Modern Physics - Questions

Ql

A single electron orbits around a stationary nucleus of charge + Ze. Where Z is is a constant and e is the
magnitude of the electronic charge. It requires 47.2 eV to excite the electron from the second Bohr orbit
to the third Bohr orbit. (IIT JEE 1981 — 10 MARKS)

Find
The value of Z.
The energy required to excite the electron from the third to the fourth Bohr orbit.

The wavelength of the electromagnetic radiation required to remove the electron from the first Bohr
orbit to infinity.

The kinetic energy, potential energy, potential energy and the angular momentum of the electron in the
first Bohr orbit.

The radius of the first Bohr orbit.

(The ionization energy of hydrogen atom = 13.6 eV, Bohr radius = 5.3 x 10" metre, velocity of light = 3 x
10® m / sec. Planck’s constant = 6.6 x 10** joules — sec)

Q2

Hydrogen atom in its ground is excited by means of monochromatic radiation of wavelength 975 A. How
many different lines are possible in the resulting spectrum ? Calculate the longest wavelength amongst
them. You may assume the ionization energy for hydrogen atom as 13.6 eV.

(IIT JEE 1982 — 5 Marks)

Q3.

How many electron, protons and neutrons are there in a nucleus of atomic number 11 and mass humber
247 (IIT JEE1982 — 2 Marks)

(i) number of electrons =
(ii) number of protons =

(iii) number of neutrons =

Qa

A uranium nucleus (atomic number 92, mass number 238 ) emits an alpha particle and the resultant
nucleus emits [8 — particle. What are the atomic number and mass number of the final nucleus.
(IIT JEE 1982 — 2 Marks)



(i) Atomic number =

(ii) Mass number =

Qs.

Ultraviolet light of wavelengths 800 A when allowed to fall on hydrogen atoms in their ground state is
found to liberate electrons with kinetic energy 1.8 eV and 4.0 eV respectively. Find the value of Planck’s
constant. (IIT JEE1983 — 4 Marks)

Qeé6.

The ionization energy of a hydrogen like Bohr atoms is 4 Rydbergs. (i) What is the wavelength of the
radiation emitted when the electrons jumps from the first excited state to the ground state ? (ii) What is
the radius of the first orbit for this atom ? (IT JEE1984 - 4 Marks)

Q7

A double ionized Lithium atom is hydrogen-like with atomic number 3.
(IT JEE1985 - 6 Marks)

(i) Find the wavelength of the radiation required to excite the electron in Li** form the first to the third
Bohr orbit. (lonization energy of the hydrogen atom equals 13.6 eV.)

(ii) How many spectral lines are observed in the emission spectrum of the above excited system ?

Qs.

There is a stream of neutrons with a kinetic energy of 0.0327 eV. If the half life of neutrons is 700
seconds, what fraction of neutrons will decay before they travel a distance of 10 m ?
(IT JEE 1986 — 6 Marks)

Qo.

A triode has plate characteristics in the form of parallel lines in the region of our interest. At a grid
voltage of — | volt the anode current — | (In milli amperes ) is given in terms of plate voltage V ( in volts)
by the algebraic relation.

=0.125V-75

For grid voltage of — 3 volts, the current at anode voltage of 300 volts is 5 milliampere. Determine the
plate resistance (r,), transconductance (g.,) and the amplification factor () for the triode.
(IIT JEE 1987 — 7 MARKS)

Q1io.

A particle of charge equal to that of an electron, - e, and mass 208 times the mass of the electron (called
a mu -meson) moves in a circular orbit around a nucleus of charge + 3e. (Take the mass of the nucleus to
be infinite). Assuming that the Bohr model of the atom is applicable to this system.



(II'T JEE 1988 — 6 MARKS)
Derive an expression for the radius of the nth Bohr orbit.

Find the value, of n for which the radius of the orbit is approximately the same as that of the first Bohr
orbit for the hydrogen atom.

Find the wavelength of the radiation emitted when the mu-meson jumps from the third orbit of the first
orbit.

Qiil

A beam of light has three wavelengths 4144 A, 4972 A and 6216 A with a total intensity of 3.6 x 103 W
m-2 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 on electron. Calculate the number of photo
electrons liberated in two seconds. (IT JEE 1989 — 8 MARKS)

Qil2

A gas of identical hydrogen-like atoms has some atoms in the lowest (ground) energy level A and some
atoms in a particular upper (excited) energy level B and there are no atoms in any other energy level.
The atoms of the gas make transition to a higher energy level absorbing monochromatic light of photon
energy 2.7 eV. 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 less than 2.7 eV.

(IT JEE 1989 — 8 MARKS)

(i) Find the principal quantum number of the initially excited level B.
(ii) Find the ionization energy for the gas atoms.

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

Qi3

Electrons in hydrogen like atom (Z = 3) make transitions from the fifth to the fourth orbit and from the
fourth to the third orbit. The resulting radiations are incident normally on a metal plate and eject
photoelectrons. The stopping potential for the photoelectrons ejected by the shorter wavelength is 3.95
volts. Calculate the work function of the metal and the stopping potential for the photoelectrons ejected
by the longer wavelength. (IIT JEE 1990 — 7 MARKS)

(Rydberg constant =1.094 x 10’ m™)

Q 14 .1t is proposed to use the nuclear fusion reaction

i H + i H—s ‘;' He (IIT JEE 1990 - 8 MARKS)



in a nuclear reactor of 200 MW rating. If the energy from the above reaction is used with a 25 per cent

efficiency in the reactor, how many grams of deuterium fuel will be needed per day. (The masses of iH

and g He are 2.0141 atomic mass units and 4.0026 atoms mass units respectively)

QiS5

A monochromatic point source radiating wavelength 6000 PD;, with power 2 watt, an aperture A of
diameter 0.1 m and a large screen SC are placed as shown in fig. A photo emissive detector D of surface
area 0.5 cm’ is placed at the centre of the screen. The efficiency of the detector for the photoelectron
generation per incident photon is 0.9. (IIT JEE 1991 — 2 + 4 + 2 MARKS)

SC

.. ' - GIm ’ >
Calculate the photon flux at the centre of the screen and the photocurrent in the detector.

