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12.ATOMS

10.

Single Correct Answer Type

The ratio of the speed of the electron in the first Bohr orbit of hydrogen and the speed of light is equal to
(where e, h, and ¢ have their usual meanings in cgs system)

a) 2mhc/e? b) er?h/2mnc c) e?c/2mh d) 2me? /hc
In Fig, E; to Eg represent some of the energy levels of an electron in the hydrogen atom

Eg 038 eV

Es -0.54 eV

E4 -0.85eV

o -1.5eV

E, 34eV

E, -13.6eV

Which one of the following transitions produces a photon of wavelength in the ultraviolet region of the
electromagnetic spectrum?

a)E, — E; b) E; — E, c) E, — E3 d)Eg —E,

If elements of quantum number greater than n were not allowed, the number of possible elements in
nature would have been

2
a) %n(n +1) b) {@} c) %n(n +1)(2n+1) d) %n(n +1)(2n+1)

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

a) 1l b) 8 c) 4 d) 16

Consider a spectral line resulting from the transition n = 5 ton = 1, in the atoms and ions given below.
The shortest wavelength is produced by

a) Helium atom b) Deuterium atom

c) Singly ionized helium d) Ten times ionized sodium atom

A hydrogen atom in around state absorbs 10.2 eV of energy. The orbital angular momentum of the electron
is increased by

a) 1.05 X 10734 Js b) 2.11 X 10734 s €) 3.16 X 10734 s d) 4.22 X 10734 s

In the Bohr model of a hydrogen atom, the centripetal force is furnished by the Coulomb attraction
between the proton and the electron. If a, is the radius of the ground state orbit, m is the mass, and e is the
charge on the electron and ¢ is the permittivity of vacuum, then the speed of the electron is:

a) 0 e

b) J € d) 4me,a,m
NN N Jame,a,m e

As the electron in Bohr orbit of hydrogen atom passes from state n = 2 ton = 1, the KE (K) and PE (U)
change as

a) K two-fold, U also two-fold b) K four-fold, U also four-fold

c) K four-fold, U two-fold d) K two-fold, U four-fold

An electron is in an excited state in a hydrogen like atom. It has a total energy = —3.4 eV. The kinetic
energy of electron is E and its de Broglie wavelength is A

a)E=68eV; 1 =6.6%x10"1m b)E =3.4eV; 1 =6.6 x1071%m
C)E=34eV; 1=6.6%x10"1m d)E=68eV; 1=6.6%x10"11m

When the voltage applied to an X-ray tube increases from V; = 10 kV to V, = 20 kV, the wavelength
interval between K, line and cut-off wavelength of continuous spectrum increase by a factor of 3. Atomic
number of the metallic target is
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a) 28 b) 29 c) 65 d) 66

A photon collides with a stationary hydrogen atom in ground state inelastically. Energy of the colliding
photon is 10.2 eV. After a time interval of the order of micro second another photon collides with same
hydrogen atom inelastically with an energy of 15n eV. What will be observed by the detector?

a) 2 photon of energy 10.2 eV.

b) 2 photon of energy of 1.4 eV.

c) One photon of energy 10.2 eV and an electron of energy 1.4 eV

d) One photon of energy 10.2 eV and another photon of energy 1.4 eV

A hydrogen-like atom emits radiations of frequency 2.7 x 10'®> Hz when it makes a transition from n = 2
ton = 1. The frequency emitted in a transition from n = 3 ton = 1 will be

a) 1.8 x 105 Hz b) 3.2 x 10'° Hz c) 4.7 x 10° Hz d) 6.9 x 105 Hz

Imagine an atom made of a proton and a hypothetical particle of double the mass of the electron but
having the same charge as the electron. Apply the Bohr atom model and consider all possible transitions of
this hypothetical particle to the first excited level. The longest wavelength photon that will be emitted has

wavelength [given in terms of the Rydberg constant R for the hydrogen atom] equal to
9 36 18

4
a) <R b) <R c) TR d) A
In a hydrogen atom, the electron is in n™" excited state. It comes down to first excited state by emitting 10
different wavelengths. The value of n is
a) 6 b) 7 c)8 d)9
If the series limit wavelength of the Lyman series for hydrogen atom is 912 A, then the series limit
wavelength for the Balmer series for the hydrogen atom is
a) 912 4/2 b)912 A €) 912 x 2 A d)912 x 4 A
An electron in the ground state of hydrogen has an angular momentum L; and an electron in the first
excited state of lithium has an angular momentum L,. Then
a)L; =1L, b) L, = 4L, c) L, =2L, d) L, = 2L,
According to Bohr’s theory of hydrogen atom, the product of the binding energy of the electron in the nt®
orbit and its radius in the n*® orbit
a) Is proportional to n? b) Is inversely proportional to n3
c) Has a constant value of 10.2 eV — A d) Has a constant value of 7.2 eV — A
The electron in a hydrogen atom makes a transition n; = n,, where n; and n, are the principal quantum
numbers of the two states. Assume Bohr model is valid in this case. The frequency of the orbital motion of
the electron in the initial state is 1/27 of that in the final state. The possible values of n; and n, are
ajn, =6,n, =3 b)yn; =4,n, =2 cJn,=8n,=1 dn,=3n,=1
Mark out the correct statement regarding X-rays
a) When fast moving electrons strike the metal target, they enter the metal target and in a very short time
span come to rest, and thus an accelerated charged electron produces electromagnetic waves (X-rays)
b) Characteristic X-rays are produced due to transition of an electron from higher energy levels to vacant
lower energy levels
c) X-rays spectrum is a discrete spectra just like hydrogen spectra
d) Both (a) and (b) are correct
The potential difference across the Coolidge tube is 20 kV and 10 mA current flows through the voltage
supply. Only 0.5% of the energy carried by the electrons striking the target is converted into X-rays. The
power carried by the X-ray beam is P. Then
a)P=01W byP=1W c)P=2W dP=10W
Check the correctness of the following statements about Bohr model of hydrogen atom:
(i) The acceleration of the electron in n = 2 orbit is more than that in n = 1 orbit
(ii) The angular momentum of the electron in n = 2 orbit is more than that inn = 1 orbit
(iii) The KE of the electron in n = 2 orbit is less than that in n = 1 orbit
a) All the statements are correct b) Only (i) and (ii) are correct
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¢) Only (ii) and (iii) are correct d) Only (iii) and (i) are correct

The shortest wavelength of Lyman series of hydrogen is equal to the shortest wavelength of Balmer series
of a hydrogen-like atom of atomic number Z. The value of Z is

a) 4 b) 2 c) 3 d)6

Figure shows five energy levels of an atom, one being much lower than the other four. Five transitions
between the levels are indicated, each of which produces a photon of definite energy and frequency

E,

Which one of the spectra below best corresponds to the set of transitions indicated?
Low Frequency :
(Low) (Hllgh)

a) b)

) d)

The wavelength of radiation required to excite the electron from first orbit to third orbit in a doubly
ionized lithium atom will be

a) 134.25 A b) 125.5 A c) 113.74 d) 1104

A hydrogen-like atom (atomic number Z) is in a 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 energies 10.2
eV and 17.0 eV, respectively. Alternatively, the atom from the same excited state can make transition to the
second excited state by successively emitting two photons of energies 4.25 eV and 5.95 eV, respectively.
The values of n and Z are, respectively,

a)6and 6 b) 3and 3 c) 6and 3 d)3and 6

Difference between n'™ and (n + 1)™ Bohr’s radius of hydrogen atom is equal to (n — 1)™" Bohr’ radius.
The value of n is

a) 1l b) 2 c)3 d) 4
When the hydrogen atom emits a photon in going from n = 5 to n = 1 state, its recoil speed is nearly
a) 107* ms™1 b)2x 1072 ms™?! c) 4ms~! d) 8 x 10> ms™?

In a hydrogen atom following the Bohr’s postulates, the product of linear momentum and angular
momentum is proportional to (n)* where ‘n’ is the orbit number. Then ‘x’ is

a)0 b) 2 c) —2 d)1
The angular momentum of an electron in a hydrogen atom is proportional to:
a) 1/vr b)1/r o) Vr d) r2

When photons of wavelength 4, are incident on an isolated sphere suspended by an insulated thread, the
corresponding stopping potential is found to be V. When photons of wavelength A1, are used, the
corresponding stopping potential was thrice the above value. If light of wavelength 45 is used, calculate the
stopping potential for this case

[13 E_Z] [/13 E_z_al [,13 Z_Z s A A
The ratio of maximum to minimum possible radiation energy in Bohr’s hypothetical hydrogen atom is

hc[ 1 1]
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equal to

a) 2 b) 4 c) 4/3 d) 3/2

In order to determine the value of Ej, a scientist shines photon (“light particles”) of various energies at a
cloud of atomic hydrogen. Most of the hydrogen atoms occupy the ground state. A detector records the
intensity of light transmitted through that cloud; see figure (a). Figure (b) is a graph of part of the
scientist’s data, showing the intensity of the transmitted light as a function of the photon energy. A
hydrogen atom’s electron is likely to absorb a photon only if the photon gives the electron enough energy

to knock it into a higher shell
Light
detector

Laser \
e T ; |

Glass container of
Atomic hydrogen

(a)

Intensity

T ]
4 .8 1.2 1.6

Photon energy (J x 10-18)
(b)
According to this experiment, what is the approximate value of E?
a) 1.6 x 10718 ] b)2.1x 10718] c) 3.2x10718] d)6.4x 10718]

Suppose two deuterons musts get as close as 10~1* m in order for the nuclear force to overcome the

repulsive electrostatic force. The height of the electrostatic barrier is nearest to

a) 0.14 MeV b) 2.3 MeV c) 1.8x 10 MeV d) 0.56 MeV

An electron of energy 11.2 eV undergoes an inelastic collision with a hydrogen atom in its ground state.

[Neglect recoiling of atom as my > m.]. Then in this case

a) The outgoing electron has energy 11.2 eV

b) The entire energy is absorbed by the H atom and the electron stops

c) 10.2 eV of the incident electron energy is absorbed by the H atom and the electron would come out with
1.0 eV energy

d) None of the above

The energy of an electron in an excited hydrogen atom is —3.4 eV. Then, according to Bohr’s Theory, the

angular momentum of this electron, in Js, is

a) 2.11 x 10734 b) 3 x 10734 c) 1.055 x 10734 d) 0.5 x 10734

If an X-ray tube operates at the voltage of 10 kV, find the ratio of the de Broglie wavelength of the incident

electrons to the shortest wavelength of X-rays produced. The specific charge of electron is 1.8 x 1011C kg

a) 1 b) 0.1 c) 1.8 d) 1.2

In Bohr’s model of hydrogen atom, let PE represent potential energy and TE the total energy. In going to a
higher orbit,

a) PE increases, TE decreases b) PE decreases, TE increases

c) PE increases, TE increases d) PE decreases, TE decreases

The recoil of speed of hydrogen atom after it emits a photon in going from n = 2 state to n = 1 state is
nearly [Take R, = 1.1 X 10’m~t and h = 6.63 x 10734 s]

a) 1.5ms™?! b)3.3ms™?! c) 45ms™?! d) 6.6 ms™?!

Transitions between three energy levels in a particular atom give rise to three spectral lines of
wavelength, in increasing magnitudes, 44, 1, and A3. Which one of the following equations correctly relates
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A1, A5 and 437

1 1 1 1 1 1
LAY LTE L
If the K,, radiation of Mo (Z = 42) has a wavelength of 0.71 A find the wavelength of the corresponding
radiation of Cu (Z = 29)
a)1A b)2A c) 1.52 A d)1.25 A
The ratio (in S.I. units) of magnetic dipole moment to that of the angular momentum of an electron of mass
m kg and charge e coulomb in Bohr’s orbit of hydrogen atom is

a)/‘11=12_A3 b)Al=A3_AZ

2) e b) e 0 2e d) None of these

2m m m
An electron in a hydrogen atom makes a transition from first excited state to ground state. The equivalent
current due to circulating electron:
a) Increases 2 times b) Increases 4 times c) Increases 8 times d) Remains the same
If potential energy between a proton and an electron is given by |U| = ke? /2R3, where e is the charge of
electron and R is the radius of atom, then radius of Bohr’s orbit is given by (h = Planck’s constant, k =

constant)
2 21,2 2 27,2
a)kem b)6ikem C)2_1rkem d)4n ke‘m
h? n? h? n h? n2h?

The power of an X-ray tube is 16 W. If the potential difference applied across the tube is 5 kV, then the
number of electron striking the target per second is

a) 8.4 x 101 b) 5 x 107 c) 2 x 106 d) 2 x 101°

An electron in H atom makes a transition from n = 3 ton = 1. The recoil momentum of H atom will be
a) 6.45 X 107%2’N's b) 6.8 X 1072’N's ) 6.45 X 107%*N s d) 6.8 x 1072*Ns
The potential energy of an electron in the fifth orbit of hydrogen atom is

a) 0.54eV b) —0.54 eV c) 1.08 eV d) —1.08 eV

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

a) 802 nm b) 823 nm c) 1882 nm d) 1648 nm

The radius of the Bohr orbit in the ground state of hydrogen atom is 0.5 A. The radius of the orbit of the
electron in the third excited state of He* will be

a)8A b)4 A c) 0.54 d) 0.25 A
When an electron jumps from nt" orbit to ni® orbit, the energy radiated is given by
a) hV:El/EZ b)hU:Ez/El C) hv:El_Ez d)hU:EZ_El

The voltage applied to an X-ray tube is 18 kV. The maximum mass of photon emitted by the X-ray tube will
be
a)2x 10713 kg b) 3.2 x 10736 kg c) 3.2x 10732 kg d) 9.1 x 10731 kg
In order to break a chemical bond in the molecules of human skin, causing sunburn, a photon energy of
about 3.5 eV is required. This corresponds to wavelength in the
a) Infrared region b) X-ray region c) Visible region d) Ultraviolet region
Which of the following is true when Bohr gave his model for hydrogen atom?
2) It was not known that hydrogen lines could be explained as differences of terms like R/n? with R being
a constant and n an integer
b) It was not known that positive charge is concentrated in a nucleus of small size
It was not known that radiant energy occurred in energy bundles defined by hv with h being a constant
and v a frequency
Bohr knew terms like R/n? and in the process of choosing the allowed orbits to fit them he got “angular
momentum = n;/2x as a deduction
Let v4 be the frequency of series limit of Lyman series, v, the frequency of the first line of Lyman series,
and v; the frequency of series limit of Balmer series. Then which of the following is correct?

1
a) vy — vy, = V3 b)v, —v; =3 c)v3=§(v1+v2) d)v, + v, =v3
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The wavelength of the second line of Balmer series in the hydrogen spectrum is 4861 A. The wavelength of
the first line is

27 . 20 )
a) 75 % 4861 A b) 75 X 4861 A c) 20 x 4861 A d) 4861 A

The orbiting speed v,, of e~ in the n'™™ orbit in the case of positronium is x-fold compared to that in nth

orbit in a hydrogen atom, where x has the value
a) 1 b) V2 <) 1/42 d) 2
The frequency of revolution of an electron in n'? orbit is f,. If the electron makes a transition from nt®

orbit to (n — 1)™ orbit, then the relation between the frequency (v) of emitted photon and f,, will be

a)v = f? b)v =./f, c)v=i d)v=f,

n
Electron with energy 80 keV are incident on the tungsten target of an X-ray tube. K shell electrons of

tungsten have —72.5 keV energy. X-rays emitted by the tube contain only

a) A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of —0.155 A
b) A continuous X-ray spectrum (Bremsstrahlung) with all wavelengths

c) A continuous X-ray spectrum of tungsten

d)

The wavelength of the first spectral line in the Balmer series of hydrogen atom is 6561 A. The wavelength

of the second spectral line in the Balmer series of singly ionized helium atom is

a) 1215 A b) 1640 A c) 2430 A d) 4687 A

An X-ray tube is operating at 150 kV and 10 mA. If only 1% of the electric power is converted into X-rays,

the rate at which the target is heated, in cal s71is

a) 3.57 b) 35.7 c) 4.57 d) 15

K, wavelength emitted by an atom of atomic number Z = 11 is A. The atomic number for an atom that

emits K, radiation with wavelength 441 is

a) 6 b) 4 c) 11 d) 44

Figure represents some of the lower energy levels of the hydrogen atom in simplified form

If the transition of an electron from E, to E, were associated with the emission of blue light, which one of

the following transitions could be associated with the emission of red light?
Ey4
Ey
E,

A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of 0.155 A and the
characteristic X-ray spectrum of tungsten

Energy

E,

a) E4 to El b) E3 to E1 C) E3 to Ez d) E1 to E3
h

Magnetic moment due to the motion of the electron in n'® energy of hydrogen atom is proportional to
a)n b) n° c) n® d) n3

Consider a hypothetical annihilation of a stationary electron with a stationary positron. What is the
wavelength of the resulting radiation?

h 2h h d) None of these
a) A= m_oc b) A = moc? c)A= _Zmocz
A neutron having kinetic energy 5 eV is incident on a hydrogen atom in its ground state. The collision
a) Must be elastic b) Must be completely inelastic
c) May be partially elastic d) Information is insufficient

When an electron accelerated by potential difference U is bombarded on a specific metal, the emitted X-
rays spectrum obtained is shown in figure. If the potential difference is reduced to U/3, the correct
spectrum is
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Am 2.53 1y, X-ray wavelength A

I A s
a) b) /
- > 3
" > A b.
1 I
c) d)
C. C.

