an experiment of photo- metal 1 metal 2 metal 3
electric effect is plotted as shown in the figure. Which of the
following statement(s) is/are correct? [Here A

is the wavelength of the incident ray]. b

(A) Ratio of work functions ¢, : ¢, : ¢, =1:2:4 0.001 0.002 0.004 1/%7 nm-!
(B) Ratio of work functions ¢, : ¢, :p;=4:2:1

(C) tan 6 is directly proportional to hc/e, where h is Planck’s constant and c is the speed of light
(D) The violet colour light can eject photoelectrons from metals 2 and 3. [JEE 2006]

In hydrogen-like atom (z = 11), n'" line of Lyman series has wavelength A equal to the de-Broglie’s
wavelength of electron in the level from which it originated. What is the value of n? [JEE 2006]

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone

Match the following Columns [JEE 2006]
Column1 Column 2

(A) Nuclear fusion (P) Converts some matter into energy

(B) Nuclear fission (Q) Generally occurs for nuclei with low atomic number

(C) p-decay (R) Generally occurs for nuclei with higher atomic number

(D) Exothermic nuclear reaction (S) Essentially proceeds by weak nuclear forces
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ANSWER KEY
EXERCISE # |

Q.1 885 Q.2 (a) 2.25eV, (b) 4.2eV, (c) 2.0eV, 0.5eV Q.3 (a)0.6volt, (b) 2.0 A
Q.4  whenthe potential is steady, photo electric emission just stop whenhv = (3 + 1)eV =4.0eV
Q5 576x10°MA Q.6 15/8V Q.7 487.06nm Q.8 4.26m/s, 13.2eV

MA
Q9 7:36 Q.10 22.8nm Qi 2 Q.12 18/(5R)

A +As

5 10%
Q.13 1.257x 102 Am? Q.14 2.48x101?m Q.15 16 80n Q.16 2eV,6.53 x 10%4J-s

T
h

Q.17 5 Q.18 (i)5,16.5¢eV, 36.4A,340¢eV, —680¢eV, Py 1.06 x 101 'm
Q.19 z=3,n=7 Q.20 54.4eV Q.21 n=3,3:1 Q.22 23.6MeV

Q.23 (T,,, =10.8sec) Q.24 (i) {IK —> M Ar+, e+ v (ii) 4.2 x 10° years
1/2 19 18 +1

In5
Q.25 t= (W]T Q.26 8/3x10"® sec Q.27 1.14 x 10" sec Q.28 —h/eEt?
EXERCISE # 11
38IRN
Q1 8IhR/BC ~y5¢ Q.2 4.8x10%, 4.0 cm Q:3 1.99eV, 0.760 V
Q.4 1.1 x10%2 Q.5i).4125A, (ii) 13.2 pA
Q.6 (i) 1.33 x 10 photons/m?—s’; 0.096 pA (i) 2.956 x 10% photons/m?s ; 0.0213 pA (iii) 1.06 volt
Q.7 < (i) 5/16 photon/sec, (ii) 5/1600 electrons/sec Q8  Agutron = Mettron = 86 PM
2M Ay
-\ @ v 6 : 2 —-197 - (i3}
Q9 A= /Mz”bzz Q.10 3.1x10°mfls. Q.11 (i) 2;(ii) 23.04 x10™J; (i) 4 >1 ,4—>3
Q.12 11.24eV Q.13 6.8eV, 5x10% Hz Q.14 489.6 eV, 25.28 A

L e , \U/3

Q.15 (i)- EGT (ii) fo(l— 3?;; t} , (iii) 10710 xlé)—lo sec

Q.16 (i) 1.875 x 10*V, (ii) 2.7 x 105 J, (iii) 0.737 A, (iv) 2.67 x 105 ]

Q.17 6.04 x 10°yrs Q.18 4.87 MeV Q.19 33x10°%g

Q.20 1.7 x 100 years Q.21 7.01366 amu

Q.22 (a) 4MeV,17.6 (b) 7.2 MeV (c) 0.384% Q.23 5196yrs

Q.25 Energy of neutron =19.768 MeV ; Energy of Beryllium =5.0007 MeV;
Angle of recoil = tan1(1.034) or 46°

O.ZEO[at—z(l—e_“)}

mS

Q.26 v=ult Q.27 AT =
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Q.12 during combination = 3.365 eV; after combination =3.88eV (56— 3) & 2.63eV (4 > 3)
Q.13(a)C, (b)A
Q.14 (@) n=2,z=4;GS.E. - 217.6 eV; Min. energy = 10.58 eV; (b) 6.25x10 per sec, 0, 5 eV

C Q.27 (i) t,,= 10sec.,t

means

= 14.43 s~ (i1) 40 seconds

Fusion;24 Q.29 (a)B,(b) (i) —A(ii) — E, (iii)~F, (iv)= C, (¢) = 33.298 uW

() C,D (i)'D Q31 (a) N:%[oc (12e)eAN,e™] (b) % 2N,

(@ C ;() Bi;(c) B;(dE;(e) C

C Q.35 A Q36 C
A Q.39 1.75n=Ny(1-e), 6.95sec,i4
In[]
3
A Q42 A Q.43 2
C Q.46 AC Q.47 n=24

(A)P,Q;(B)PR;(C)S,P;(D)P,Q,R

Q33 D
Q37 A

Q.40 C

Q.44 v=1.546x 10¥ Hz

EXERCISE # |11
Q.1 (i) Allowed values of energy of neutron = 6.36 eV and 0.312 eV ; Allowed values of energy of He atom
=17.84 eV and 16.328 eV, (ii) 18.23 x 10 Hz, 9.846 x 10'° Hz , 11.6 x 10% Hz

Q2 n=6,2=3 Q.3 B,C Q.4 (a) 10°s7t;(b) 286.18;(d) 111 s

5 D 6 (i) KE=3.4eV, (i) . = 6.66 A 7 ey B
Q Q6  ()KE=34eV,(i)1=6. Q7 () o ()5 —
Q.8 0.61A Q.9 (i)D, (i) KE=151eV,d,,, =05A
Q.10 (i) C (i) A,D Q11 C

Q.15 A Q.16 B Q.173,4052.3nm  Q.185x107, 2000N/C, 23 eV
1
WA A s e
LTIV g
A Q.20 z=42 Q.21 105 Wi
-2V Vp
C Q23" 6litre Q.24-(i) B, (ii) A Q25 A,D
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