If the concave lens L of focal length 0.6 m is inserted | the aperture as shown, find the new values of
photon flux and photocurrent. Assume a uniform average transmission of 80% from the lens.

If the work function of the photoemissive surface is 1 eV. Calculate the values of the stopping. Potential
in the two cases (without and with the lens in the aperture).

Q1i6.

A nucleus X, initially at rest, undergoes alpha decay according to the equation,

;‘é X — 228 Y+ (IT JEE 1991 — 4 + 4 MARKS)

Find the values of A and Z in the above proves.

The alpha particle produced in the above process is found to move in a circular track of radius 0.11 m in
a uniform magnetic field of 3 Tesla. Find the energy (In MeV) released during the process and the
binding energy of the parent nucleus X.

Given that : m(Y) =228 .03 u; m (én) =1.009 u.

m (g He)=4.003 u; m (iH) =1.008 u



Qil7.

Light from a discharge tube containing hydrogen atoms falls on the surface of a piece of sodium. The
kinetic energy of the fastest photoelectrons emitted from sodium is 0.73 eV. The work function for
sodium is 1.82 eV. Find (IIT JEE 1992 — 10 MARKS)

(a) the energy of the photons causing the photoelectric emission,

(b) the quantum numbers of the two levels involved in the emission of these photons,
(c) the change in the angular momentum of the electron in the above transition, and
(d) the recoil speed of the emitting atom assuming it to be at rest before the transition.

(lonization potential of hydrogen is 13.6 eV)

Qis.

A neutron of kinetic energy 65eV collides inelastically with a singly ionized helium atom at rest. It is
scattered at an angle of 90° with respect of its original direction (IIT JEE 1993 — 9 + 1 MARKS)

(i) Find the allowed valued of the energy of the neutron and that of the atom after the collision.

(i) If the atom get de-excited subsequently by emitting radiation, find the frequencies of the emitted
radiation.

[Given : Mass of He atom = 4 x (mass of neutron), lonization energy of H atom = 13.6 eV]

Q19

A small quantity of solution containing Na** radio nuclide (half life = 15 hour) 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 hour shown an
activity of 296 disintegrations per minute. Determine the total volume of the blood | the body of the
person. Assume that radioactive solution mixes uniformly in the blood of the person. (1 curie = 3.7 x 10"

disintegrations per second) (NIT JEE 1994 — 6 MARKS)

Q20

A hydrogen like atom (atomic number Z) is in higher excited state of quantum number n. The excited
atom can make a transition to the first excited state by successively emitting two photons of energy 10.2
and 17.0 eV respectively. Alternately, the atom from the same excited state can make a transition to the
second excited state by successively emitting two photons of energies 4.25 eV and 5.95 eV respectively.
(IIT JEE 1994 — 6 MARKS)

Determine the values of n and Z. ( lonization energy of H — atom = 13.6 eV)

Q21

An electron, in a hydrogen-hydrogen-like atom, is in an excited state. It has a total energy of — 3.4 eV.
Calculate (i) the kinetic energy and (ii) the de Broglie wavelength of the electron
(IT JEE 1996 — 3 MARKS)



Q22

At a given instant there are 25% undecayed radio-active nuclei in a sample. After 10 seconds the
number of undecayed nuclei reduces to 12.5% Calculate (i) mean-life of the nuclei, and (ii) the time in
which the number of undecayed nuclei will further reduce to 6.25% of the reduced number

(IT JEE 1996 — 3 MARKS)

Q23

In an ore containing Uranium, the ratio of U*® to Pb® nuclei is 3. Calculate the age of the ore, assuming
that all the lead present in the ore is the final stable product of U*® . Take the half-life of U**® to 4.5 x
10° years. (IIT JEE 1997 C — 5 MARKS)

Q24

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 that distance d between the atoms of the array is 2A . 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. (IIT JEE 1997 — 5 MARKS)

Q25

The element Curium 29468 Cm has a mean life of 10" second. Its primary decay modes are spontaneous
fission and o — decay, the former with a probability of 8 % and the latter with a probability of 92 % Each
fission releases 200 Me V of energy. The masses involved in & — decay are as follows. 29468 Cm =
248.072220 u, 294;' Pu = 244.064100 u and g He = 4.002603 u. Calculate the power output from a
sample of 10*° Cm atoms. (I u = 931 Me V/c?.) (IIT JEE 1997 — 5 MARKS)

Q26

Nuclei of a radioactive element A are being produced at a constant rate a. The element has a decay
constant A. At time t = 0, there are Ny nuclei of the element (IT JEE 1998 — 8 MARKS)

(a) Calculate the number N of nuclei of A at time t .

(b) If = 2Ny A, calculate the number of nuclei of A after one half-life of A, and also the limiting value of

Nast— oo,



Q27.

Photoelectrons are emitted when 40 nm radiation is incident on a surface of work function 1.9 eV. These
photoelectrons pass through a region containing o — particles. A maximum 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 in the 2 to 4 eV rang, that are
likely to be emitted during and after the combination [Take h = 4.14 x 10" eV.s.]

(IT JEE 1999 — 5 MARKS)

Q28

A hydrogen- like atom of atom number Z is in an excited state of quantum number 2n. It can emit 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. (IIT JEE 2000 — 6 MARKS)

Q29

When a beam of 106 eV photon of intensity 2.0 W/m? falls on a platinum surface of area 1.0x 10 m?
and work function 5.6 eV, 0.53% of the incident photons eject photoelectrons. Find the number of
photoelectrons emitted per second and their minimum and maximum energies

(IIT JEE 2000 — 4 MARKS)

Q30

In a nuclear reaction ***U undergoes fission liberating 200 MeV of energy. The reactor has a 10%
efficiency and produces 1000 MW power. If the reactor is to function for 10 years, find the total mass of
uranium required. (IT JEE 2001 - 5 MARKS)

Q31

A nucleus at rest undergoes a decay emitting an o particle of de-Broglie wavelength A =5.76 x 10™ m. If
the mass of the daughter nucleus is 223. 610 amu and that of the « particles is 4.002 amu, determine
the total kinetic energy in the final state. Hence, obtain the mass of the parent nucleus in amu. (1 amu =
931. 470 MeV / ¢?) (IIT JEE 2001 - 5 MARKS)

Q32

A radioactive nucleus X decays to a nucleus Y with a decay constant A, = 0.1 s . Y further decays to a
stable nucleus Z with a decay constant A, = 1/30 s™'. Initially, there are only X nuclei and their number is
No = 10%. Set up the rate equations for the populations of X, Y and Z. The population of Y nucleus as a
function or time is given by Ny (t) = (No Ax (Ax — A))) {exp (-Ayt)-exp (-Axt) — exp (A« t)}. Find the time at
which Ny is maximum and determine the populations X and Z at that instant.