The orbital velocity of an electron in the ground state is v. If the electron is excited to energy state
—0.54 eV, its orbital velocity will be

v % %
a)v b) 3 c) 3 d) 7
If the average life time of an excited state of hydrogen is of the order of 1078 s, then the number of
revolutions an electron will make when it is in n = 2 state before coming to ground state will be [Take
a, = 0.53 A and all standard data if required]
a) 107 b) 8 x 10° c) 2 x10° d) None of these
If an electron in n = 3 orbit of hydrogen atom jumps down to n = 2 orbit, the amount of energy released
and the wavelength of radiation emitted are
a) 0.85 eV, 6566 A b) 1.89 eV, 1240 A c) 1.89 eV, 6566 A d) 1.5eV, 6566 A
A proton of mass m moving with a speed v, approaches a stationary proton that is free to move. Assume
impact parameter to be zero, i.e., head-on collision. How close will the incident proton go to other proton?

e3 e3 e? d) None of the above
a) ——— b) ) —srj
TEEYM~ Vg TEYMV T[gomvo
In which of the following systems will the radius of the first orbit (n = 1) be minimum?
a) Doubly ionized lithium b) Singly ionized helium
c) Deuterium atom d) Hydrogen atom

In X-ray tube, when the accelerating voltage V is halved, the difference between the wavelength of K, line
and minimum wavelength of continuous X-ray spectrum

a) Remains constant b) Becomes more than two times

c) Becomes half d) Becomes less than two times

When an electron jumps from a level n = 4 to n = 1, the momentum of the recoiled hydrogen atom will be
a) 6.5 X 1072’kgm 1 b) 12.75 x 10~ kg ms~!

c) 13.6 x 107%’kgm s~ d) Zero

Two electrons are revolving around a nucleus at distances ‘r’ and ‘4r’. The ratio of their period is

a) 1:4 b) 4:1 c) 8:1 d) 1:8

A stationary hydrogen atom of mass M emits a photon corresponding to the first line of Lyman series. If R

is the Rydberg’s constant, the velocity that the atom acquires is
3Rh Rh Rh Rh
a) —— b) — c) — d) —
4 M 4M 2M M
Monochromatic radiations of wavelength A are incident on a hydrogen sample in ground state. Hydrogen
atom absorbs the light and subsequently emits radiations of 10 different wavelengths. The value of A is
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nearly

a) 203 nm b) 95 nm c) 80 nm d) 73 nm

If n > 1, then the dependence of frequency of photon emitted as a result of transition of an electron from
nt™ orbit to (n — 1)™ orbit, on n will be

1 1 1 1
a) v o — b)v o« — Jvae— d)v o —
n n n n

The ionization potential of H atoms is 13.6 V. The energy difference between n = 2 and n = 3 levels is
nearest to

a)1.9eV b) 2.3 eV c) 3.4eV d) 4.5eV

In the spectrum of singly ionized helium, the wavelength of a line observed is almost the same as the first
line of Balmer series of hydrogen. It is due to transition of electron

a) Fromn; = 6ton, =4 b) Fromn; =5ton, =3

c) Fromn; =4ton, =2 d) Fromn; =3ton, =2

A hydrogen atom is in an excited state of principal quantum number n. It emits a photon of wavelength A
when it returns to the ground state. The value of n is

a) JARGR — 1) b) /% 9 /ARME : d) JAR = 1)

A sample of hydrogen is bombarded by electrons. Through what potential difference should the electrons
be accelerated so that third line of Lyman series be emitted?

a) 255V b) 10.2V c) 12.09V d) 12.75V

A beam of 13.0 eV electrons is used to bombard gaseous hydrogen. The series obtained in emission spectra
is/are

a) Lyman series b) Balmer series c) Bracket series d) All of these
The ratio of minimum to maximum wavelength in Balmer series is
a) 5:9 b) 5:36 c) 1:4 d) 3:4

An electron with kinetic energy E eV collides with a hydrogen atom in the ground state. The collision is
observed to be elastic for
AJ0<E<oo b)0 < E <10.2eV ) 0<E<13.6eV d)0<E<34eV

The electric potential between a proton and an electron is given by V =V In rL , Where 1y is a constant.
0

Assuming Bohr’s model to be applicable, write variation of 1, with n, n being the principal quantum
number?

a)m, X n b) 7, o< — ) 1, x n? d)r, « =
n n

Which of the following statement is true regarding Bohr’s model of hydrogen atom?

(D) Orbiting speed of an electrons decreases as it falls to discrete orbits away from the nucleus

(IT) Radii of allowed orbits of electrons are proportional to the principal quantum number

(III) Frequency with which electrons orbit around the nucleus in discrete orbits is inversely proportional
to the cube of principal quantum number

(IV) Binding force with which the electron is bound to the nucleus increase as it shifts to outer orbits
Select the correct answer using the codes given below:

a) land Il b) Il and IV c) I, and III d) IL, Ill and IV
Hydrogen atoms in a sample are excited to n = 5 state and it is found that photons of all possible
wavelengths are present, in the emission spactra. The minimum number of hydrogen atoms in the sample
would be

a)5 b) 6 c) 10 d) Infinite

The circumference of the second Bohr orbit of electron in hydrogen atom is 600 nm. The potential
difference that must be applied between the plates so that the electrons have the de Broglie wavelength
corresponding in this circumference is

5
a) 1075V b) 3% 1075V c)5x107°V d)3x1075V
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The wavelength of the spectral line that corresponds to a transition in hydrogen atom from n = 10 to
ground state would be [In which part of electromagnetic spectrum this line lies?]

a) 92.25 nm, ultraviolet  b) 92.25 nm, infrared c) 86.95 nm, ultraviolet d) 97.65 nm, ultraviolet
A photon collides with a stationary hydrogen atom in ground state inelastically. Energy of the colliding
photon is 10.2 eV. Almost instantaneously, another photon collides with same hydrogen atom inelastically
with an energy of 15 eV. What will be observed by the detector?

a) Two photons of energy 10.2 eV

b) Two photon of energy 1.4 eV

c) One photon of energy 10.2 eV and one electron of energy 1.4 eV

d) One electron having kinetic energy nearly 11.6 eV

In hydrogen spectrum, the shortest wavelength in Balmer series is A. The shortest wavelength in Brackett
series will be

a) 21 b) 41 c) 91 d) 164

One of the lines in the emission spectrum of Li?* has the same wavelength as that of the 2nd line of Balmer
series in hydrogen spectrum. The electronic transition corresponding to this line is

ajn=4-n=2 b)n=8-n=2 cgn=8-n=4 dn=12-n=26

The wavelength of the first line of Balmer series is 6563 A. The Rydberg’s constant is

a) 1.09 x 10> perm™*  b) 1.09 X 10 perm™*  ¢) 1.097 X 10’ perm~*  d) 1.09 x 108 per m™~?!

A hydrogen atom and a Li** ion are both in the second excited state. If £i; and £y are their respective
electronic angular momenta, and Ey and Ej; their respective energies, then

a) ¥y < fyrand |Ey| > |Ey| b) £y = ¢y and |Ey| < |Ey

c) ¥y = frrand |Ey| > |Ey| d) ¢y < fyrand |Ey| < |Ey|

Given: mass number of gold = 197, density of gold= 19.7 g cm™3, Avogadro’s number = 6 X 1023, The
radius of the gold atom is approximately:

a) 1.5x 1078 m b)1.5%x 10 m €) 1.5x107%m d)1.5x 1072 m
Magnetic field at the center (at nucleus) of the hydrogen-like atoms (atomic number = z) due to the
motion of electron in n™" orbit is proportional to

n3 n4 72 23
a) — b) — c) — d) —

) z5 ) z ) n3 )n5
The recoil speed of a hydrogen atom after it emits a photon in going from n = 5 state ton = 1 state is
a) 4.718 ms™1 b) 7.418 ms™? c) 4178 ms™?! d) 7.148 ms™?

The wavelength K, of X-rays produced by the X-ray tube is 0.76 A. The atomic number of the node
material of the tube is

a) 30 b) 40 c) 50 d) 60

The force acting on the electron in a hydrogen atom depends on the principal quantum number as

2 1 4 1
a)Fuxn b)Fx— c) Fxn d) F o —
n n
As the quantum number increases, the difference of energy between conservative energy levels:
a) Decreases b) Increases
c) First decreases and then increases d) Remain the same

If 10,000 V are applied across an X-ray tube, find the ratio of wavelength of the incident electrons and
shortest wavelength of X-ray coming out of the X-ray tube, given e/m, of electron = 1.8 x 10!*C kg™!

a) 1:10 b) 10:1 c) 5:1 d) 1:5
The maximum angular speed of the electron of a hydrogen atom in a stationary orbit is
a) 6.2 x 10 rad s™* b) 4.1 x 10*® rad s™1 c) 24 x 10%rad s™? d) 9.2 x 10° rad s~ ¢

In interpreting Rutherford’s experiments on the scattering of alpha particles by thin foils, one must
examine what were the known factors, and what did the experiment conclude. Which of the following are
true in this context?

a) The number of electrons in the target atom (i.e., Z) was settled by these experiments

b) The validity of Coulomb’s law for distance as small as 10~!3 was known before these experiments
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113.

114.
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116.
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118.

c) The experiments settled that size of the nucleus could not be larger than a certain value

d) The experiments also settled that size of the nucleus could not be smaller than a certain value

An electron jumps from the 4t orbit to the 2nd orbit of hydrogen atom. Given: the Rydberg’s constant
= 10° cm™1. The frequency, in Hz, of the emitted radiation will be

3 3 9 9
— X 10° b) — x 1015 — x 10° d) — x 105
)16 )% ) 16 )16
The angular momentum of an electron in first orbit of Li** ion is
3h 9h h h
a) — b) — c) — d)—
) 2 ) 2m ) 2 ) 61

A neutron moving with a speed v makes a head-on collision with a hydrogen atom in ground state kept at
rest. The minimum kinetic energy of the neutron for which inelastic collision will take place is (assume
that mass of proton is nearly equal to the mass of neutron)

a) 10.2 eV b) 20.4 eV c) 12.1eV d) 16.8 eV

An electron and a photon have same wavelength. If p is the momentum of electron and E the energy of
photon, the magnitude of p/E is S.I. unit is

a) 3.0 x 108 b) 3.33 x 107° c) 9.1 x 10731 d) 6.64 x 10734

An electron revolving in an orbit of radius 0.5 A in a hydrogen atom executes 10'® revolutions per second.
The magnetic moment of electron due to its orbital motion will be

a) 1.256 X 10723A m? b) 653 x 1072°A m? c) 1073A m? d) 256 x 1072°A m?

The frequency of emission line for any transition in positronium atom (consisting of a positron and an
electron) is x times the frequency for the corresponding line in the case of H atom, where x is

a) V2 b) 1/2v2 ) 1/2V2 d) 1/2
If the potential difference applied across a Coolidge tube is increased, then
a) Wavelength of K, will increase b) Apmin Will increase
Difference between wavelength of K, and A,,;;,  d) None of these
increases
If R is the Rydberg constant for hydrogen, then the wave number of the first line in the Lyman series is
R R 3R
a) 5 b) 2R c) 7 d) R
How many revolutions does an electron complete in one second in the first orbit of hydrogen atom?
a) 6.62 x 101° b) 100 c) 1000 d)1
Angular momentum (L) and radius (r) of a hydrogen atom are related as
a) Lr = constant b) Lr? = constant ¢) Lr* = constant d) None of these

The total energy of an electron in the ground state of hydrogen atom is —13.6 eV. The potential energy of
an electron is the ground state of Li>* ion will be

a) 122.4 eV b) —122.4 eV c) 244.8eV d) —244.8 eV

If elements with principal quantum number n > 4 were not allowed in nature, the number of possible
elements would have been

a) 32 b) 60 c) 64 d) 4

An electron collides with a hydrogen atom in its ground state and excites it to n = 3. The energy given to
hydrogen atom in this inelastic collision is [Neglect the recoiling of hydrogen atom]

a) 10.2eV b) 12.1 eV c) 12.5eV d) None of these

In terms of Rydberg constant R, the shortest wavelength in Balmer series of hydrogen atom spectrum will
have wavelength

a) 1/R b) 4/R c) 3/2R d) 9/R

An atom emits a spectral line of wavelength 4 when an electron makes a transition between levels of
energy E; and E,. Which expression correctly relates 4, E; and E,?

hc 2hc 2hc hc
V=75 b)A=rTE, V=5 "% VA= "F,
In which of the following transitions will the wavelength be minimum?
ajny =5ton, =4 b)n, =4 ton, =3 c)n,=3ton, =2 dn =2ton, =1
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129.

130.

An electron in a Bohr orbit of hydrogen atom with the quantum number n, has an angular momentum
4.2176 x 1073* kg m?s~2. If the electron drops from this level to the next lower level, the wavelength of
this line is
a) 18 nm b) 187.6 pm c) 1876 A d) 1.876 x 10* A
In hydrogen and hydrogen-like atoms, the ratio of E,,, — E,,, and E,,, — E,, varies with atomic number z
and principal quantum number n as

z? z* z
a) = b) s ) -
The wavelength of first line of Lyman series in hydrogen atom is 1216. The wavelength of first line of
Lyman series for 10 times ionized sodium atom will be added
a) 0.1A b) 1000 A c) 100 A d) 104
An alpha particle of energy 5 MeV is scattered through 180° by a fixed uranium nucleus. The distance of
the closest approach is of the order of
a) 10715 cm b) 10713 cm c) 10712 cm d) 1071° cm
Figure shows the electron energy levels, referred to the ground state (the lowest possible energy) as zero,
for five different isolated atoms. Which atom can produce radiation of the shortest wavelength when

atoms in the ground state are bombarded with electrons of energy W?

d) None of these

A B C D
a) A b) B c)C d)D
Figure shows Moseley’s plot between \/7 and Z, where f is the frequency and Z is the atomic number.
Three lines 4, B and € shown in the graph may represent

JfA
A
B
C
0 > 7
a) Ka, Kp and K, lines, respectively b) Ky, Kp and K|, lines, respectively
c) K,, L, and M, lines, respectively d) Nothing
The ionization energy of the ionized sodium atom Na®* is:
a) 13.6 eV b) 13.6 X 11 eV c) (13.6/11) eV d) 13.6 x (11%) eV

Determine the maximum wavelength that hydrogen in its ground state can absorb. What would be the
next smaller wavelength that would work?

a) 133 nm b) 13.3 nm c) 10.3 nm d) 103 nm
The longest wavelength that a singly ionised helium atom in its ground state will absorb is
a) 912 A b) 304 A c) 606 A d) 1216 A

Let the potential energy of a hydrogen atom in the ground state be zero. Then, its energy in the first
excited state will be

a) 10.2 eV b) 13.6 eV c) 23.8eV d) 27.2 eV

Which of the following parameters are the same for all hydrogen-like atoms and ions in their ground
states?

a) Radius of the orbit b) Speed of the electron

c) Energy of the atom d) Orbital angular momentum of the electron

The minimum kinetic energy required for ionization of a hydrogen atom is E is case electron is collided
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141.

142.

143.

with hydrogen atom. It is E, if the hydrogen ion is collided and E3; when helium ion is collided. Then,
a)E1=E2=E3 b)E1>E2>E3 C)E1<E2<E3 d)E1>E3>E2

If 13.6 eV energy is required to ionize the hydrogen atom, then the energy required to remove an electron
fromn = 2is

a) 10.2 eV b) 0 eV c) 3.4eV d) 6.8 eV
The energy change is greatest for a hydrogen atom when its state changes from
ajn=2ton=1 b)n=3ton=2 cJn=4ton=3 din=5ton=4

If a hydrogen atom emits a photon of energy 12.1 eV, its orbital angular momentum changes by AL. Then,
AL equals orbital angular momentum changes by AL. Then, AL equals

a) 1.05 x 10734 s b) 2.11 X 10734 s c) 3.16 x 10734 s d) 4.22 x 10734

X-rays emitted from a copper target and a molybdenum target are found to contain a line of wavelength
22.85 nm attributed to the K, line of an impurity element. The K, lines of copper (Z = 29) and
molybdenum (Z = 42) have wavelengths 15.42 nm and 7.12 nm, respectively. The atomic number of the
impurity element is

a) 22 b) 23 c) 24 d) 25

In the Bohr model of a m-mesin atom, a m-menon of mass m, and of the same charge as the electron is in a
circular orbit of radius r about the nucleus with an orbital angular momentum h /2. If the radius of a

nucleus of atomic number Z is given by R = 1.6 X 10-1573 m, Then the limit on Z for which (gyh? /rme? =
0.53 A and m,;/m, = 264) m-mesic atoms might exist is

a) < 105 b) > 105 c) <37 d) > 37

The electron in a hydrogen atom jumps from ground state to the higher energy state where its velocity is
reduced to one-third its initial value. If the radius of the orbit in the ground state is r, the radius of new
orbit will be

r r
a) 3r b) 9r c) 3 d) 5
In which of the following transitions will the wavelength be minimum?
ajn=5ton=4 b)n=4ton =3 cJn=3ton=2 dn=2ton=1
The approximate value of quantum number n for the circular orbit of hydrogen of 0.0001 mm in diameter
is
a) 1000 b) 60 c) 10000 d) 31
Electrons in a hydrogen-like atom (Z = 3) make transitions from 4t excited state to 3rd excited state and
from 3rd to 2nd excited state. The resulting radiations are incident on a metal plate to eject photoelectrons.
The stopping potential for photoelectrons ejected by the shorter wavelength is 3.95 V. The stopping
potential for the photoelectrons ejected by the longer wavelength is
a)2.0V b) 0.75V c) 0.6V d) None of the above
The velocity of an electron in the first orbit of H atom is v. The velocity of an electron in the 2n orbit of
Het is

v v
a) 2v b) v c) > d) 7

The radius of hydrogen atom in the ground state is 5.3 X 1071 m. When struck by an electron, its radius is
found to be 21.2 x 107! m. The principal quantum number of the final state will be
a)l b) 2 c)3 d) 4
The minimum energy to ionize an atom is the energy required to

a) Add one electron to the atom

b) Excite the atom from its ground state to its first excited

c) Remove one outermost electron from the atom

d) Remove one innermost electron from the atom

The shortest wavelength produced in an X-ray tube operating at 0.5 million volt is
a) Dependent on the target element

b) About 2.5 X 10712 m

c) Double of the shortest wavelength produced at 1 million volt
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155.

156.

157.

d) Dependent only on the target material

The shortest wavelength of the Brackett series of a hydrogen-like atom (atomic number = z) is the same
as the shortest wavelength of the Balmer series of hydrogen atom. The value of z is

a) 2 b) 3 c) 4 d)6

A sample of hydrogen atoms is in excited state (all the atoms). The photons emitted from this sample are
made to pass through a filter through which light having wavelength greater than 800 nm can only pass.
Only one type of photons are found to pass the filter. The sample’s excited state initially is [Take

hc = 1240 eV-nm, ground state energy of hydrogen atom = —13.6 eV]

a) 5t excited state b) 4th excited state c) 3rd excited state d) 2nd excited state

If first excitation potential of a hydrogen-like atom is V electron volt, then the ionization energy of this
atom will be

a) V electron volt b) % electron volt

0) AV electron volt d) Cannot be calculated by given information
3

In a hydrogen atom, the electron makes a transition from n = 2 ton = 1. The magnetic field produced by
the circulating electron at the nucleus

a) Decreases 16 times b) Increases 4 times c) Decreases 4 times d) Increases 32 times
Hydrogen atoms are excited from ground state to the state of principal quantum number 4. Then, the
number of spectral lines observed will be

a)3 b) 6 )5 d) 2

The electric potential energy between a proton and an electron is given by U = U, In /1y, where 1y is a
constant. Assuming Bohr’ model to be applicable, write variation of r with n, n being the principal
quantum number

a)m, xn b)nr, x 1/n c) 1, o n? d)n, x 1/n?

The angular momentum of an electron in an orbit is quantized because it is a necessary condition for the
compatibility with

a) Wave nature of electron b) Particle nature of electron

c) Pauli’s exclusion behavior d) None of these

A beam of electron accelerated by a large potential difference V is made to strike a metal target to produce
X-rays. For which of the following values of V, will the resulting X-rays have the lowest minimum
wavelength?

a) 10 kv b) 20 kV c) 30kV d) 40 kV

A K, X-ray emitted from a sample has a energy of 7.46 keV. Of which element is the sample made?
a) Calcium (Ca, Z = 20) b) Cobalt (Co Z = 27)

c) Cadmium (Cd Z = 48) d) Nickel (Ni, Z = 28)

In the above question, if the scientist continues taking data at higher photon energies, he will find the next
major “dip” in the intensity graph at what photon energy?

1 8

The photon radiated from hydrogen corresponding to 2nd line of Lyman series is absorbed by a hydrogen-
like atom ‘X’ in 2nd excited state. As a result then, the hydrogen-like atom ‘X’ makes a transition of n® orbit

a)X=Het,n=4 b)X=Li*t,n=6 c) X=Het,n=6 d)X=Li""\n=9

If the atom ;ooFm?%7 follows the Bohr model and the radius of ;5oFm?%7 is n times the Bohr radius, then
find n.

a) 100 b) 200 c) 4 d) 1/4

In a hypothetical system, a particle of mass m and charge —3q is moving around a very heavy particle

charge q. Assume that Bohr’s model is applicable to this system, then velocity of mass m in firsts orbit is
3q? 3q? 3q 3q

a)

b C d
2e0h ) 4eoh ) 2megh ) 4megh
The electron in a hydrogen atom makes a transition from n = n, to n = n, state. The time period of the
electron in the initial state is eight times that in the final state. The possible values of n, and n, are
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ajn, =4,n, =2 b)n, =8,n, =2 cjn, =8n, =3 d)n, =6,n, =2
When a hydrogen atom is raised from the ground state to fifth state:

a) Both KE and PE increase b) Both KE and PE decrease
c) PE increases and KE decreases d) PE decreases and KE increases
If the radius of an orbit is r and the velocity of electron in it is v, then the frequency of electron in the orbit
will be
21 vr v
a) 2mrv b) o c) o d oy

Two hydrogen atoms are in excited state with electrons residing in n = 2. The first one is moving towards
left and emits a photon of energy E; towards right. The second one is moving towards right with same
speed and emits a photon of energy E, towards left. Taking recoil of nucleus into account, during the
emission process

a) E; > E, b) E; < E,

) Ei=E, d) Information insufficient

The wavelength of K, X-rays of two metals ‘A’ and ‘B’ are 4/1875R and 1/675R, respectively, where ‘R’ is
Rydberg’s constant. The number of elements lying between ‘A’ and ‘B’ according to their atomic numbers
is

a)3 b) 6 c)5 d) 4

In a hydrogen atom, the transition takes place from n = 3 ton = 2. If Rydberg’s constant is 1.09 x 10’m™1,
the wavelength of the line emitted is

a) 6606 A b) 4861 A c) 4340 A d) 4101 A

If 2, and A, are the wavelength of the first members of the Lyman and Paschen series, respectively, then
A: Ay is

a) 1:3 b) 1:30 c) 7:50 d) 7:108

Three photons coming from excited atomic-hydrogen sample are picked up. Their energies are 12.1 eV,
10.2 eV, and 1.9 eV. These photons must come from

a) A single atom b) Two atoms

c) Three atoms d) Either two atoms or three atoms

Whenever a hydrogen atom emits a photon in the Balmer series

a) It need not emit any more photon

b) It may emit another photon in the Paschen series

c) It must emit another photon in the Lyman series

d) It may emit another photon in the Balmer series

The element which has a K,, X-rays line of wavelength 1.8 A is

(R=1.1x10"m™%,b = 1and+/5/33 = 0.39)

a) Co, Z =27 b) Iron, Z = 26 c) Mn, Z =25 d) Ni, Z = 28
The angular momentum of an electron in hydrogen atom is 4h/2m. Kinetic energy of this electron is
a) 4.35eV b) 1.51 eV c) 0.85eV d) 13.6 eV

If wavelength of photon emitted due to transition of an electron from third orbit to first orbit in a
hydrogen atom is 4, then the wavelength of photon emitted due to transition of electron from fourth orbit

to second orbit will be

25 36 125
- b) — — d) —
a)27/'l )9/1 C)7/1 )11/1

If the electron in an hydrogen atom jumps from an orbit with level n; = 3 to an orbit with level ny = 2, the
emitted radiation has a wavelength given by

R 36 6 5R
=— b))l =— = — d)1=—
a) 4 6 )4 5R 2 R )4 36
The speed of electrons in the second orbit of Be3* ion will be
c 2c 3c 4c
— b) —— el d) —
) 137 )37 9137 ) 137
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Multiple Correct Answers Type

In an X-ray tube, the voltage applied is 20 kV. The energy required to remove an electron from L shell is
19.9 keV. In the X-rays emitted by the tube,

a) Minimum wavelength will be 62.1 nm

b) Energy of the characteristic x-rays will be equal to or less than 19.9 keV

c) L, X-ray may be emitted

d) L, X-ray will have energy 19.9 keV

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

Which of the following products, in a hydrogen atom, are independent of the principal quantum number n?
The symbols have their usual meanings

a) wr b) Ez c) vir d) E
% r
The shortest wavelength of X-rays emitted from an X-ray tube depends on
a) The current in the tube b) The voltage applied to the tube
c) The nature of the gas in the tube d) The atomic number of the target material

In Bohr’s model of hydrogen atom:

a) The radius of n*® orbit is proportional to n?

b) The total energy of electron in n'" orbit proportional to n

¢) The angular momentum of the electron in an orbit is an integral multiple of h /27

d) The magnitude of the potential energy of an electron in any orbit is greater than its kinetic energy
An X-ray tube is operating at 50 kV and 20 mA. The target material of the tube has mass of 1 kg and
specific heat 495 ] kg~1°C~1. One percent of applied electric power is converted into X-rays and the
remaining energy goes heating the target. Then,

a) A suitable target material must have high melting temperature

b) A suitable target material must have low thermal conductivity

c) The average rate of rise of temperature of the target would be 2°C s™1

d) The minimum wavelength of X-rays emitted is about 0.25 x 10719 m

In Bohr’ model of the hydrogen atom

a) The radius of the n™® orbit is proportional of n?

b) The total energy of the electron in n™ orbit is inversely proportional to n

c) The angular momentum of the electron in an orbit is an integral multiple of h/24

d) The magnitude of potential energy of the electron in any orbit is greater than its KE

Suppose the potential energy between an electron and a proton at a distance r is given by Ke? /373,
Application of Bohr’s theory to hydrogen atom in this cases shows that:

a) Energy in the n'™® orbit is proportional to n®

b) Energy is proportional to m™3 (m =mass of electron)

c) Energy in the n'" orbit is proportional to n=2

d) Energy is proportional to m3(m = mass of electron)

If the potential energy of the electron in the first allowed orbit in hydrogen atom is E; its

a) lonization potential is —E /2 b) Kinetic energy is - E /2

c) Total energy is E /2 d) None of these

The electron in a hydrogen atom makes a transition n; = n,, where n; and 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; and n, are
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ajn, =4,n, =2 b)n, =8n, =2 cAn,=8n,=1 dn, =6n, =3

A hydrogen atom having kinetic energy E collides with a stationary hydrogen atom. Assume all motions
are taking place along line of motion of the moving hydrogen atom. For this situation, mark out the correct
statement(s)

a) For E > 20.4 eV only, collision would be elastic

b) For E > 20.4 eV only, collision would be inelastic

c) For E = 2.4 eV, collision would be perfectly inelastic

d) For E = 18 eV, the KE of initially moving hydrogen atom after collision is zero

Whenever a hydrogen atom emits a photon in the Balmer series:

a) It may emit another photon in the Balmer series

b) It must emit another photon in the Lyman series

c) The second photon, if emitted, will have a wavelength of about 122 nm

d) It may emit a second photon, but the wavelength of this photon cannot be predicted

Which of the following statements are correct for an X-ray tube?

a) On increasing potential difference between the filament and target, photon flux of X-rays increases

b) On increasing potential difference between the filament and target, frequency of X-rays increases

c) On increasing filament current, cut-off wavelength increases

d) On increasing filament current, intensity of X-rays increases

Imagine an atom made up of a proton and a hypothetical particle of double the mass of the electron but
having the same charge as the electron. Apply the Bohr atom model and consider all possible transitions of
this hypothetical particle to the first excited level. The longest wavelength photon that will be emitted has
wavelength 4 (giving in terms of the Rydberg constant R for the hydrogen atom) equal to

a) 9/(5R) b) 36/(5R) c) 18/(5R) d) 4/R

A gas of monoatomic hydrogen is bombarded with a stream of electrons that have been accelerated from
rest through a potential difference of 12.75 V. In the emission spectrum, one can observe lines of

a) Lyman series b) Balmer series c) Paschen series d) Pfund series

Let A,, be the area enclosed by the n'? orbit in a hydrogen atom. The graph of In (4,,/A4;) against In(n)

a) Will pass through origin

b) Will be a straight line with slope 4

c) Will be monotonically increasing nonlinear curve

d) Will be a circle

Which of the following statements are true?

a) The shortest wavelength of X-rays emitted from an X-ray tube depends on the current in the tube

b) Characteristic X-ray spectra is sample as compared to optical spectra

c) X-rays cannot be diffracted by means of an ordinary grating

d) There exists a sharp limit on the short wavelength side for each continuous X-ray spectrum

Which of the following are in the ascending order of wavelength?

a) He, Hp, Hy ... lines in Balmer series of hydrogen atom

b) Lyman limit, Balmer limit, and Paschen limit in the hydrogen spectrum

c) Violet, blue, yellow, and red colors in solar spectrum

d) None of the above

The transition from the state n = 4 ton = 3 in a hydrogen-like atom results in ultra violet radiations.
Infrared radiation will be obtained in the transition

a)2-1 b)3 -2 c)4-2 d)5-

As per Bohr model, the minimum energy (in eV), required to remove an electron from the ground state of
doubly ionized Li atom (Z = 3) is

a) 1.51 b) 13.6 c) 40.8 d) 122.4

Energy liberated in the de-excitation of hydrogen atom from 3rd level to 1stlevel falls on a photo-cathode.
Later when the same photo-cathode is exposed to a spectrum of some unknown hydrogen-like gas, excited
to 2nd energy level, it is found that the de Broglie wavelength of the fastest photoelectrons now ejected has
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decreased by a factor of 3. For this new gas, difference of energies of 2nd Lyman line and 1st Balmer line is
found to be 3 times the ionization potential of the hydrogen atom. Select the correct statement(s):

a) The gas is lithium b) The gas is helium

c) The work function of photo-cathode is 8.5 eV d) The work function of photo-cathode is 5.5 eV
Which of the following statements about hydrogen spectrum are correct?