(IIT JEE 2001 — 5 MARKS)



Q33

A hydrogen — like atom (described by the Bohr model) is observed to emit six wavelengths, originating
from all possible transitions between a group of levels. These levels both these values).
(IIT JEE 2002 - 5 MARKS)

(a) Find the atomic number of the atom.
(b) Calculate the smallest wavelength emitted in these transitions.

(Take hc = 1240 eV-nm, ground state energy of hydrogen atom =-13.6 eV)

Q34

Two metallic plates A and B, each of area 5 x 10" m?, are placed parallel to each other at a separation
of 1 cm. Plate B carries a positive charge of 33. 7 x 10™ C. A monochromatic beam of light, with photons
of energy 5 eV each, starts falling on plate A at t = 0 so that 10" photons fall on it per square meter per
second. Assume that one photoelectron is emitted for every 10° incident photons. Also assume that all
the emitted photoelectrons are collected by plate B and the work function of plate A remains constant
at the value 2eV. Determine (IIT JEE 2002 — 5 MARKS)

(a) the number of photoelectrons emitted uptot =10,
(b) the magnitude of the electric field between the plates Aand Batt=10s, and
(c) the kinetic energy of the most energetic photoelectron emitted at t = 10 s when it reaches plate B.

Neglect the time taken by the photoelectron to reach plate B. Take €, = 8.85 x 102 C*> / N -m’

Q35

Frequency of a photon emitted due to transition of electron of a certain element from L to K shell is
found to be 4.2 x 10*® Hz. Using Moseley’s law, find the atomic number of the element, given that the
Rydberg’s constant R=1.1x10" m™ . (T JEE 2003 — 2 MARKS)

Q36

A radioactive sample emits n [-particles in 2 sec. In next 2 sec it emits 0.75 n [-particle, what is the
mean life of the sample ? (IT JEE 2003 — 2 MARKS)

Q37.

In a photoelectric experiment set up, photons of energy 5 eV falls on the cathode having work function 3
eV. (a) If the saturation current is i, = 4pA for intensity 10-> W / m2, then plot a graph between anode

potential and current. (b) Also draw a graph for intensity of incident radiation 2 x 10-> W/m?.
(IIT JEE 2003 - 2 MARKS)



Q3s.

A radioactive sample of 238U decays to Pb through a process for which the half-life is 4.5 x 109 years.
Find the ratio of number of nuclei of Pb to 238U after a time of 1.5 x 109 years. Given (2)1/3 = 1.26.
(IIT JEE 2004 - 2 MARKS)

Q39

The photons from the Balmer series in Hydrogen spectrum having wavelength between 450 nm to
700 nm are incident on a metal surface of work function 2 eV. Find the maximum kinetic energy of
ejected electron. (Given hc = 1242 eV nm) (IITJEE 2004 - 4 MARKS)

Q 40.

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

Fuod=sx <1
V(X):{OD; x>1 }

A1 and A, are the de-Broglie wavelengths of the particle, when 0 < x < 1 and x > 1 respectively. If
the total energy of particle is 2E,, find A; / Az. (IIT JEE 2005 - 2 MARKS)

Q4l

Highly energetic electrons are bombarded on a target of an element containing 30 neutrons. The
ratio of radii of nucleus to that of Helium nucleus is (14)1/3. Find (a) atomic number of the nucleus.
(b) the frequency of K line of the X-ray produced. (R = 1.1 x 10’ m1and ¢ = 3 x 108 m/s)

(IIT JEE 2005 - 4 MARKS)

Q42

In hydrogen - like atom (z = 11), nth line of Lyman series has wavelength A. The de- Broglie’s
wavelength of electron in the level from which it originated is also A. Find the value of n?
(IIT JEE 2006 - 6 Marks)



Modern Physics - Solutions

Sol.1.

(i)E:=-13.6/472,E3=-13.6 /9 72
Es-E;=-13672(1/9-1/4)=+13.6x5 /3672

But Ez - E; = 47.2 eV (Given)

~136x5 /3672 =472 .7 =V472x36/13.6x5=5

(i) Es=-13.6 /16 72

~E4-E3=-13.672[1/16-1/9] =-13.672[9-16 /9x 16]
=+4+13.6x25x7/9x16 =16.53 eV

(ili)E;1 = -13.6 /1x25=-340¢eV
“E=Ew-E1=340eV=340x1.6x1019] [Ew=0eV]

But E=hc /A
~A=hc/E=66x103%x3x108/340x1019x1.6x101%m
(iv) Total Energy of 1st orbit = - 340 eV

We know that - (T.E.) = K.E. [in case of electron revolving around nucleus]
And 2T.E. = P.E.

~KE.=340eV;PE.=-680eV

KEY CONCEPT :

Angular momentum in 1st orbit:

According to Bohr’s postulate,

mvr=nh /2n

Forn=1,

mvr=h/2n=66x103*/2n =1.05x10-34]-s.

(V) Radius of first Bohr orbit
ri=53x101/Z=53x101/5

=1.06x1011m



Sol.2.

E=12400 / A (in f\) eV =12400/975=12.75eV (D)
Also
13.6[1/n%-1/n%]=12.75=2[1/1-1/n%]=1275/13.6=>m =4

For every possible transition one downward arrow is shown therefore the possibilities are 6.
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Note : For longest wavelength, the frequency should be smallest.