a) All the lines of Lyman series lie in ultraviolet region

b) All the line of Balmer series lie in visible region

c) All the lines of Paschen series lie in infrared region

d) None of the above

The third line of the Balmer series spectrum of a hydrogen like ion of atomic number Z equals to 108.5 nm.
The binding energy of the electron in the ground state of these ions is Eg. Then

a)Z =2 b) Eg = 54.4 eV c)Z=3 d) Eg = 122.4 eV
The potential difference applied to an X-ray tube is increased. As a result, in the emitted radiation
a) The intensity increases b) The minimum wavelength increases
¢) The intensity remains unchanged d) The minimum wavelength decreases

If elements with principal quantum number n > 4 were not allowed in nature, the number of possible
elements would be

a) 60 b) 32 c) 4 d) 64

According to Bohr’s theory of hydrogen atom, for the electron in the n™" permissible orbit

. 1 . .
a) Linear momentum o< — b) Radius of orbit x n

N 1
c) Kinetic energy « = d) Angular momentum < n

According to Einstein’s theory of relativity, mass can be converted into energy and vice-versa. The lightest

elementary particle, taken to be the electron, has a mass equivalent to 0.51 MeV of energy. Then, we can

say that

a) The minimum amount of energy available through conversion of mass into energy is 1.2 MeV

b) The least energy of a y-ray photon that can be converted into mass is 1.02 MeV

0 Whereas the minimum energy released by conversion of mass into energy is 1.02 MeV, it is only a y-ray
photon of energy 0.51 MeV and above that can be converted into mass

Whereas the minimum energy released by conversion of mass into energy is 0.51 MeV, it is only a y-ray

photon of energy 1.02 MeV and above that can be converted into mass

X-ray from a tube with a target A of atomic number Z shows strong K lines for target A and weak K lines

for impurities. The wavelength of K, lines is A, for target A and 4; and A, for two impurities

Ay A, 1
22 — 4andZ ==
Al a dzz 4

Assuming the screening constant of K, lines to be unity, select the correct statement(s)
a) The atomic number of first impurity is 2z — 1

b) The atomic number of first impurity is 2z + 1

c¢) The atomic number of second impurity is —(Z;rl)

d) The atomic number of second impurity is g +1

According to Bohr’s theory of the hydrogen atom, for the electron in the n'" allowed orbit:

a) The linear momentum is proportional to (1/n)  b) The radius is proportional to n

c) The kinetic energy is proportional to (1/n?) d) The angular momentum is proportional to n
Consider the spectral line resulting from the transition n = 2 - n = 1 in the atoms and ions given below.
The shortest wavelength is produced by

a) Hydrogen atom b) Deuterium atom

c) Singly ionized helium d) Doubly ionized lithium

When a hydrogen atom is excited from ground state to first excited state, then

a) Its kinetic energy increases by 20 eV b) Its kinetic energy decreases by 10.2 eV

c) Its potential energy increases by 20.4 eV d) Its angular momentum increases by 1.05 x 10734
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Is
202. The K, X-ray emission line of tungsten occurs at A = 0.02 nm. The energy difference between K and L
levels in this atom is about
a) 0.51 MeV b) 1.2 MeV c) 59 MeV d) 13.6 MeV
203. Electrons with energy 80 keV are incident on the tungsten target of an X-ray tube. K shell electrons of
tungsten have —72.5 keV energy. X-rays emitted by the tube contain only
a) A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of —0.155 A
b) Continuous X-ray spectrum (Bremsstrahlung) with all wavelengths

c) The characteristic X-ray spectrum of tungsten
d) A continuous X-ray spectrum (Bremsstrahlung) with a minimum wavelength of —0.155 A and the
characteristic X-ray spectrum of tungsten

204. Suppose frequency of emitted photon is fy when the electron of a stationary hydrogen atom jumps from a
higher state m to a lower state n. If the atom is moving with a velocity v (< ¢) and emits a photon of
frequency f during the same transition, then which of the following statements are possible?
a) f may be equal to f b) f may be greater than f,
c) f may be less than f, d) f cannot be equal to f;

205. In Bohr’s model of the hydrogen atom, let R,V, T, and E represent the radius of the orbit, speed of the
electron, time period revolution of electron, and the total energy of the electron, respectively. The
quantities proportional to the quantum number n are

a) VR b) RE c)

x|~

|4
d) =
)E

206. Which of the following statements are correct?
2) If angular momentum of the Earth due to its motion around the Sun were quantized according to the
Bohr's relation L = nh/2m, then the quantum number n would be of the order of 1074
b) If elements with principal quantum number >4 were not allowed in nature, then the number of possible
elements would be 64
c) Rydberg’s constant varies with mass number of the element

d)

207. The intensity of X-rays from a Coolidge tube is plotted against wavelength A as shown in figure. The
minimum wavelength found is A, and the wavelength of the K, line is Ak. As the accelerating voltage is

The ratio of the wave number of H, line of Balmer series for hydrogen and that of H, line of Balmer
series for singly ionized helium is exactly 4

increased
A
AcC AK A
a) Ax — A¢ increases b) Ay — Ac decreases c) Ak increases d) Ag decreases

208. If, in a hydrogen atom, radius of n™ Bohr orbit is 7, frequency of revolution of electron in n*® orbit is f,,

and area enclosed by the n*® orbit is 4,,, then which of the following graphs are correct?
A

Ty

a) b) log

rn
r

\J

7] —>logn
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209.

210.

211.

212.

213.

214.

215.

216.

217.

n

A
A_”’] log [—
1 d) /1

T f

- 7 — logn

Mark out the correct statement(s)

a) Line spectra contain information about atoms only

b) Line spectra contain information about both atoms and molecules

c) Band spectra contain information about both atoms and molecules

d) Band spectra contain information about molecules only

Continuous spectrum is produced by

a) Incandescent electric bulb b) Sun

c) Hydrogen molecules d) Sodium vapor lamp

X-rays are produced in an X-ray tube operating at a given accelerating voltage. The wavelength of the
continuous X-rays has values from

a) 0 and oo b) Apin to oo; where A, > 0

c) 0to Apax; Where Apax < d) Amin t0 Apax; Where 0 < A i <

For a certain metal, the K absorption edge is at 0.172 A. The wavelength of K,,, Kg and K,, lines of K series

are 0.210 A, 0.192 A, and 0.180 A, respectively. The energies of K, L, and M orbits are E, E1, and Ey,
respectively. Then

a) Ex = —13.04 keV b) E;, = —7.52 keV c) Emy = —3.21keV d) Ex = 13.04 keV
The X-ray beam coming from an X-ray tube will be

a) Monochromatic

b) Having all wavelengths smaller than a certain maximum wavelength

c) Having all wavelengths larger than a certain minimum wavelength

d) Having all wavelengths lying between a minimum and a maximum wavelength

Let A4, 4 and 4, denotes the wavelength of the X-rays of the K, Kz and L, lines in the characteristic X-

rays for a metal. Then,

11 1 1_1 1
S WA = 7

Hydrogen atoms absorb radiation of wavelength 1y and consequently emit radiations of 6 different

a) dg > g > Ag b) de > g > A4

wavelength of which two wavelengths are shorter than A,. Then,

a) The final excited state of the atoms isn = 4

b) The initial state of the atoms may be n = 2

c) The initial state of the atoms may be n = 3

d) There are three transitions belonging to Lyman series

An X-ray tube is operated at 6.6 kV. In the continuous spectrum of the emitted X-rays, which of the
following frequencies will be missing?

a) 10'8 Hz b) 1.5 x 108 Hz c) 2 X 1018 Hz d) 2.5 x 108 Hz
The mass number of a nucleus is

a) Always less than its atomic number

b) Always more than its atomic number

c) Sometimes equal to its atomic number

d) Sometimes more than and sometimes equal to its atomic number

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 218 to 217. Each question contains STATEMENT 1(Assertion)
and STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (c) and (d) out of which ONLY ONE is
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correct.

218

219

220

221

222

223

224

225

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1

b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1

c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

Statement 1:

Statement 2:

In He-Ne laser, population inversion takes place between energy levels of neon atoms.

Helium atoms have a meta-stable energy level.

In a hydrogen atom, energy of emitted photon corresponding to transition from n = oo to
n = 1 is much greater as compared to transition fromn = coton = 2
Wavelength of photon is directly proportional to the energy of emitted photon

The energy of a He* ion for a given n is almost exactly four times that of H atom for the
samen

Photons emitted during transition between corresponding pairs of levels in He*and H
have the same energy E and the same wavelength 4 = hc/E

The different lines of emission spectra (like Lyman, Balmer etc) of atomic hydrogen gas
are produced by different atoms.
The sample of atomic hydrogen gas consists of millions of atoms.

An alpha particle is a doubly ionized helium atom.

An alpha particle carries 2 units of positive charge.

It is difficult to excite nucleus to higher energy states by usual methods which we use to
excite atoms like by heating or by irradiation of light.
Terms like ground state or excited state for nucleus are meaningless.

Bohr had to postulate that the electrons in stationary orbits around the nucleus do not
radiate.
According to classical physics all moving electrons radiate.

In an X-ray tube, if the energy with which an electron strikes the metal target increases,
then the wavelength of the characteristic X-rays also changes
Wavelength of characteristic X-rays depends only on the initial and final energy levels
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Matrix-Match Type

This section contain(s) 0 question(s). Each question contains Statements given in 2 columns which have to be
matched. Statements (A, B, C, D) in columns I have to be matched with Statements (p, g, 1, s) in columns II.

226. Match the following:

(A) Characteristic X-

Column-I

ray

(B) X-ray production

(C) Cut-off wavelength

(D) Continuous X-ray

CODES:

A B
a) P,q r
b) r,s p.q
c) r p,q.r,s
d) S q

227. Match the following:

4

p.q

Column-I

Column- II
(p) Inverse process of photoelectric effect
(q) High potential difference
(r) Moseley’s law

(s) Emission of radiations

r,s

Column- II

(A) The voltage applied to X-ray tube is increased (p) Average KE of the electrons decreases

(B) In photoelectric effect, work function of the (q) Average KE of the electrons increases
target is increased

(C) Stopping potential decrease

(r) Cut-off wavelength decreased

(D) Wavelength of K, X-ray increased (s) Atomic number of target material decreases
CODES:
A B C D
a) P,r q,s S q
b) s p.q qr pr
c) p.r qr p.r q,s
d) qr p.r p.r s

228. Match the following lists.

Column-I

Column- II
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229.

230.

(A) Burningcandle
(B) Sodium vapour
(C) Bunsen flame

(D) Dark lines in solar spectrum

CODES:

A B C
a) c a b
b) c b a
c) b C a
d) b a c

Column-I
(A) K, photon of aluminium
(B) Kp photon of aluminium
(©) K, photon from sodium

(D) Kg photon of beryllium

CODES:

A B C
a) Qr r,s P9
b) r,s q.r,s r,s
) pq qr pr
d) qr.s p.q r,s

(p)
(@)
(1)
(s)
D
d
d
d
d
(r)
(@)
(1)
(s)
D
p,r
qr,s
1,
p,r

Line spectrum
Continuous spectrum
Band spectrum

Absorption spectrum

Column- II
Will be most energetic among the four
Will be least energetic among the four
Will be more energetic than the lithium

Constant speed

Match the entries of Column I with the entries of Column II:

Column-I
(A) Emission spectra
(B) Absorption spectra
(C) X-ray spectra
(D) Thermal radiation spectra
CODES:

A B C

(p)
(@)
(1)
(s)

Column- II
Discrete
Continuous
Electronic Transition

Quantum theory of electromagnetic radiation

Page|22



231.

232.

d)

Qr,s p,q.r,s qr.s qr,s

p.q I,S p,q.r,s qr
r,s b.q qr qr,s
q'rJS I‘,S qﬁrls p’q

In each situation of Column I, a physical quantity related to orbiting electron in hydrogen-like atom is
given. The terms ‘Z’ and ‘n’ given in Column II have usual meaning in Bohr’ theory. Match the quantities in

Column I with the terms they depend on it Column II

Column-I

(A) Frequency of orbiting electron

(B) Angular momentum of orbiting electron

(C) Magnetic moment of orbiting electron

(D) The average current due to orbiting of
electron

CODES:

A B C D

a) Pr q,s q,s qr

b) q,s p.r qr pq

) pq qr pr qs

d qr pq 9 p,s

Column-I

(A) Radius of orbit depends on principal quantum
number as

(B) Due to orbital motion of electron, magnetic
field arises at the center of nucleus is
proportional to principal quantum number as

(C) Ifelectron is going from lower energy level to
higher energy level, then velocity of electron
will

(D) Ifelectron is going from lower energy level to
higher energy level, then total energy of
electron will

CODES:

A B C D
a) t q p S

(p)
(@
(r)

(p)
(@

(r)

(s)

®

Column- II
Is directly proportional to Z2

Is directly proportional to n

Is inversely proportional to n3

Is independent of Z

Column- II

Increase

Decrease

: 1
Proportional to =

Proportional to n?

: 1
Is proportional to =
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233.

234.

235.

Match the appropriate pairs from Lists I and II.

p r S t
S t q p
q p r S

Column-I

(A) Nitrogen molecules
(B) Incandescent solids
(C) Fraunhoffer lines
(D) Electric arc between iron roads
CODES:

A B C D
a) c a b d
b) b a d c
c) d a b C
d) a C d b

Column- II
(p) Continuous spectrum
(q@) Absorption spectrum
(r) Band spectrum

(s) Emission spectrum

Take the usual meanings of the symbols to match the following:

Column-I

(A) Average kinetic energy of photoelectrons
(B) Minimum kinetic energy of photoelectrons
(C) Maximum wavelength of continuous X-rays
(D) Minimum wavelength of continuous X-rays
CODES:

A B C D
a) p q r S
b) S p S r
c) r S p q
d) q r p p

(A) Radius of orbit is related with atomic number

Column-I

()

Column- II
(p) Zero

(@ hc/A—=2

() hc/eV

(s) Not predictable

Column- II

(p) Is proportional to Z
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(B) Current associated due to orbital motion of (q@) Isinversely proportion to Z
electron with atomic number (Z2)

(C) Magnetic field at the center due to orbital (r) Is proportional to Z2
motion of electron related with Z

(D) Velocity of an electron related with atomic (s) Is proportional to Z3
number (Z)

CODES:

A B C D

a) q r S p

b) p q r S

c) r s q p

d) S p q r

236. The spectral lines of hydrogen-like atom fall within the wavelength range from 950 A to 1350 A. Then,
match the following

Column-I Column- II
(A) Ifitis atomic hydrogen atom and energy (p) A= 1212 A and it corresponds to transition
E=-085eV from2to1l
(B) Ifitis atomic hydrogen atom and energy (@) A =134 A and it corresponds to transition
E=-34eV from2to1
(C) Ifitis doubly ionized lithium atom, then (r) 1 =303 Aand it corresponds to transition
from2to1
(D) Ifitis singly ionized helium atom, then (s) A =970 A and it corresponds to transition
from4to 1
CODES:
A B C D
a) p r s q
b) s p q r
c) r q p s
d) q S r p

Linked Comprehension Type

This section contain(s) 32 paragraph(s) and based upon each paragraph, multiple choice questions have to be
answered. Each question has atleast 4 choices (a), (b), (c) and (d) out of which ONLY ONE is correct.

Paragraph for Question Nos. 237 to -237

Hydrogen is the simplest atom of nature. There is one proton in its nucleus and an electron moves around the
nucleus in a circular orbit. According to Niels Bohr, this electron moves in a stationary orbit. When this electron
is in the stationary orbit, it emits no electromagnetic radiation. The angular momentum of the electron is
quantized, i.e., mvr = (nh/2m), where m = mass of the electron, v = velocity of the electron in the orbit, r =
radius of the orbit,and n = 1, 2, 3, ... When transition takes place from K™ orbit to ]th orbit, energy photon is
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emitted. If the wavelength of the emitted photon is 4, we find that% =R []iz — %], where R is Rydberg’s

constant

(Balmer)
n=>2

On a different planet, the hydrogen atom’s structure was somewhat different from ours, there the angular
momentum of electron was P = 2n(h/2m), i.e., an even multiple of (h/2m)
Answer the following questions regarding the other planet based on above passage:

237. The minimum permissible radius of the orbit will be
2 2 2 2
2) 2e0h b) 4eoh 9 goh goh

mme? mme? mrme? 2mme?

Paragraph for Question Nos. 238 to - 238

In an ordinary atom, as a first approximation, the motion of the nucleus can be ignored. In a positronium atom,
a positron replaces the proton of hydrogen atom. The electron and positron masses are equal and, therefore,
the motion of the positron cannot be ignored. One must consider the motion of both electron and positron
about their centre of mass. A detailed analysis shows that formulae of Bohr model apply to positronium atom
provided that we replace m, by what is known as the reduced mass of the electron. For positronium, the
reduced mass is m, /2

238. The orbital radius of the first excited level of positronium atom is
Where a, is the orbital radius of ground state of hydrogen atom
a) 4a, b) ay/2 c) 8ag d) 2a,

Paragraph for Question Nos. 239 to - 239

The electrons in a H-atom kept at rest, jumps from the m*™ shell to the n™® shell (m > n). Suppose instead of
emitting electromagnetic wave, the energy released is converted into kinetic energy of the atom. Assume Bohr
model and conservation of angular momentum are valid. Now, answer the following questions:

239. What principle is violated here?
a) Laws of motion b) Energy conservation c) Nothing is violated d) Cannot be decided

Paragraph for Question Nos. 240 to - 240

The energy levels of a hypothetical one electron atom are shown in figure

n = oo 0eV

n=>5 —0.80 eV
n=4 —1.45eV
n=3 —3.08 eV
n=2 —5.30eV
n=1 —15.6 eV
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240. Find the ionization potential of the atom
a) 11.2 eV b) 13.5eV c) 15.6 eV d) 12.6 eV

Paragraph for Question Nos. 241 to - 241

The electron in a hydrogen atom at rest makes a transition from n = 2 energy state to the n = 1 ground state

241. Find the energy (eV) of the emitted photon
a) 5.8eV b) 8.3 eV c) 10.2 eV d) 12.7 eV

Paragraph for Question Nos. 242 to - 242

Consider a hypothetical hydrogen-like atom. The wavelength, in A, for the spherical lines for transitions from
n =pton = 1 are given by

2
A= 152010 wherep = 1,2,3,4, ...
p2-1

242. Find the wavelength of the most energetic photons in this series
a) 1800 A b) 1500 A c) 1300 A d) 1650 A

Paragraph for Question Nos. 243 to - 243

A sample of hydrogen gas in its ground state is irradiated with photons of 10.02 eV energies. The radiation from
the above sample is used to irradiate two other samples of excited ionized He' and excited ionized Li?¥,
respectively. Both the ionized samples absorb the incident radiation

243. How many spectral lines are obtained in the spectra of Li?*?

a) 10 b) 15 c) 20 d) 17
Paragraph for Question Nos. 244 to - 244
A neutron of kinetic energy 65 eV collides inelastically with a singly ionized helium atom at rest. It is scattered

at an angle 90° with respect to its original direction

244. Find the minimum allowed values of energy of the neutron
a) 0.39 eV b) 0.32 eV c) 0.25eV d) 0.43 eV

Paragraph for Question Nos. 245 to - 245
A electron and a photon are separated by a distance r so that the potential energy between them is u = klogr,

where k is a constant

245. In such an atom, radius of n™ Bohr’s orbit is
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Paragraph for Question Nos. 246 to - 246

Pertain to the following statement and figure

4]

g
n| | tvitvl

4
3
2

Principal Quantum Number

1 A

The figure above shows as energy level diagram of the hydrogen atom. Several transitions are marked as |, II,
I1L,... The diagram is only indicative and not to scale

246. In which transition is a Balmer series photon absorbed?
a) Il b) 11 qlv d) VI

Paragraph for Question Nos. 247 to - 247

A certain species of ionized atoms produces emission line spectrum according to the Bohr model. A group of
lines in the spectrum is forming a series in which the shortest wavelength is 22.79 nm and the longest
wavelength is 41.02 nm. The atomic number of atom is Z

Based on above information, answer the following questions:

247. The value of Z is
a) 2 b) 3 c) 4 d)5

Paragraph for Question Nos. 248 to - 248

Simplified model of electron energy levels for a certain atom is shown in figure. The atom is bombarded with
fast moving electrons. The impact of one of these electrons can cause the removal of electron from K-level, thus
creating a vacancy in the K-level. This vacancy in K-level is filled by an electron from L-level and the energy
released in this transition can either appear as electromagnetic waves or may all be used to knock out an
electron from M-level of the atom

N
3x1077 M
2x10°16 L
3x10715 K

Energy in joule

Based on the above information, answer the following questions:

248. The minimum potential difference through which bombarding electron beam must be accelerated from
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rest to cause the ejection of electron from K-level is
a) 18750V b) 400 kV c) 216 kV d) 21.6 kV

Paragraph for Question Nos. 249 to - 249

A monochromatic beam of light having photon energy 12.5 eV is incident on a sample A4 of atomic hydrogen gas
in which all atoms are in ground state. The emission spectra obtained from this sample is incident on another
sample B of atomic hydrogen gas in which all atoms are in 1st excited state

Based on the above information, answer the following questions:

249. The atoms of sample A after passing of light through it
a) May be in 1st excited state b) May be in 2nd excited state
c) May be in both 1st and 2nd excited states d) None of the above

Paragraph for Question Nos. 250 to - 250

An electron orbits a stationary nucleus of charge +ze, where z is a constant and e is the magnitude of electronic
charge. It requires 47.2 eV to excite the electron from the second Bohr orbit to third Bohr orbit

250. The value of z is
a)5 b) 4 c)3 d) 2

Paragraph for Question Nos. 251 to - 251

When high energetic electron beam, (i.e., cathode rays) strike the heavier metal, then X-rays are produced.
Spectrum of X-rays are classified into two categories: (i) continuous spectrum, and (ii) characteristic spectrum.
The wavelength of continuous spectrum depends only on the potential difference across the electrode. But
wavelength of characteristic spectrum depends on the atomic number (z)

251. The production of characteristic X-ray is due to the
a) Continuous acceleration of incident electrons towards the nucleus
b) Continuous retardation of incident electrons towards the nucleus
c) Electron transitions between inner shells of the target atom
d) Electron transitions between outer shells of the target atom

Paragraph for Question Nos. 252 to - 252

Light from a discharge tube containing hydrogen atom falls on the surface of a plate 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

252. The energy of the photons causing the photoelectric emission is
a) 2.55eV b) 0.73 eV
c) 1.82eV d) Information insufficient

Paragraph for Question Nos. 253 to - 253
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The electron in a Li** ion is in the n'" shell, n being very large. One of the K-electrons in another metallic atom
has been knocked out. The second metal has four orbits. Now, we take two samples-one of Li** ions and the
other of the second metallic ions. Suppose the probability of electronic transition from higher to lower energy
levels is directly proportional to the energy difference between the two shells. Take hc = 1224 eV nm, where h
is Planck’s constant and c the velocity of light in vacuum. It is found that major electromagnetic waves emitted
from the two samples are identical. Now, answer the following questions:

253. What is the X-ray having least intensity emitted by the second sample?
a) K, b) L, c) M, d) Data insufficient

Paragraph for Question Nos. 254 to - 254

Two hydrogen-like atoms A4 and B are of different and each atom has ratio of neutron to proton equal to unity.
The difference in the energies between the first Lyman lines emitted by A and B is 81.6 eV. When the atoms A
and B moving with the same velocity strike separately a heavy target, they rebound back with half of the speed
before collision. However, in this process atom B imparts the target a momentum which is three times the
momentum imparted to target by atom A

254. Atom A is
a) iH b) 2H c) $SLi d) 3Li

Paragraph for Question Nos. 255 to - 255

1.8 g of hydrogen is excited by irradiation. The study of spectra indicated that 27% of the atoms are in the first
excited state, 15% of the atoms in the second excited state, and the rest in the ground state. The ground state
ionization potential energy of hydrogen atom is 21.4 x 10~'2 ergs

255. The number of atoms present in the second excited state is
a) 1.61 x 10?3 b) 0.805 x 1023 c) 2.92 x 10%3 d) 1.46 x 1073

Paragraph for Question Nos. 256 to - 256

In a set of experiments on a hypothetical one-electron atom, the wavelengths of the photons emitted from
transition ending in the ground state (n = 1) are shown in the energy level diagram (figure)

n=>5
n=4
n=3
n=2

TEEE

AERERE:

n | n o) <t

o~ | ™~ =~ a

Il Il Il Il

Yy ™ Ty Ty n=1

Asq1 = 73.86 nm
;14_,1 = 75.63 nm
).3_)1 = 79.76 nm
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Ayq1 = 94.54 nm

256. The energy of the atom in level n = 1 is nearly
a) 13.14 eV b) 15.57 eV c) 17.52 eV d) 16.42 eV

Integer Answer Type

257. Find recoil speed (approximately in m/sec) when a hydrogen atom emits a photon during the transition
fromn=5ton=1

258. The shortest wavelength of the Brackett series of a hydrogen-like atom (atomic number Z) is the same as
the shortest wavelength of the Balmer series of hydrogen atom. Find the value of Z

259. An electron in nth excited state in a hydrogen atom comes down to first excited state by emitting ten
different wavelengths. Find value of n (an integer)

260. The average lifetime for the n = 3 excited state of a hydrogen-like atom is 4.8 X 1078 sec and that for the
n = 2 state is 12.8 X 1078 sec. The ratio of the average number of revolutions made in the n = 2 state of
the average number of revolutions made in the n = 3 state before any transitions can take place from
these states is

261. Heat at the rate of 200 W is produced in an X-ray tube operating at 20 kV. Find the current in the circuit.
Assume that only a small fraction of the kinetic energy of electrons is converted into X-rays (in X 1072 A)

262. A Bohr hydrogen atom undergoes a transition n = 5 to n = 4 and emits a photon of frequency f.
Frequency of circular motion of electron in n = 4 orbit is f,. The ratio f/f, is found to be 18/5m. State the
value of m

263. An electron in hydrogen atom jumps from n, state to n, state, where n, and n, represent the quantum
number of two states. The time period of revolution of electron in initial state is 8 times that in final state.
Then the ratio of n; and n, is

264. An atom of atomic number Z = 11 emits K, wavelength which is 1. Find the atomic number for an atom
that emits K, radiation with wavelength 44 (an integer)

265. An electron in an H-atom kept at rest, jumps from the m™ shell to the n'™® shell (m > n). Suppose instead
of emitting electromagnetic wave, the energy released is converted into the kinetic energy of the atom.
Assume Bohr model and conservation of angular momentum are valid. If [ is the moment of inertia the
angular velocity of the atom about the nucleus is 4(m — n)h/kl. Calculate k

266. In the spectrum of singly ionized helium, the wavelength of a line observed is almost the same as the first
line of Balmer series of hydrogen. It is due to transition of electron from n; = 6 to n, = “*’. What is the
value of *’
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12.ATOMS

: ANSWERKEY :

1) d 2) a 3) d 4) b b,c
5) d 6) a 7) c 8) b(13) b,d 14) ¢ 15) ab,c 16)
9) b 10) b 11) ¢ 12) b ab
13) ¢ 14) a 15) d 16) c¢|17) b,cd 18) b, 19) d 200 d
17) d 18) d 19) b 20) b|21) by 22) a,c 23) ab 24)
21) c 22) b 23) d 24) c cd
25) ¢ 26) d 27) ¢ 28) a|25) a 26) acd 27) ab 28)
29) ¢ 30) b 31) ¢ 32) b a,c
33) a 34) ¢ 35) a 36) b|29) acd 30) d 31) byecd 32) c
37) ¢ 38) b 39) ¢ 40) b|33) d 34) ab,c 35) acd 36)
41) a 42) c 43) b 44) a,c
45) a 46) d 47) b 48) b|37) a 38) ab,c 39) bd 40)
49) ¢ 50) ¢ 51) d 52) d ab
53) a 54) a 55) a 56) d|41) b 42) ab,c 43) ¢ 44)
57) d 58) a 59) a 60) a a,c
61) ¢ 62) a 63) a 64) a|45) abd 46) cd 47) cd 1) b
65) b 66) ¢ 67) b 68) ¢ 2) c 3) a 4) b
69) ¢ 70) a 71) d 72) a|5) b 6) C 7) c 8) d
73) d 74) a 75) b 76) c|1) c 2) d 3) d 4) b
77) a 78) a 79) ¢ 80) d|5) a 6) a 7) C 8) a
81) d 82) a 83) b 84) a|9) b 10) a 11) b 1) b
85) a 86) b 87) b 88) a 2) c 3) a 4) c
89) d 90) b 91) d 92) <c|5) c 6) b 7) b 8) b
93) b 94) < 95) d 96) c|9) c 10) d 11) ¢ 12) a
97) b 98) d 99) a 100) a|13) d 14) a 15) ¢ 16) a
101) b 102) c 103) d 104) c|17) a 18) b 19) ¢ 200 d
105) b 106) b 107) a 108) d|1) 4 2) 2 3) 6 4) 9
109) c 110) d 111) a 112) d|5) 1 6) 5 7) 2 8) 6
113) d 114) b 115) b 116) b|9) 8 10) 4
117) d 118) d 119) d 120) d
121) d 122) c 123) b 124) d
125) d 126) d 127) b 128) c
129) d 130) c 131) c 132) a
133) b 134) c 135) ¢ 136) b
137) d 138) d 139) b 140) b
141) b 142) c 143) ¢ 144) a
145) c 146) c 147) d 148) b
149) a 150) a 151) d 152) d
153) b 154) d 155) d 156) a
157) a 158) ¢ 159) d 160) b
161) d 162) a 163) d 164) d
165) c 166) a 167) c 168) a
169) b 170) b 1) ab,c 2) a

3) b,c 4) b
5) acd 6) a,c 7) acd 8)

a,b
9) ab,c 10) a,d 11) b,c,d 12)
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12.ATOMS

: HINTS AND SOLUTIONS :

1

(d)
_ 2me?
Un =R
We know that in cgs system k = 1
2me? 2me?
.‘.vn: nh :vlz h
vy _ 2me?
So ¢ ch
(@)

The wavelengths of the hydrogen spectrum could
be arranged in a formula or series named after its
discoverer. For ultraviolet spectrum the series is
called Lyman series, for visible spectrum the
Balmer series, and for infrared region we have the
Paschen series

The ultraviolet series is obtained when the energy
of the atom falls from higher states to the energy
level corresponding to n = 1. Thus, ultraviolet
radiation can only be possible with transition
from E, to E; out of the given transitions

(d)

For each principal quantum number n, number of
electrons permitted equals the number of
elements corresponding to the quantum number

(total number of electrons) = z 2n?
_nn+1)(2n+1)

3

(b)

2
a=—

T

(2)?
x (forn=1)
(1/2)
ora « z3
2 -
a, 1
(d)
1 _ 7R ( 1 1 )
A 12 52
Hence, A is minimum when Z is maximum
(a)
—13.6 — (—10.2) = —3.4 eV
—13.6 ) 13.6
2 =—-34o0rn =—3.4 =

orn=2

. 2h h h
Increase in angular momentum = — — — = —

2 2 2
6.625 X 10734 T

%314 S

7

10

11

12

= 1.05 x 10734 s
(c)

mv? 1 e?

a, Ame,al

e
v =

JaAme,a,m
(b)

KE o = and PE o —

(b)

Potential energy = —2 X kinetic energy = —2F
Total energy = —2E + E = —3.4eV = —F
orE=34eV

p = momentum, m = mass of electron
2

_r
2m
orp =V2mE
=2x91x10731 x3.4x 1.6 x 10719 ~ 10724
: h h

de Brogile wavelength 4 = e 6.6 X
10710 m
(b)

The cut-off wavelength when V =V; = 10 kV is
hc
A = o 1243.125x 1073 m

eviy
The cut off wavelength when V =V, = 20 kV is,
A he 621.56 x 10713
= —_—= . m
2 eVZ

The wavelength corresponding to K, line is,

1_3R(Z 12
A 4

From given information, (A — 1,) = 3(1 — 1)
Solving above equation, we get Z = 29

(@

The first photon will excite the hydrogen atom (in
ground state) in first excited state (as

E, — E; —10.2 eV). Hence, during de-excitation a
photon of 10.2 eV will be released. The second
photon of energy 15 eV can ionize the atom.
Hence the balance energy ie,

(15 —13.6) eV = 1.4 eV is retained by the
electron.