3

In

This corresponds to the transition from n = 4 to n = 3, the energy will be E, = 13.6 / 42; Ez3 =-13.6 / 32
~Es-E3=13.6/42-(-13.6 /32) =13.6[1/9-1/16]
=0.66eV=0.66x1.6x101]=1.056x1019]

Now, E = 12400 / A (ind) eV . A = 18787 A

17

ol.3.

(i) In a nucleus, number of electrons = 0 (~ electrons don’t reside in the nucleus atom)
(ii) number of protons = 11

(iii) number of neutrons = 24 -11 =13

Sol.4.
238 234 4 234 234 0
92U—>90X+2He 90X—>91Y+_1e

(i) Atomic number = 91

(ii) Mass number = 234

Sol.5.
he /A1 -he /A =KE.4 el 1)
Andhc /A, -he /2 =KE.; (i)

= hc /11 - hC/)\z =KE.1-KE;



= hc [7\2 - 11 /7\1 7\2] =K.E.1 - K.Ez
~h= (K.E.l - K.E.z)ll 12 / Cc (7\2 - 7\1)
=(1.8-4)x1.6x101°x800x1010x700x 1010 /3 x 108 x (700 - 800) x 10-10

= 6.6 x103*].s.

Sol.6.

(i) En = - LE. / n? for Bohr's hydrogen atom.

Here, LE. = 4R - E, =-4R / n?
~E;-E1=-4R/22-(-4R/1?)=3R (1)
E;- Et=hv=hc /A (1)
From (i) and (ii)

he /A=3R

~A=hc/3R=6.6x103* x3x108/2.2x1018 x3 = 300A
(i) The radius of the first orbit

Bohi’s radius of hydrogen atom = 5x 10-11 m (given)
|Eal =+ 0.22x10177Z2=4R=4x22x10"18

~7=2

STh=1o/Z=5x101/7Z=5x101/2=25%x10""m

Sol.7.

(i) En=-13.6 /n2Z2eV / atom
ForLizt+,Z=3.E,=-13.6x9 /n2eV /atom
~E1=-13.6x9/1andE3=-13.6x9/9=-13.6
AE=E3-E;1=-13.6-(-13.6x9)

13.6x8=108.8 eV /atom

A=12400 /E (ineV) A=12400/1088=114 A

(i) The spectral line observed will be three namely 3 — 1,

3—2,— 1.



Sol.8.

KE.=0.0327eV=0.327x1.6x101]

% mpv2, = 0.0327 x 1.6 x 10-1°

= vn[2x0.0327x1.6 x10-19/ 1.675 x 10-27]1/2
=v;=0.25x10*m/s

Time taken by the neutron to travel 10 m will be
t=d/va=10/025x10*=4x103s

Let the number of neutron initially be a.
A=0693/1/2=0.693/700 s

We know that

t=2303/Aloga/a-x
=4x103/2.303x0.693 /700 = 1=logipa/a-x
=logpa/a-x=172x10°=a/a-x=1.000004

=>x/a=3.96x10+6

Sol.9.

[=0125V-75

=2dl=0125dVordvV/dl =1/0.125=8

We know that plate resistance, r, = dV / dl = 8m{}

The trans conductance, gn = [dl / dV,] v = constt

AtV =-1volt, V=300 volt, the plate current
[=[0.125x 300 - 7.5] mA = 30 mA

Also itis given that Vo =- 3V,V =300 Vand [ =5mA
~gn=[30-5/-1-(-3)]=25/2x103=125x103s
The characteristics are given in the form of parallel lines.

Amplification factor

=rpgm=8x103x12.5x103=100

Sol.10.

(i) Let m be the mass of electron. Then the mass of meson is 208 m. According to Bohr’s postulate, the
angular momentum of mu-meson should be an integral multiple of h/2m.
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<~ (208M) vr = nh/ 2n
~v=nh/2nx 208 mr=nh /416 mmr (1)

Note : Since mu-meson is moving in a circular path, therefore, it needs centripetal force which is provided by
the electrostatic force between the nucleus and mumesion.

~{208m)vz fr=1/4meox 3exe /12

<1 =3e? / 4mep x 208 mv?

Substituting the value of v from (1), we get
r=3e2x416mmrx 416 mmr / 4 meyo x 208mn? h?
=r=n?h?g / 624 mme? (1)
(i) The radius of the first orbit of the hydrogen atom

= g9 h? / mme? .(ii)

To find the value of n for which the radius of the orbit is approximately the same as that of the first Bohr orbit
for hydrogen atom, we equate eq. (i) and (ii)

N2 h2 / 624 mme? = goh? / mme2 = n = V624 = 25
(iii) 1 /A =208 RxZ2[1 /n21 - 1 / n2y]
=1/A=208x1.097x107x32[1/12 -1/ 32]

=2>A=5478x101m

Sol.11.

E1=12400 /4144 =299 ¢eV,E, =12400 /4972 =2.49 €V,
E3=12400/6216 =199 eV.
= Only first two wavelengths are capable of ejecting photoelectrons.

Energy incident per second

=3.6/3x103x104=1.2x107] /s



~m=12x107/299x1.6 x1019=25x1011
n2=12x107/299x1.6x101°=3x1011
Total number of photons = 2 (n; + ny)
=3.01x1011 + 2,51 x1011 =5.52 x 1011

~ Total number of photoelectrons ejected in two seconds = 11 x 1011

Sol.12.

(i) The transition of six different photon energies are shown.