Therefore, by the second photon an electron of
energy 1.4 eV will be released.

(b)
f=cZ?R [% - iz]

1 N
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13

14

15

16

17

18

1 1
= 2.7 x 105 = cz2R [F — 2—2]

1 1
fr=etR|5 -5
Divide and solve to get: f = 3.2 x 105 Hz
(<)

l_R 1 1
A \n2 nl

For longest wavelength, n; = 2,n, = 3

.1_ [1 1] 1—R[1 1
IR PPAEY] I Il
> 1= 36 for electron,

5R
But/locl

m

r_1,,36 _ 18
SOA_ZXSR_SR
(a)

Number of possible emission lines are n(n — 1) /2
when an electron jumps from n* state to ground
state. In this question, this value should be
(n—1D(n-2)/2

Hence, 10 = (n_l)zﬂ

Solving this, we getn = 6

(d)

For Lyman series, the series limit wavelength is
given by

-#[5-

For Balmer series, the series limit wavelength is
given by

R u_4
[22 002] 3 R

R /1—1
oo] or E

Clearly,

li 1 A
X =4[§] or ' = 42
(<)

oo
L, = (1); Q)
(Using Bohr’ Quantization Rule)
In the first excited state of Li,

oo
L=@5% @)
Dz,

Ly
(d)
E, x—= andrnocn

Therefore, E, 1, is independent of n
Hence, E;r; = (13.6 eV)(0.53 A)
=7.2eV-A

= constant

(d)

We know that frequency of orbital motion:

19

20

21

22

23

24

1 : 1
f « ﬁand given f; = ;fz

() =22 -3

= (=2 —Z_ (= =

ny fz ny 27 3

(b)

Option (a) explains the production of X-rays on
the basis of electromagnetic theory of light, which
is not able to explain the characteristic X-rays and
cut-off wavelength, so option (a) is wrong

Option (b) correctly explains the production of
characteristic X-rays

Option (c) is wrong as X-ray spectra is a
continuous spectra having some peaks
representing characteristic X-rays

(b)

P=VI

Therefore, total power drawn by Coolidge tube
Pr =VI=200W

As 0.5% of the energy is carried by electron,
Power carried by X-ray is

0.5
0.5% of P = 755X 200 = 1W

The answer is (b)

(9

Centripetal acceleration = mv?/r

Further, as n increase, r also increases. Therefore,
centripetal acceleration for n = 2 is less than that
for n = 1. So, statement (i) is wrong. Statement
(ii) and (iii) are correct

(b)
R[5z o] = 22 - o] or2 -
(@)

The first three transitions from the left fall in the
Lyman series of the hydrogen spectrum which
corresponds to ultraviolet radiation

The fourth transition falls in the Balmer series of
the spectrum which corresponds to the visible
light emission. The last transition falls in the
Paschen series which corresponds to the infrared
radiation

Thus, frequencies of the last two transitions are
closer to each other on the extreme left of the
frequency spectrum whereas the frequencies of
the first three transitions are closer to one
another and fall on the right corner of the
frequency spectrum

The spectrum of the transitions is thus best
represented in diagram(d)

()
Required energy = [( 13 6) (_113'6)] X9
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25

26

27

28

29

30

13.6
- [13,6 _T]9 —8x13.6eV

12375
8%X13.6

Wavelength = =113.7A

(o)
In the first case, transition is from n'™ state to 2nd
(1st excited) state

1

1
- (10.2 + 17.0) eV = 13.6 x Z2 [_ _ _]
22 n2

In 2nd case, transition is from n'? state to 34 state
1 1
: - 2

Solving above equations, we getn = 6 and Z = 3
(d)

We know, 1;, o n?
So,(n+1)?-n?=Mn-1)2%?>n=4

(9

Photon energy = h f = 13.6 [1 - %] eV=13eV

Photon momentum = momentum of hydrogen

atom:

h h
:>p27f ormvz—f

C
_hf 13X 16x1070
Ve T 167 x 1027 x 3 x 10°
(a)

. 1
Linear momentum = mv « Z

1

=4ms~

Angular momentum = mvr « n
Therefore, product of linear momentum and
angular momentum o n°

(9
; ) mvz_k_ez
Using Bohrstheory,T_ -
,  ke?
v =——>L=mur
mr
ke?
~L=m |—r=L=+mke?r
mr
= L «\Tr
(b)
hc
KEAI_A——IPZQAV
1
hc
KE)»Z — ¥ =2eAV
Az
:>3(hc ly)_hc w
M A,
> Y=h ( 3 1 )
—\2n T2
KBy, =5~ h [3 !
I T Py Y
_h [1 N 1 3
I P Y T YN

31

33

34

35

1 1 3
eAV = hc[ZJrE_Z_/h]
her1 1 3
e TN
()
Enax = 13.6 €V; Eppyy = 31.6 (1 — Ziz)
3
=2 X 13.4 eV

EmaX f

Emin - 3
(b)

From figure (b), photons of energy 1.6 x 10718 ]
get absorbed in large numbers, no lower energy
photon gets absorbed. And according to the
passage, substantial absorption occurs only if the
photon bumps the ground state electron into a
higher shell
Therefore, 1.6 X 108 ] photon knocks a ground
state electron (n = 1) into the first excited state
(n = 2). Hence, the difference in energy between
the ground state and the first excited state must
be 1.6 x 0718 ]
Using E,, = %

E, E, 3

16X 10718 = E, — F, = _T_<_T) =25,

4
# By =5 (16X 107°]) = 2.1 x 10719

Therefore, the answer is (b)

(a)
Barrier height
1 e? 1

° \%
= = —e
41ey 1 4mey 1,

9x 10° x 1.6 x 1071°
= 10-14

eV = 1.44 x 10° eV
()

As the collision is inelastic, it means a part of
kinetic energy is transformed into some other
form due to collision. In this case, the kinetic
energy of incident electron can be absorbed by H
atom and it can absorb only 10.2 eV out of 11.2
eV, so that it can reach to 1st excited state and the
electron leaves with remaining, i.e., 1.0 eV

(@)

E, =—-34eV,E, x i
n . e 2

E, =-13.6eV

Clearly,n = 2

Angular momentum

nh 2h h
=— =" =—=211x10"3]s
2 2m 0w
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36

37

38

39

(b)
Kinetic energy gained by a charge q after being
accelerated through a potential difference V volt,
is given by

1

V = >mv?
q zmv

mV = ,/2MqV
_h __n
As Ab Tmv J2qmv

For cut-off wavelength of X-rays, we have

As% = 1.8 x 10! C kg™? for electron,

_ J1.8x1011x10x103/2

Ap
We have . X100 0.1
Therefore, the answer is (b)
(©

Potential energy = —C/r? and total energy

= —Rhc/n?. With higher orbit, both r and n
increase. So, both become less negative; hence
both increase

(b)

1 3
E=RooChX[1_ﬁ]=ZRooXhC
Momentum of photon emitted is,

_E_ 3Roh
p= c 4

Recoiling speed of hydrogen atom is given by
v = P/m, where m is the mass of hydrogen atom
_3Roh  3x11X 107 X 6.63 x 10734

4 x1.67 x 10727
=33ms !

v im

(©

Let the three energy levels be E;, E,, and E3. The
wavelengths 14, 1,, and A3 of the spectral lines
corresponding to the three energy transitions are

depicted as shown in figure
£y

| R

E,

YA, v,

E,

E=hf=7%or E oz (givend <1, < As)

Thus, for the three wavelengths, we have

40

41

42

43

44

45

46

47

E;—E; = z )
{E,—E; = h

2 1= 1 (ii)

LE3 —E; /1—1 (i)

NOW, E3 - El = (E3 - Ez) + (EZ - El)
h h h 1 1 1

> — = — —_—— = — R
A A3 +/12 A A +/’l3
(b)
Use Moseley’s law
(a)
As magnetic moment, ug = %evr
L
L=mvr =>uvr=—
m
lel pug e
= > —=—
HB=2m 71T " 7m
(9
i=1
T
Now T2 o 13 o<n6:>io<$
(b)
U= ke? F dU  3ke?
2R3’ dR  2R*
mv mv?  3ke?
ButL F = =2 = e
Also, mvR = nh
21
6m?ke’m
Solve to get: R = ——

(o)
Let n be the number of electrons per second
striking the target, P = VI
16W = (5 x 10%) X ne

_ 16

T 5x103 x 1.6 x 10719

“n =2 x 1016

(@)
The recoil momentum of atom is same as that of
photon but in opposite direction
Hence, recoil momentum:
E 12.09 x 1.6 x 10719

= — = = 6. X 27
P == %107 Ns = 6.45 x 10?7 Ns

Note that almost whole of the energy will be
carried away by the photon because it is very light
in comparison to H atom

(d)
13.6
= —?ev
E = —0.544 eV
E, =—2x0.544 eV =—-1.088 eV
(b)

The series in U-V region is Lyman series. Longest
wavelength corresponds to, minimum energy
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48

49

50

51

52

53

which occurs in transition from n=2 to n=1.
1

_ R
122 = ( T 1 )
12 22
The smallest wavelength in the infrared region
corresponds to maximum energy of Paschen

()

series.
1
_ R ..
A= m (11)
32 o0
Solving Egs.(i) and (ii) , we get
A =823.5nm
(b)
For third excited state,n = 4
n2
Tn - 7"0 7
orr =0.5><4;—4A=4A
(c)
This is Bohr’ postulate
(c)

Energy of photon is given by mc?2. Now, the
maximum energy of photon is equal to the

maximum energy of electrons = eV
Hence,mc? = eV =>m = i—z
1.6 X 10719 x 18 x 103

(3 x 108)2

=32x10732kg
(d)

hc _ 1240 eV — nm

E 3.5eV
This wavelength is in the ultraviolet region

(d)

a. No, since Balmer formula was known

= 354 nm

b. No, since Rutherford scattering experiment was
known

c. No, since Einstein’s photon theory was known
d. Bohr’s chose ‘allowed’ energy levels « 1/n? and
these led to angular momentum quantized as a
derivation

()

Series limit means the shortest possible
wavelength (maximum photon energy) and first
line means the largest possible wavelength

(minimum photon energy) in the series

v=_C [% — #] (where C is a constant)

For series limit of Lyman series:
n=1lm=w=v,=C

For firsts line of Lyman series:
n=1m=2=v,=3C/4

For series limit of Balmer series:
n=2m=o0=v;=C_C/4

54 (a)
1 11
Z=R_z—z—ﬁ]
1 1 1
z=R_z—E]
1 [ 3 16
Z:R-E] orlz=§
Again,)%=R[2%—3i2
1 1 1
T?ra]
1 O5R 36
Z=£ orll—ﬁ
M 36 3R 27

55

56

"2, SR 16 20

or A, = z—;x 4861 &

(a)

mv? = K/r,. Since modified m is half and
modified r;, is double, v,, remains the same as in
H-atom

Note: Positronium is an atom in which an electron
(e~ ) and a positron (e*) go around

their center of mass. Bohr’s conditions hold for it,
as used in hydrogen atom, but the

mass m, of the electron is replaced by the
modified mass u = (m, m,)/(m, + my ), where
m, is the

positronium mass, which is equal to m. With this,
one may treat the electron going

round the positron and apply the equations used
for hydrogen atom case

(d)
, he? ,  ke?
mrw- = - orw” = —3
T mr
2 2
2,2 ke 2 ke
or4mn =—=or =
fn mr3 fn 4m2mr3
1 n?h?
But,r ==X
’ k~ 4m?me?
52 ke?(k x 4m*me?)?
n Am2m(n2h?)3
2
0rf2 _ k*e®(4m?) m?
n - (n2h?)3
_ 4n?k?me*
orf, = —
Again, hy = 2 ZEme’ [ L__ i]
gain, hz  l(n-1)2 n?
or. v = k2 2nme* [nz—(n—l)z]
e h3 n2(n-1)2
or v = k2 2m?me* [ (2n-1)
h3  In2(n-1)2

If nis very large, then
, 2m?ke* 2n
h3 " nt

v =
n4-
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57

58

59

60

61

orv=—-3 fn

(d)

Asdy =" =155x10""m
© A =0.155A

Which is the minimum wavelength of continuous
X-rays which carry energy equivalent of energy of
incident electrons

Now, as the energy of incident radiation is more
than that of K-shell electrons, the characteristic X-
rays appear as peaks on the continuous spectrum

Therefore, (d) is the answer

(@)
n=4 _
e =i

n=2—%——
= n=2—~v

Firstline of n

=1
Balmer series Second line of

Balmer series

For hydrogen or hydrogen type atoms

1
A x —
2 — — —
Z (n,zc nlz)
A5
,1_2_ 1 njzc niz 1
A 2(1 1
Z; _2__2>
1 1
17t (3= %)
A, = 1
2 2( 1 1

6561)(1)2(—5——5 .
e ) (221 2)_ 12154
@?(3z-32)
()
P=VI=150x 103 x 10 x 1073 = 1500 Js~!
Heating rate of target = B0 L =357cals?
42 " 100
()
From Moseley’s law, Vv = a(Z — 1) for K,, X-ray

1
ie,—=a(Z-1)

VA
- 1 _ - S —
leen,ﬁ =a(11-1) andm =a(Z-1)
Dividing, we get Z = 6

(©

For emission of a photon with greater
wavelength, energy gap should be less
Blue light falls in the Balmer series and it is

62

63

64

65

66

67

obtained when the atom makes transition from E,
to E3. Red light also falls in the Balmer series and
it has a lower frequency compared to blue light.
By quantum theory of radiation, the energy
change E is proportional to the frequency of
electromagnetic radiation f by E = hf. Thus, red
light is associated with a smaller energy change
from a lower energy level (compared to E,) to the
first excited state E,. Hence, the only possible
transition that result in the emission of red light is
the E5 to E, transition

(@)

Magnetic moment e

Angular momentum  2m
~ Magnetic moment « angular momentum

.o h
xn ( L= n§>
(a)
From conservation of momentum, two identical
photons travel in opposite directions with equal
magnitude of momentum and energy hc/A

From conservation of energy, we have

hc hc 5 5
7+7=moc +m0C

h

" myC
Therefore, the answer is (a)
(a)
For a collision of neutron with hydrogen atom in
ground state to be inelastic (partial or complete),
the minimum KE of striking neutron must be 20.4
eV. [This condition is derived in theory]
As the energy of the given incident neutron is less
than 2.4 eV, the collision must be elastic
(b)
Am will increase to 34,, due to decrease in the
energy of bombarding electrons. Hence, no
characteristic X-rays will be visible, only
continuous X-ray will be produced

(©)
136

= —— >SS n° =
n nz

13.6

 —0.54
orn? = 25.2 or n = 5(nearly)

v
Asvocl/n,sovn=§

(b)
Time period for n'" energy level electron is,

_2mr,  4mPm ﬁ

Up h n
r, = nla,
2
_4n'm % n3q2
=— z
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68

69

70

71

72

1078
T
After substitutingn = 2,m = 9.1 X 10731 kg, and

h =6.63 x 1073%J-s, we get N = 8 x 10°
(o)

1 (1 1
o \nf n

2
1_R<1 1)
A \22 32
=3
A

Required number of revolutions, N =

36 36x1077
A= S_RO_ 5 x 1.097
= 6566 A
he  6.64 x 1073* x 3 x 108

i 6.566 X 10~7
=3.03x10717]

= 6.566 X 1077

~ E=189eV

(©

The protons move toward each other till their
relative velocity becomes equal to zero. At the
closest distance of approach, both the proton will
be moving with the same velocity

As coulombian repulsive force is internal for the
system of protons, we can apply the law of
conservation of momentum

L myg = 2mv

2
i =1z —2xim(®
ChangeanE—va0 2><2m(2)

This change in energy is equal to the electrical
potential energy

mvé (vo)z e?
2 2 4mtegr
o2
ST = 2
TEyMV
(@)

Radius of first orbit, r « 1/Z. For doubly ionized
lithium, Z will be maximum. Hence, for doubly
ionized lithium r will be minimum

(d)

AL = Ak, — Amin

When V is halved A,i, becomes two times but Ay,
remains the same

o AV = Ak, — 2Amin

=2(A1) — Ak,
2 A < 2(A0)
(@)

Momentum of the recoiled hydrogen atom
= momentum of the emitted photon

—h—hR 1 1
A n?  n?