> n=4 [F0.85¢eV]x

5 L 4=3 rsevy § [065eV]
e R 1 [+19e
z yY _ p=7 [-34eV] i[ V]1
§ S [102 V] ¢
= | ey =1 [-136eV]¥ o

Since after absorbing monochromatic light, some of the emitted photons have energy more and some have
less than 2.7 eV, this indicates that the excited level B is n = 2. (This is because if n = 3) is the excited level
then energy less than 2.7 eV is not possible)

(i) For hydrogen like atoms we have

En=-13.6 /n2Z2eV / atom
E4+-E2=-13.6/1672-(-13.64)72=2.7
=72x13.6[1/4-1/16]=2.7
=272=27136x4x16/12=21E.=13.672(1/12-1/ w?)
=13.6x2.7/13.6x4x16 /12 14.46 eV

(iii) Max. Energy

E4+-E313.672(1/4%-1/12)
=13.6x2.7/13.6x4x16/12x15/16=13.5eV
Min. Energy

Es-E3 =-13.622(1/42-1/32)

=13.6x2.7/13.6x4x16/12x 7/9x16=0.7eV



Sol.13.

For hydrogen like atom energy of the nth orbit is
En=13.6n%272eV / atom

For transition fromn =15 ton =4,
Hv=13.6x9[1/16-1/25]1=13.6x9x9/16x25=2.754¢eV
For transition fromn=4ton = 3,
hv'=13.6x9[1/9-1/16]=13.6x9x7 /9x16 =5.95¢eV
For transition n = 4 to n = 3, the frequency is high and hence wavelength is short.
For photoelectric effect, hv' - W = eV, where W = work function
595x1.6x101°-W=1.6x101x3.95

>W=2x16x101 =2eV

Again applying hv - W = eV’

We get, 2.754x 1.6 x1019-2x1.6x1019=1.6 X101V’

=V =0.754V

Sol.14.

Energy required per day
E=Pxt=200x10x24x60x 60
=1.728x1013]

Energy released per fusion reaction
=[2(2.0141) - 4.0026] x 931.5 MeV
=23.85MeV=23.85x106x1.6x101°
=38.15x 1013

~ No. of fusion reactions required

= 1.728x 1013 /38.15x 1013 = 0.045 x 1026
-~ No. of deuterium atoms required
=2x0.045x 1026 = 0.09 x 1026

Number of moles of deuterium atoms
=0.09x10% /6.02x 102 =14.95

-~ Mass in gram of deuterium atoms

=14.95x2=299¢g



But the efficiency is 25%

Therefore, the actual mass required = 119.6 g

Sol.15.

Energy of one photon, E = he / A = (6.6 x 10-3¢) (3.0 x 108) / 6000 x 10-10

=33x1019]

Power of the source is 2 W or 2 ] /s. Therefore, number of photons emitting per second,
N1=2/3.3x101°=6.06x1018/s

At distance 0.6 m, number of photons incident unit area per unit time:
nz=n;/4n(0.6)2=1.34x1018 /m2 /s

Area of aperture is,

Si=mn/4d?(0.1)2=7.85x103m?

- Total number of photons incident per unit time on the aperture,

N3 =nz2s;1=(1.34xc1018) (7.85x10+-3) /s

=1.052x1016 /s

The aperture will become new source of light.

Now these photons are further distributed in all directions. Hence, at the location of detector, photons
incident per unit area unit time :

Ni=ns/4m(6-0.6)?=1.052x101 /41 (5.4)2
=2.87x1013 51 m?2

This is the photon flux at the centre of the screen. Area of detector is 0.5 cm? or 0.5 x 104 m2. Therefore, total
number of photons incident on the detector per unit time:

ns = (0.5x104) (2.87x1013d) =1.435x 109!
The efficiency of photoelectron generation is 0.9. Hence, total photoelectrons generated per unit time :

ne=09ns=1.2915x10%s1



or, photocurrent in the detector :

i=(e)ns= (1.6 x1019)(1.2915x10%) = 2.07x 10-10A
(b) Using the lens formula :
1/v-1/-06=1/-0.60orv=-03m

i.e, image of source (say S’, is formed at 0.3 m from the lens,)

[ 1%}
=
P

A—— 5T —————

Total number of photons incident per unit on the lens are still n3 or 1.052 x 101¢s, 80% of it transmits to
seconds medium Therefore, at a distance of 5.7 m from §’ number of photons incident per unit are per unit
time will be :

N1=(80/100) (1. 05x 101¢) / (4 m) (5.7)?

This is the photon flux at the detector.

New value of photocurrent is :

i=(2.06x1013) (0.5x10%) (0.9) (1.6 x10-19)
=1.483x1010A

(¢) For stopping potential

he /2 = (EQQmax+ W=eVo+ W

~eVo=hc /A-W=3315x1019/1.6x1019-1=1.07eV
Vo =1.07 Volt

Note : The value of stopping potential is not affected by the presence of concave lens as it changes the
intensity and not the frequency of photons. The stopping potential depends on the frequency of photons.

Sol.16.

A, 228, 4
@ g, X— 7 Y+ He

A=228+4=232,92=72+2=7=90

(b) Let v be the velocity with which « - particle is emitted.

Then



mv2 /r=qvB=>/m=2x1.6x10"1 x0.11x3/4.003x 1027
=2>v=159x10" ms!

Applying law of conservation of linear momentum during « - decay we get
My vy = My Va (D

The total kinetic energy of « — particle and Y is

E=KE.: + KE.y =% mqvs? + %2 my vy?

=12 Mg V2 + ¥2 my [Mq Vo / My] = %2 Mg Va2 + Mg Ve? + Me? Ve? / 2my
=1x4.033x1.6x1027x (1.59x107)2[1 + 4.003 / 228.03]]
=8.55x1013]

= 5.34 MeV

-~ Mass equivalent of this energy

=5.34/931.5=0.0051 am.u.

Also, my + mq + mass equivalent of energy (E)

=228.03 +4.003 + 0.0057 = 232.03874 u.

The number of nucleus = 92 protons + 140 neutron.

~ Binding energy of nucleus X

=[92x1.008 + 140x 1.009] - 232.0387 =1.9571 u

=1.9571x931.5 = 1823 MeV.

Sol.17.

(a) The energy of photon causing photoelectric emission

= work function of sodium metal + KE of the fastest photoelectron
=1.82+0.73=2.55¢eV

(b) We know that E, = - 13.6 / n2 eV / atom for hydrogen atom.
Let electron jump from n; to n; then

E,,-E,, =-13.6 /n2?-(13.6 / n%)

=255=13.6(1/n% -1/ n%)

By hit and trial we getn; =4 and n; = 2

[angular momentum mvr = nh/ 2m]

(¢) Change in angular momentum

=nih/2nm-nh/2n=h/2n(2-4)=h/2nx(-2)=-h/x



(d) The momentum of emitted photon can be found by de Broglie relationship
A=h/p=2p=h/A=hc/c=E/c ~p=255x16x10-19/3x108

Note : The atom was initially at rest the recoil momentum of the atom will be same as emitted photon
(according to the conservation of angular momentum).

Let m be the mass and v be the recoil velocity of hydrogen atom then
mxv=255x1.6x101/3x108

>v=255x16x101/3x108x1.67x10%7 =8.14 m/s

Sol.18.

3
—mmme-OP

o+ O D g
m 4m : L

Applying conservation of linear momentum in horizontal direction
(Initial Momentum )y = (Final Momentum)x

(P1)x = (P«

= V2Km = V2(4m)K; cos 8 (1)
Now applying conservation of linear momentum in Y - direction
(P)y = (Pr)y

0 =+v2K;m-v 2(4m)K; sin @
1

=V 2K, m =v2(4m)K; sin 6 .... (ii)

Squaring and adding (i) and (ii)

2Km 4 2Kmy; m = 2 (4m) K; + 2 (4m)K;

Ki + K2 = 4K 2 K=4K; - K, = 4K, - K; = 65 ...(jii)

When collision takes place, the electron gains energy and jumps to higher orbit.
Applying energy conservation

K=Ki+ K; + AE



=265 =K + K, + AE 1Y)
Possible value of AE for Het

Case (1)

AE;1=-13.6-(-544)=408¢eV

= K; + Kz =24.2 eV from (4)

Solving with (3), we get

K;=6.36eV;K; =17 .84¢eV

Case (2)

AE; =-6.04-(-54 .4) =48 .36V

= K; + K, =16.64 eV from (4)

Solving with (3), we get Ko = 0.312 eV; K; = 16. 328 eV

34V - =4
-0.04 ¢V — A =3
1366V = .
544 ¢V — S

. For Het Jred

Case (3)

AE3=-34-(-544)=51.1eV

=>Ki+K:=14eV

Solving with (3), we get

K;=158¢eV;K;=-18¢eV

But K.E. can never be negative therefore case (3) is not possible.

Therefore, the allowed values of kinetic energies are only that of case (1) and case (2) and electron can jump
upto n = 3 only.

(ii) Thus when electron jumps back there are three possibilities
n3 — nj or nz — nz and n; — n;

The frequencies will be
yi=Es-Ez/h;v2=E3-E1/h;vi=E;-E1/h

i.e, 1.82x 1015 Hz; 11.67 x 1015 Hz; 9.84 x 1015 Hz



Sol.19.

ti/2 = 15 hours

Activity initially Ap = 10-¢ Curie (in small quantity of solution of 24Na) = 3.7 x 10* dps
Observation of blood of volume 1 cm3

After 5 hours, A = 296 dpm

The initial activity can be found by the formula

t=2.303/Alogio Ao /A=>5=2303/0.693 /15 xlogioAo /296

= logio Ao / 296 =5x0.693 /2.303x15=0.3010 /3 =0.10033

= A /296=126= Ao =373 dpm =373 / 60 dps

This is the activity level in 1 cm3. Comparing it with the initial activity level of 3.7 x 10* dps we find the
volume of blood.

V=37x10%/373 /60 =>5951.7 cm3 = 5.951 litre

Sol.20.

For hydrogen like atoms

En -13.6 /n2Z2eV / atom

GivenE,-E; =102 +17 =27.2eV (1)
En-E3=4.24+4+595=10.2eV

~E3-Ex=17

ButEz-E,=-13.6 /972-(-13.6 /47?%)
=-13.672[1/9-1/4]

=-13.672[4-9/36]=13.6x5 /3672
~136x5/36722=17=27=3

En-E;=13.6n;x3%2-[-13.6 / 22x 3?]
=-136[9/n2-9/4]=-13.6x9[4 -n? /4n?] (i)
From eq. (i) and (ii),

-13.6x9[4-n?/4n%] =27.2

=-122.4 (4 -n?)=108.8n?

=>n2=4896/13.6=36=>n==6



Sol.21.

(A)E.=-34eV

The kinetic energy is equal to the magnitude of total energy in this case.
~KE = +34eV

(i) The de Broglie wavelength of electron

A=h/V2mK=664x1034 /v 2x9.1x1031x3.4x 1.6 x 1019 eV

=0.66x10°m

Sol.22.

(i) From the given information, it is clear that half life of the radioactive nuclei is 10 sec (since half the
amount is consumed in 10 second 12.5% i half of 25% pls. note). Mean life
1=1/A=1/0.693 /112 =t1/2 / 0.693 =10 / 0.693 = 14.43 sec

(ii) N = Noelt

N/ No=6.25/100
A=0.0693s1

6.25 / 100 = e-0.0693t
e+0693t =100 / 6.25 = 16
0.0693t = In 16 = 2.773

Ort=2.733 / 0.0693 = 40 sec.

Sol.23.

Number of atoms of 238U initially / Numbarof atoms of 238U finally=4 /3 =a / (a-x)
[ Initially one part lead is present with three parts Uranium]

~1=2303/Aloga /(x-x)=2.303x4.5x10°/0.693 log4/3

= 1.868 x 10° years.

Sol.24.
As nodes are formed at each of the atomic sites, hence
2h=n(A/2) (1)

[ - Distance between successive nodes = A / Z]
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and25A=(n+1)A/2
~25/2=n4+1/n,5/4=n+1/norn=4
Hence, from equation (1),
2h=427/2ie,A=14

Now, de Broglie wavelength is given by
A=h/vV2mKorK=hz/A22m
~K=(663x103%)2/(1x1010)2x2x9.1x1031x 1.6 x 1019 eV
=(6.63)2/8x9.1x1.6x102eV=151¢eV

d will be minimum, when
n=1dmn=1/2=1A/2=054

Sol 25.