1 1
=6.6x1073%x1 +7(———>
6.6 0 0 1 16

73

74

75

76

77

78

79

80

81

=6.5x1072" kgms~!

(d)

T? < R3

Tur (ﬁ) - (Z) -3

(a)

From conservation Of momentum:

MV h hR (1 1) 14 3hR
= — = el [

A 4 4 M

(b)

In the emission spectrum 10 lines are observed,
so the energy level (n) to which the sample has
been excited after absorbing the radiation is given
by
nn—1)
— =
Which givesn = 5

hc
So, % = 13.6 (1 _

10

1)eV

52

1242 v 136 24 v
— — 6 X —
7€V —nm o ©
& A=95nm
()
4% k?me*
VT T e
1
VX F
(@)
1 1
13.6 (2—2 - 3—2> eV=19eV
(@)
For the first line of Balmer series of hydrogen,
1 R ( 1 1 ) 5R a 36
- = —_—_——— = — = —
A 22 32 36 5R

For singly ionized helium (Z = 2),

1 _ 4R 1 1
A nZ nj

Given ' = A

Forn, =6ton, =4

1—4R(1 1)_20R_5R

AT \4z 62) 144 36

It corresponds to transition fromn; = 6ton, = 4
()

hc

7= Rhc(1 —1/n?)

T Al AR-1

(d)
13.6 — 0.85 = 12.75 eV
So, 12.75 V is the required potential difference

(d)

As the electron beam is having energy of 13 eV, it
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82

83

84

85

86

can excite the atom to the states whose energy is
less than or equal to 0.6 eV (13.6 — 13).E5 =
0.544 eV and E, = 0.85 eV. So, the electron beam
can excite the hydrogen gas maximum to 4t
energy state, hence the transit electron can come
back to ground state from either of three excited
states, thus emitting Lyman, Balmer and Paschen
series

(@

(b)

For an elastic collision to take place, there must be
no loss in the energy of electron. The hydrogen
atom will absorb energy from the colliding
electron only if it can go from ground state to first
excited state, i.e., fromn = 1 ton = 2 state. For
this, hydrogen atom must absorb energy

E, —E; =-34—-(-13.6) =10.2eV

So, if the electron possesses energy less than 10.2
eV, it would never lose it and hence collision
would be elastic

(@)
r
U =eV =elyln (—)
To
du

Cdrl
This force will provide the necessary centripetal

force. Hence

_ eVO

IF| =

mv? eV,
ror
_ [en -
or v= |- (i)
Moreover
nh i
mur = — (i)

Dividing Eq. (ii) by Eq. (i), we have

_(nh) m
™=\ [evy

Or T, Xn

()

In case of Bohr’s model of hydrogen atom
v

Frequency = p—

Here, v « % andr « n?

. 1

~ Frequency « =

(b)

The wavelengths present in emission spectra are

87

88

89

90

91

shown in figure
dc b a

=5

$/¢ n=4

ih v =3
J L n=2
y y n=1

Transitions a, e, h and j can be performed by a
single atom also. This is also true about
transitions b and i, other transitions require one
atom each

(b)

de Broglie wavelength of electron in hydrogen
atom

_h 2mn
Tmv on
For second Bohr orbit, 1 = 600x1077 _ 3000 x
10~°m

_ 150, o
A= TA =300 A

150 5 s

V= —(3000)2 =3 x10™V
(a)
hc 1
7= 13.6 [F - 1—02] = 13.6 X 0.99

1242

=136 %099 0_99nm =92.25nm
The line belongs to UV part of electromagnetic
spectrum
(d)

Total energy received by the atom will be 25.2 eV.
13.6 eV energy is needed to remove the electron
from the attraction of the nucleus. Rest of the
energy will be almost available in the form of KE
of electron
(b)
For shortest wavelength in Balmer series,
ng=2n, =

1 1 1 4
=Rl ori=g
For shortest wavelength in Brackett series,
ny =4;n, =

1 1 1
=Rl

ord =2 =4xi=4
R R

(d)
For 2nd ]ine of Balmer series in hydrogen
spectrum, corresponds to 4 — 2 transition of
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92

93

94

95

96

97

hydrogen atom
[tis equivalentto4 X3 - 2 X 3ie,12 -6
transition of Li**

(o)
1 _ 1 1 ]
A 122 32
_ 36 _ 36 1
orR = 51 5x6563x10-10 11
_ 36000 x 10’m~1 = 1.097 x 10’m™~?
~ 5% 6563 me=s m
(b)

L will be same for both because it does not
depend upon Z. But for energy

_ Z2x136 13.6
(En)ui = ——5—and (Bp)y = ——%
Clearly, |Ey| < |ELi|
()
Volume occupied by one mole of gold
_ 197 g 10 em?
“197gm—2 M
Volume of one atom
10 5
- 2%10% m3
T6x1023 3 10
Let r be the radius of the atom. Therefore,
4
§7TT'3 =3 1023 0or r = 1.5%x1071%m
(d)
_ Uoln
" 2n,
or B, « i—”
(fn)
oc —
7”‘f'l
“ B, x (Vn /1)
rn
o n
(1)?
)
(n?/z)?
23
Y
(9
E =Ryh (1 ! )
IR ST
Momentum of photon emitted is p = % =
24
Roh (5¢)
Recoil momentum of H atom will also be p
mv=p
p  (1.097 x 107)(6.626 x 10734)24
m (25)(1.67 x 10727)
~v=4178 ms™!
(b)

98

99

100

101

102

on (-3

ForK line,n; = landn, =2

o)

7 =
3)LRoo

=399 = 40

(d)

_mvz
Ty

Butvoc%androcn2
1

:FOCF

(@)

Total energy for n'! level = — % eV

£ £ — 136(1 1)_13.6><3

z M= “\4 1) 4

=0.75 x 13.6 eV

E,—E, = 136(1 1)_13.6x5
z2- 9 4) 36

=0.14 x 13.6 eV

E,—E, = 136(1 1)_13.6><7 v
37 16 9) 144 °©

= 0.05 x 13.6 eV

Obviously, the difference of energy between
consecutive energy levels decreases

(a)

For the incident electron,

1mv2 =Ve

> =

p? = 2meV

de Broglie wavelength of incident electron,
h h

/‘{1 = —=
p  2mVe

Shortest X-ray wavelength, 1, = %

Al Ve 1 (V) e
CoV2mVe ¢ \2/m
\/— x 1.8 x 1011 1
=01=—
3x 108 0 10
or 11:12 = 1: 10
(b)

Maximum angular speed will be in its ground
state. Hence,

121 2.2 x10°

7. 0529 x 1010
=4.1x10%rads™?!

(©)

Wmax =
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103

104

105

106

a. Z was taken from X-ray scattering experiments
b. Validity not known earlier; established by

Rutherford’s experiments

Ze?

c. Yes, the experiments said r < ————=
Znso(imvz)
This sets upper limit for r

d. Lower limit of 7 not set

3
=3x108% x 107 x —
16

9
=—x10"H
16 ‘

(@

R h
Angular momentum, mvr = n_—

_(Tl

2

1)
which is independent of Z
(b)
Let v = speed of neutron before collision,
v, = speed of neutron after collision,
v, = speed of proton or hydrogen atom after
collision,
and AE = energy of excitation
From conservation of linear momentum
mv =mvy + mv, (i)
From conservation of energy,
%mv2 = %mvl2 + %mvzz + AE (i)
From Eq. (i),
v? =v2+vZ+2v,1v,
From Eq. (ii),

2AE
+vi+—

m

2AE
2171172 = 7

2

v? =v?

n (v — )% = (vg + )% — 4y,

S ( )2 4 AE
v — 1) =v2—4—
1~ V2 m
As v; — v, must be real, therefore
AE
v2—4—>0
m
or%mv2 > 2AE
The minimum energy that can be absorbed by

hydrogen atom in ground state to go into excited

state is 10.2 eV. Therefore,
1

E mvmln

=20.4eV
(b)

2x10.2eV

107

108

109

110

111

112

113

114

A= g (for electron)

orp=nh/A
and E :%(for photon)
p 1 1 o 1
E—C—3x108—3.33x10 sm
(@)

M = IA = efnr?
=1.6 x 10719 x 10%® x 3.14

x (0.5 x 10719)2 A m?
= 1.256 x 10723 Am?
(d)
Rydberg’s constant determines the frequencies.
We have R o« m. So, modified R for positronium
atom is half of H atom. Hence, frequencies are
reduced to half
(@
The characteristic X-ray depends on the material
used

(d)
F_z_z
ot
E

Hence, wavelength %
(a)

Frequency of electron revolution:
; mZZe*

 4gin3h¥

Put the various values to get
2

Z
f =6.62x 1015¥

Now,putZ = 1and n = 1 to get
f =6.62x 105 Hz

(d)
gon?h?
‘r =
e2mm
£0(21L)? h
= M(L =n— ornh = 27TL)
e2mm 21
1
~ Lr 2 = constant
(d)
£ - ke? - ke?
P T T 2r

So, E, = 2E = 2(—13.6) eV = —27.2 eV

Potential energy of electron in the ground state of
Li%* ion is

= —32x27.2eVor—244.8eV

(b)

sz:Zn2

N=2(12+22+32+42) =60
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115

116

117

118

119

120

121

122

123

(b)

The energy taken by hydrogen atom corresponds
to its transition fromn = 1 ton = 3 state

AE (given to hydrogen atom)

1 8
=136(1—=)=13.6 x=-=121
36( 9) 3.6 9 eV

(b)
Frequency = R (212 - é) c

4
Hence, A = =

(d)

By quantum theory of radiation, the energy
change AE between energy levels is proportional
to the frequency of electromagnetic radiation f
and is given by

hc
AE = hf = T
Hence, A = Z—; = Elh_CEZ
(d)

In transition of electron from higher energy level
to lower energy level, the wavelength is given by
A = hc/AE, where AE is the energy difference
between two levels

For minimum A, AE should be maximum, so (d) is
the correct option

(d)
Angular momentum, L = 4.2176 x 10734 = %Th
>n, =4

For the transition from n, = 4 ton; = 3, the

wavelength of spectral line = 4
1 136 ( 1 1 )

A hc \32 42
_ 136eV ( 7 )
" 1240eVnm\9 x 16

I 1876 nm = 18760 A

TT136x7 nm =
=1.876 x 10* A
(d)
E, —E L

4n — E2n _ 16n?2  4n? _ -
E, —E, é_E_T =1= constant

4n?2 n?
(d)
1
A x ﬁ
1216 2
NOW, ANa 11x11 A
()
Use E = — ze)e
471'80 To

(b)

From the graphs given, atom in graph B will
absorb most of the energy W from the electron

and re-radiate, in all directions, radiation of
shortest wavelength when the atom returns to its
ground state

124 (d)

125

126

127

128

129

130

The K, L, and M lines have different intercepts.
The intercept of K is more than that of L, which in
turn is more than that of M

(d)
E=—E
(d)

When wavelength is maximum, the energy is
minimum. Hence, this is from the ground state to
the first excited state, for which the energy is
13.6eV—34eV=102eV

Hence, the required wavelength is 122 nm

The text possibility is to jump from the ground
state to the second excited state, which requires
=13.6—-15=12.1eV

Hence, it corresponds to a wavelength

c hc (6.63 x 1073%) x (3 x 108)

A= SRR (12D x (16 x10D)
=103 nm
Therefore, (d) is the answer
(b)
_ 9124
1 1
2l

For singly ionized helium atom Z = 2
For the wavelength to be longest,n; = 1,n, = 2

912 A 912 .
= =304 4

1
@1-3 3
(©
Making potential energy zero increases the value
of total energy by 13.6 — (—13.6) = 27.2 eV

Now, actual energy in second orbit = —3.4 eV
Hence, new value is (—3.4 + 27.2) eV = 23.8 eV
(d)
nh
T 2m

Clearly, L is constant and independent of Z

(©

Assuming that ionization occurs as a result of a
completely inelastic collision, we can write
mv—0=(m+my)u

Where m is the mass of incident particle, my the
mass of hydrogen atom, v, the initial velocity of
incident particle, and u the final common velocity
of the particle after collision. Prior to collision, the
KE of the incident particle was
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131

132

133

134

135

mvd

E, =
)
The total kinetic energy after collision
(m + my)u? m2vé

2 ~ 2(m+my)
The decrease in kinetic energy must be equal to
ionization energy. Therefore,

my
E1=E0_E= m+mH EO
E, 1

1. e.,E—O = 1+ m

my
i.e., the greater the mass m, the smaller the
fraction of initial kinetic energy that be used for
ionization

()
13.6

——eV=234eV
4 e e

(@)

In this case, there is the widest energy gap

(b)

13.6

Since E = —n—'zeV
E; = —-13.6eV

E, = —34eV

E; =—150eV

E, = —0.85eV

From above, we can see that

E; —E; =121eV

i.e., the electron must be making a transition from
n=3ton =1level

AL = (3— 1)i =
21
=211x1073]s
(<)
Using Moseley’s law, v'/2 = a(z — b)
eN\1/2 1/2
(Z) = a(z, — b) and (T) = a(z? - b)
(/1_2)§ _az—-b) ( 7.12 )% _(29-b)
4/ a(z;—b) \1542) ~ (42-b)
(42 —b) = 14729 —b) > b = 1.44

1

15.42\2
( ) (27.56) = z — 1.44 == 24

22.85
(©
: h
The angular momentum is mvr = Z—n >n=1
. 2 7e2
Centripetal force, — = —— ~
T 4mEQT

_ gn*h* [ gh? (me)l
r_nmneZZ_ mmee? | \m,/) Z

136

137

138

139

140

141

0.53x 1071 200 x 107'°> 1 m,
= = v —= 264]
264 7 A me

Since r cannot be less than nuclear radius,
1
r>16273x10"®m

—-15 1
or 2220 75 16x10715 73

VA
3
7 < (200)Z <37
z —
16
(b)
_ 1 ¢ 1
BEEYZ R

Since v is reduced to one-third, therefore
n=3

Now, r « n2

(d)

Amin is found for n = 2 — 1 since energy gap is
maximum

(d)

0.001

2
{Because radius of n™" orbit is equal to}

x 1073 = (0.5 x 1071)n?

1, = n®ry, where r, = 0.529 A

= 1000
orn =31
(b)
AE; (for 4thto 3rd excited states)
=13.6 X 32 4—2—§ =2.75eV
AE, (for 3 to an exc1ted states)
= 13.6 x 32 3—2—E =595eV
For shorter wavelength, i.e., for AE,, Vy; = 3.95
volt
From eVy; = hc — ¢,
395=595—-¢
L p=2eV

For longer wavelength,
eV02 = 275 -2 = 075 eV

SO, V02 = 075 \%

(b)
2

v, =a (%), where a = Zheg p is the fine structure
0

constant (a = é)

c(2)
Vet = A—— = ac
2

ande = (lc(l—l) = AC = Vgt

(b)

1, x n?

n'2 212x10"11 p'"?