The reaction involved in a - decay is

248 244 4
9 Cm — 94 Pu+2He

Mass defect

248

_ 244
Am = Mass of 96

4
Cm - Mass of 94 Pu - Mass of 2He

= (248.072220 - 244.064100 - 4.002603)u

=0.005517u

Therefore, energy released in o - decay will be
E«=(0.005517 x931) MeV =5.136 MeV

Similarly, Efission = 200 MeV (given)

Mean life is given ass tmean = 1083 5= 1/ A

-~ Diisintegration constant A = 10-13 51

Rate of decay at the moment when number of nuclei are 1020 is

dN / dt = AN = (10-13) (1020) = 107 dps



Of these distintegrations, 8% are in fission and 92% are in « - decay.
Therefore, energy released per second

= (0.08x107x 200 + 0.92 x 107) x 5.136) MeV

=2.074x108 MeV

- Power output (in watt) = Energy released per second (J/s)

= (2.074x108) (1.6 x 10-13)

-~ Power output = 3.32 x 10-> watt.

Sol 26.

Rate of production ~ a Rate of decay = AN

= time
N = Number of radioactive nuclei

(@) Let at time ‘t’ number of radioactive are N.

Net rate of formation of nuclei of A.

dN /dt=a-ANordN /a-AN=dt

or f;:] ﬁ = fot dt

Solving this equation, we get

N=1/2[a-(cx—ANo)eM we(1)

(b) Substituting o = 2AN, and

t =tz =1n(2) / Ain equation (1),

we get, N =3/2 Ny

(ii) Substituting & = 2A No and t — oo in equation (1), we get

N=a/A=2No

Sol 27.

The energy of the incident photon is

Ei=hc/A = (414x1015eVs) (3x108m/s) / (400x10°m) =3.1eV



The maximum kinetic energy of the electrons is Enax =E1 -W=3.1eV-19eV=12¢eV

It is given that,
. Het
(Oﬁn;iijiiﬁcet:;fs ) + ,He2+ — ind th excited state
gy + photon

The fourth excited state implies that the electron enter I the n = 5 state.
In this state its energy is

Es =-(13.6eV)Z2 / n2 = - (13.6eV)(2)? / 52

=-2.18¢eV

This energy of the emitted photon in the above combination reaction is
E=Enax+ (-E5)=1.2eV+218eV=24¢eV

Note : After the recombination reaction, the electron may undergo transition from a higher level to a lower
level thereby emitting photons.

The energies in the electronic levels of He+ are
Es=(-13.6eV)(22) /42=-34¢eV
Es=(-13.6eV)(22) /32=-6.04eV

E; = (-13.6eV) (22) / 22=-13.6 eV

The possible transitions are

n=5—n=4
AE=Es-E4s=[-2.18-(-3.4)]eV=1.28¢eV
n=5—n=3
AE=Es-E3=[-2.18-(-6.04)]eV=3.84¢V
n=5—n=2

AE=Es-E;=[-2.18-(-13.6 )]eV=11.4¢eV
n=4—n=3

AE=E4-E;=[-34-(-6.04)]eV=264eV

Sol 28.

Energy for an orbit of hydrogen like atoms is
En=-13.672 / n?
For transition from 2n orbit to 1 orbit

Maximum energy = 13.67Z2(1/1-1/ (2n)?)



=204=13.672(1/1- 1/4n?) ..(i)

Also for transition2n ~ —n.
40.8=13.67Z2(1/n%2-1/4n2)=40.8=13.672(3 / 4n?)
=408=40.872/4n2=720r2n=7 .... (i)

From (i) and (ii)
204=13.672(1-1/7?)=13.6722-13.6
13.6722=204+13.6 =217 .6

72 =2176/13.6=16,Z2=4n=72/2=4/2=2
orbitno.=2n =4

For minimum energy = Transition from 4 to 3.
E=13.6x42(1/32-1/4?)=13.6x4%(7/9x16)
=10.5¢eV.

Hencen=2,Z=4, Enin=10.5eV

Sol 29.

No. of photons /sec

= Energy incident on platinum surface per second / Energy of on photon
No. of photon incident per second
=2x10x104/10.6x1.6x101°=1.18x 1014

As 0.53% of incident photon can eject photoelectrons

-~ No. of photoelectrons ejected per second

=1.18x101x0.53 /100 = 6.25x 1011

Minimum energy = 0 eV,

Maximum energy = (10.6 - 5.6 ) eV = 5eV

Sol 30.

The formula for 1 of power will be

N = Pout / Pin

< Pin=Pou /=1000x10¢ /0.1 =1010W
Energy required for this power is given by

E=pxt



=101x86,400x365x 10

=3.1536x1018]

200 x 1.6 x 1013 ] of energy is released by 1 fission
~3.1536 x 1018 ] of energy is released by

3.1536x 1018 / 200 x 1.6 x 10-13 fission

= 0.9855 x 102° fission

= 0.985 x 1029 of U235 atoms.

6.023 x 1023 atoms of Uranium has

235x0.9855x102° / 6.023x1023 g = 38451 kg

Sol 31.

Let the reaction be

A A -4 4
ZX_)Z _2Y+2He

Here, my = 223.61 amu and mq = 4.002 amu
We know that
A=h/mv=>m2v2=hZ/A2=0p?
= ButE.K.=p?/ 2m. Therefore KE.=h? / ZmAz ..(i)
Applying eq. (i) for Y and «, we get
KE..=(6.6x1034)2/2x4.002x1.67x1027x5.76 x 1015 5.76 x 10-15
=0.0982243x 1011 = 0.982 x1012]
Similarly (E.K.)y = 0.0178 x 10-12]
Total energy = 10-12
We know that E = Amc?
<~ Am=E fc2=1012/(3x108)2kg
1.65 x 1027 kg =1 amu
= 1012 / (3x108)2kg = 1012amu / 1.67 x 1027 x ( 3 x 108)2
=1012amu/1.67x9x1027x 1016 = 0.00665 amu
The mass of the parent nucleus X will be
Mx = my + me + Am

= 223.61+ 4.002 + 0.00665 = 227.62 amu
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The rate of equation for the population of X, Y and Z will be
dNy / dt = - A, Ny ()
dNy / dt = - Ay Ny + A Ny (i)
dN/dt=-A N, .. (i)

= On integration, we get
Nx=No / Ax— Ay [ et - e¥t]
To determine the maximum Ny, we find
dNy /dt=10
From (ii)
ANy +ANy=0
2 ANe=AN, L )
= A (Ng e®™) = A, [Ax No / Ax — Ay (et - elxt)]
D Mh—Ay [ Ay = eNt—eMxt [edt 5} [ = elx/ANt
= loge A/ Ay = (A - At
=t=loge (A/Ay) / A-Ay=1oge[0.1/(1/30)] /0.1 -1/30 =15 log.3
<Ny =Nge-0.1(15loge3) = Ny eloge-1.5)
= Ny = N 315 = 1020 / 3v3
Since, dN, / dt = 0 att = 15 log. 3, ANy =Ny /Ay = 1020 /3
And Nz = No- Nx-Ny

=1020 - (1020 / 3v3) - 1020 / /3 = 1020 (33 -4 /3+3)

Sol 33.

(a) If x is the difference in quantum number of the states than **1C; = 6 = x =3



Now, we have -z2 (13.6eV) / nz = - 0.85eV (1)
And -z2 (13.6eV) / (n+ 3)2=-0.544 eV (i)
Solving (i) and (ii) wegetn =12 and z = 3

(b) Smallest wavelength 2 is given by

he /A ={085-0.544) eV

Solving, we get A = 4052 nm.

Sol 34.

a) Number of electron falling on the metal plate A = 1016 x (5 x 10
g p

A B

| d=1em |
~ Number of photoelectrons emitted from metal plate A upto 10 seconds is
Ne= (5x 10%) x1016/106x 10 = 5 107

(b) Charge on plate Batt = 10 sec

Qy=33.7x1012-5x107x1.6x 1012 = 25.7x 1012 C

Also Q,=8x1012C

E=o0p/2e0-0A/2e0=1/2A%2)(Qs-Qn)

=17.7x1012 /5x10*x8.85x 1012 = 2000 N/C

(¢) K.E. of most energetic particles



= (hv-¢) + e (Ed) = 23 eV

Note : (hv - ¢p) is energy of photoelectrons due to light e (Ed) is the energy of photoelectrons due to work
done by photoelectrons between the plates.

Sol 35.

According to Bohr’'s model, the energy released during transition from n; to n; is given by
AE =hv=Rhc (Z-b)2[1/n%-1/n%)]

For transition from L shell to K shell

B=1,n,=2,n1=1

~(Z-1)2Rhc[1/1-1/4]=hv

On putting the value of R = 1.1 x 107 m-! (given),

c=3x108m/s, we get

Z=42

Sol 36.

A=logeAo/A/t=1/2logen/0.75n

= Meanlife =1/A=2/log.4 /3

Sol 37.

(@)eVo=hv-hvo=5-3=2¢eV
- Vo= 2volt.
(b) Note : When the intensity is doubled, the saturation current is also doubled,
- ' o 5 | 2
SuA () 1=2x 10" wim
14 . ' To=3 2
BA. (@ 1=10" wm’

Sol 38.

a = Initial Uranium atom

(a-x) = Uranium toms left



(@a-x)=a(l/2)
andn=t/t;»=15x10°/4.5x10°=13
~a-x=a(1/2)3
=afax=1/(1/2)13=213/1=1.26

=>x/a-x=126-1=0.26

Sol 39.

KEY CONCEPT:
The wavelength A, of photon for different lines of Balmer series is given by
he /A=136[1/22-1/n%]eV,wheren=3,4,5

Using above relation, we gel the value of A = 657 nim, 487 nm between 450 nm and 700 nm. Since 487 nm, is
smaller than 657 nm electron of max. E.K. will be emitted for photon corresponding to wavelength 487 nm
with

(KE)=hc/A-W= (1242 /487 -2) = 0.55 eV

Sol 40.

The de Broglie wave length is given by
A=h/mv=i=h/V2mK

Case (0 <x<1

For this, potential energy is Eo (given)
Total energy = 2E, (given)

-~ Kinetic energy = 2 Eo - Eo = Eo

X =h/v2mE, (D)
Case (i) x>1

For this, potential energy = 0 (given)
Here also total energy = 2E, (given)

- Kinetic energy = ZE,

~A2=h /v2m (2E¢) (i)
Diving (i) and (ii)

7\1/12:\/-2]50/]5:0:)7\1/12 :\/2



Sol 41.

(a) KEY CONCEPT : We know that radius of nucleus id given by formula
r = rog Al/3 where ro = consft, and A = mass number.

For the nucleus r1 = r¢ 41/3

For unknown nucleus r; = ro (A)1/3

Atz /ri=(A/4)13,(14)183=(A/4)/3=>A=56

~ No of proton = A - no. of neutrons = 56 - 30 = 26

(b) We know thatv =Rc (Z-b)2[1 /n% -1 / n%]

Here, R=1.1x107,c=3x108,Z =26

b =1 (forKa),n1=1,n,=2

~v=11x107x3x108[26-1]2[1/1 -1/ 4]

=3.3x10%x25%x25x%x3% =1.546x 1018 Hz

Sol 42.

Note : nth line of Lyman series means electron jumping from (n + 1 )th orbit to 1st orbit.
For an electron to revolve in (n + 1)th orbit.

2ir=(n+1)A

2A=2n/(n+Lxr=2n/(n+1)[0529x 109 (n+1)2/Z

=2 1/A=7/2n[0.529x10-1°] (n+ 1) (1)

Also we know that when electron jumps from (n + 1)th orbit to 15t orbit
1/A=R72[1/12-1/(n+1)2=1.09x107Z2[1-1/ (n + 1)?]

From (i) and (ii)

Z/2m(0529x1019) (n+1)=1.09x107Z2[1-1/ (n+ 1)Z]

On solving, we get n = 24