= r =4

2 53x10-1 Tz
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142

143

144

145

146

147

148

149

n'? '
or—=4orn =2
12

(9

The minimum energy to ionize an atom is the
energy required to remove an outermost electron
in the atom

(<)

1 _ hc
min — evmax
(@)

Shortest wavelength of Brackett series
corresponds to the transition of electron between
n,; = 4 and n, = oo and the shortest wavelength
of Balmer series corresponds to the transition of
electron between n,; = 2 and n, = oo. So,

(22 (13.6) _ (13.6)

“\16) "\ "2

nz?=4

orz=>2

)

Through filter, only those photons will pass
through whose energy is less than E = 80(’)lcnm =

1.55eV

From hydrogen’s energy level diagram, we can
easily identify that when electron jumps from 3rd
excited state (4t energy level) to 2nd excited state
(3rd energy level), then photons of 1.55 eV energy
have been emitted. So, the required initial energy
level is the 31 excited state

(9

First excitation energy is

Rh (1 1>—Rh 3
“\1z 7 22) ="y
3
—Rhc=VeV
7 Rhe e
* Rh —4V V
“ Rhe=—-e
(d)
B=landr =%
2r T
e
:lerLT [r o n? T o n?
1
BOCE

(b)

Possible transitions are:
4 -53,4-2,4-1,
3->2,3-1, and

2-1

(@)
—d 2 L1k

|F| = I I ﬂ, which is a constant
dar m

150

151

152

153

154

155

156

157

So, my,1;,
(@)

muvr

nh
—=>mnp«n
21

_nh

L
h _ (2mr)

mv n

ho_ :
—= de Broglie wavelength

(d)
a _ hc
min — Vmax
(d)

The energy of the K, X-ray photon

Ex, = Ei— Ef = (Z—-1)*(-3.4eV+13.6eV)
= (Z - 1)?(10.2 eV)

Given Ex, = 7.46 keV

% 7.46 X 103 eV = (Z — 1)2(10.2 eV)

3
or (Z —1)2 = 22219 _ 7314
10.2
or(Z—1)=27 =Z =28
(b)
E, Ey\ 8
Ephoton =E3—FE = _3_2_ <_ 12) = 9E0
Therefore, (b) is the answer
(d)

Energy of n" state in hydrogen is same as energy
of 3nt" state in Li**

~ 3 — 1 transition in H would give same energy as
the3x 3 - 1x3ie., 9 - 3transitionin Li*™

(d)
mZ
(1) = <7> (0.534) = (nx 0.3)A

m
_=n
V4

m=5 for 100Fm257 (the outermost shell) and
z =100

B (5)? 1
"T700 " 4
(@)
mv? _ 3q° _ 3q%2 .
T 4meer2 = mvr = 4TTEYV (1)

nh i
and o, = mur (ii)

Using (i) and (ii) and puttingn = 1

h 3q? 3q?
_ >V =

2n Amegv 2&0h
(a)

T?2xr3andr x n? 2 T2 xn® = T « n3

T n\3 nq{\3 n
—1=(—1) =>8=(—1) or — =2
T, n; n;

n;
Only a. satisfies the above, hence this is right
choice
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158

159

()
As the number of orbit increases, the velocity
decreases. The potential energy becomes less
negative, i.e., PE increases while KE decreases
(d)
v= 27TTf

> f=—

2nr

160 (b)

161

162

163

164

165

M

Case |

_o- B
-
Case Il

In the first case, KE of H atom increases due to
recoil whereas in the second case KE decreases
due to recoil
~E, > FE;
(d)

ol —1)2 [i _ i]
Using 5 R(z—1) pr i

For K, line;ny =2,n, =1

For metal 4; 2228 = R(z, — 1)? G)
= Z1 = 26

2 (3
For metal B; 675R = R(z — 1) (Z)
= ZZ = 31

Therefore, 4 elements lie between 4 and B

(@)

L = 1.09 x 107 [ !

P 22 32

= 1=6.606x%10""m = 6606 A
(d)

For Lyman series, n; = 1 and n, = 2 for first line
1 R [ 1 1 ] [1 11 3R
A, 1z 22

14”2
For Paschen series, n; = 3 and n, = 4 for firsts

line
1 1 7R
=R[?_E]=R6_E 124
,11 4/3R 7
1,  144/7R _ 108
(d)

If the electron jumps from n; level to n; level,
then photon of energy 12.1 eV is emitted. If the
electron jumps from n, level to n, then 10.2 eV
photon is emitted. Clearly, these transitions are
possible in minimum two atoms and maximum
three atoms

()

166

167

168

169

170

171

172

173

The electron is still in the state n = 2. It has to
reach the ground state by emitting a photon

(a)
1_3R(Z 12
Ay 4
Z-1)= |—
" |3RA,

B 4

T 03x11x107 x 1.8 x 10-10
_ 200 5—78—26:>Z—27
~ 3 |35 3 B
(0

As angular momentum of electron is 4h/2m, it
means electron is in the 4t orbit

TE of atom in 4t orbit is —0.85 eV

KE of electron = |TE| = 0.85 eV

(a)
1_R[1 1
A 1z 32

.1
Agam, — =R
/1’ 16

Now, 7=

(b)

(a,b,c)

Amin = Amin

12400 o
= =62A

-19.6 keV L

(a)
We know that as the electron comes nearer to the
nucleus, the potential energy decreases

(—I(Ze2
T

The KE will increase [ KE = |PE|

=PEandr decreases)

1kZe]
r

The total energy decreases [TE = %kzr ]
(b,c)
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174

175

176

178

179

180

v oc%,E oc%,androcn2
(b)
Shortest wavelength or cut-off wavelength
depends only upon the voltage applied in the
Coolidge tube
(a,c,d)

n?h?
4an2mKe?’

a.n = ie,n, «n?

) h
c. Bohr’s 2nd postulate, mvr = Z—n

KZe?
d K, =&
21

(ac)
Power loss increases the temperature
(a,b)

KZe?
yUp =

™

du _ Ke? .
Fl=—=—= O
Ke?  mv? ..
=, (i)
nh
and mvr = P (iii)
By (ii) and (iii),
_Ke*an’m _ , m .
==K ()

Total energy = % (potential energy)

Ke? B —Ke? _ —Ke?n®
6r3  _(km\®  6K3im3
6 (")

Total energy o n®
Total energy o« m™
=~ (a) and (b) are correct

(a,b,c)

a. U; = E, then total energy in the orbit = % = g

b.IE = (TE)peor — (TE)p=y = 0 = (TE)pey =

E
2

)

. (RE)poy = ~(TE)poy = = (3)
(a,d)
The time period of the electron in a Bohr orbit is
givenby T = 2nr/V
Since for the nt" Bohr orbit, mvr = n(h/2m), the
time period becomes

2nr 4m’m)
T = = r
nh/(2nmr) nh
Since the radius of the orbit r depends on n, we
replace r

3

Reference level
for PE

181

182

183

The expression of Bohr radius of a hydrogen atom

. h%e
isr =n? (—"2)
mme
n3 (4h3sg)
me*

Hence, T = (4n2m) (n4h4€g) -

nh m2m2e*

3
. T, n
For two orbits, = = (—1)
T; ny

Itis given that Ty /T, = 8. Hence, n,/n, = 2
(b,c,d)

Let collision between two atoms be an inelastic
one. From momentum conservation, mv, =
mv, + mv,

O—w O
m m
Before collision
O— v O—m
m m
After collision
From energy conservation,
2 2 2
mvy mv; mv
L, M MY _ g
2 2 2
Where AE is the energy absorbed by the initially

stationary atom to change its state

Solving above equations, we get

4AE
_ 2 2,2
(v1 —v3) ) m

For collision to be inelastic, (v; — v,)? = 0: areal
quantity [equal to sign for perfect inelastic
collision]

The minimum value of AE is 10.2 eV, so for
collision to be inelastic, E > 20.4 eV

For perfectly inelastic collision, v; = v, and hence
E =204eV

For E = 18 eV, the collision is elastic one and as
masses are the same, velocities would be
interchanged during collision

(b,c)

Any transition causing a photon to be emitted in
the Balmer series must end at n = 2. This must be
followed by the transition fromn = 2ton =1,
emitting a photon of energy 10.2 eV, which
corresponds to a wavelength of about 122 nm.
This belongs to the Lyman series

(b,d)

When potential difference between filament and
target is increased, then KE of striking electrons
gets increased. Since most energetic electrons
now strike the target, therefore more energetic
electrons are emitted. It means, frequency of X-
ray photons increases. It means, penetration
power of X-rays gets increased

To increase the photon flux, rate of collision of
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184

185

186

187

electrons with the target must be increased. This
can be achieved only when rate of emission of
electrons from the filament is increased. To
achieve this, filament current must be increased.
Therefore, options (b) and (d) are correct

(9

We know that 4 « %

For ordinary hydrogen atom,

1 1= 36
22 32 T4 T 5R
W1th hypothetical partlcle, required wavelength
1 36 18
A=
5R 5R
(a,b,c)

EF = EFf + AE = —13.6eV+12.75eV =

—0.85 eV i.e., hydrogen atoms are excited ton = 4
level, i.e., transitions4 —» 1,3 - 1,2 > 1 are
possible which correspond to Lyman series, then
transitions 4 — 2 and 3 — 2 are possible which
correspond to Balmer series, and then transition
4 — 3 is also possible which correspond to
Paschen series

(a,b)

T, = nn

41n (n)

In (4,/4))
A nZ
In (—n> =In (—n> Inn* = 41n(n)
Ay nr
(b,c,d)

Statement (a) is false. The shortest wavelength of
the X-rays emitted depends on the energy of the
electrons incident on the target. This, in turn,
depends on the potential through which they have
fallen. In fact,

hc

eV

Statement (b) is true. X-ray spectra of all heavy
elements are similar in character.

Statement (c) is also true. The short wavelength
of the X-rays (compared to the grating constant of
optical grating) makes it difficult to observe X-ray
diffraction with ordinary gratings.

Statement (d) is also true. The sharp limit on the
short wavelength side is dependent on the voltage
applied to the incident electrons and is give by:

hc

eV

Amin =

Amin =

188

189

190

191

192

(b,c)
Lyman series lies in the ultraviolet region, Balmer
series in visible region, and Paschen series in
infrared region

CAR > Ay > g > Ay

(d)

Method 1: Memorisation

In Lyman series, we get energy in UV region

In Balmer series, we get energy in visible region
In Paschen/Brackett/Pfund series, we get energy
in IR region
Method 2:

We know that%

1 1
(n—% - n—%) for hydrogen atom

for e~ transition fromn, - n,

For 4 to 3, Eoc——R[——%] 9:16

For 2to 1,3 to 2,and 4 to 2, we get more value of
1/4,i.e., more energy than 4 — 3

IR radiation has less energy than UV radiation
Therefore, the correct option is (d)

(d)
For hydrogen and hydrogen-like atoms,
(z )2
-13.6 —
(n )2

Therefore, ground state energy of doubly ionized
lithium atom (z = 3,n = 1) will be

(3)?
@2
-~ lonization energy of an electron in ground state
of doubly ionized lithium atom will be 122.4 eV
(b,c)

Bz (1-5) ~ Eor* (3-3) =
0% 9) "% {379

= 3E0

E; = (—13.6) = —122.4eV

3E, = 27E 7?2

A
>z=2—;=3
Az

1
KEy = (1-5) - &

1
KEZ = E0Z2 (1 _Z>_¢

1
KEOC/1—2=8.5eV

(ac)

First line of Lyman series is obtained during
transition of hydrogen atom fromn = 2ton = 1.
Hence, its energy is equal to E; — E; = (13.6)eV —
(=3.4eV)=-12eV

- Wavelength of the first line of Lyman series is

equal to

12375
10_2A =12154
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193

195

196

197

Therefore, it lies in ultraviolet region

Since energy of all the other lines of Lyman series
is greater than that of first line, therefore all the
lines of Lyman series lie in ultraviolet region.
Hence, option (a) is correct

First line of Balmer series is obtained during
transition of hydrogen atom fromn = 3 ton = 2.
Hence, its energy is equal to E; — E; = 1.89 eV

-~ Wavelength of first line of Balmer series is equal
to 12375/1.89 A = 6563 A. It lies in visible region
Energy of last line of Balmer series is equal to

3.4 eV. Therefore, its wavelength is equal to
12375/3.4 A = 3640 A

Since it is less than 4000 A, therefore it lies in
ultraviolet region. Hence, option (b) is wrong.
Energy of last line of Paschen series is equal to
1.51 eV. It lies in infrared region. Since energy of
all the other lines of Paschen series is less than its
energy, therefore all the lines of Paschen series
will lie in infrared region. Hence, option (c) is also

correct
(a,b)

For the third line of Balmer series,n; = 2,n, =5
1= R22<i_i> = RZZ (i_i) = 21RZZ
A n¥ n3 22 52 100

E=-13.6eV
) ><2_1=E= 1242 eVnm
100 A 108.5 nm
1242 x 100
7?2 =4=7=2

T 1085x 21 x 13.6
Binding energy of an electron in the ground state

of hydrogen-like ion = 13.6Z2%/n? = 54.4eV (n =

1)

(@)

The maximum number of electrons in an orbit is

2n2. Since n > 4 is not possible, therefore the

maximum number of electrons that can be in the

first four orbits are

2002 +2(2)2+2(3)2+2(3)2 +2(4)
=2+8+18+32=60

Therefore, possible elements are 60

(a,c,d)

a.As v « 1/n, so momentum = mv < 1/n

b. is not true as radius r « n?

c.KE :%mvz,
Asv «x 1/n,so KE oci2
n

d. is true

(a,b)

The correct choices are (a) and (b). The last two
statements are incorrect because they violate the

198

199

200

201

202

principle of conservation of charge. We always
have either an electron-positron ‘pair production’
or an electron-positron ‘pair annihilation’. It is
only then that the total charge remains zero both
before and after reaction

(ac)

Moseley’s law: 4 «

z1—1=(z-1)2

A1 (z,—1\?
e ()
2

1 52 _ (z-1)?
(z-1) "4 (z-1)2

(a,c,d)
1 Ke?
Pn = MUy, Pp = Vp X, Ty X n?and K,, =

— e,
27

1
K, x—andL xn
n

(d)

We know that

1 1 1 1

- =RzZ?|=—-—=| = = x 22
A= n3 nf] 157

Ais shortest when 1/4 is largest, i.e.,, when z is big.
z is highest for lithium

(b,c,d)

Ground staten =1

First excited state n = 2

KE = L ef =1
 4meg 21 =1
14.4 x 10710
E=———¢V
2r
Nowr = 0.53n2A (z = 1)
(KE), = 144X 1077 V =13.58 eV
LT X053 x 101007 T OE
14.4 x 10~1°
(KE), = eV = 3.39 eV

2x0.53x10710 x 4
KE decreases by 10.2 eV

-1 e?2 —14.4x10710
Now, PE = pr—— - eV
—14.4 x 10710
(PE)l = Wev =-—-27.1eV
(PE), = —14.4 x 10710 = 679 &V
27 053x10-10x4 ¢
PE increases by 20.4 eV

nh
Now, angular momentum, L = mvr = p

h  6.6x1073*

L,— L, =— = = 1.05 x 10734
27 M T o 6.28 Js
(c)

_hc [6.63x1073* x 3 x 108

A 0.021 x 10~°

6.63 X 1073% x 3 x 108

T 0021 x 109 x 1.6 x 10-13
—591.96 x 10~*MeV = 59.196 keV

~ (c) is the correct option

MeV
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204

205

206

(d)
Amin =
(a,b,c)
When a stationary hydrogen atom emits a photon,
then energy of the emitted photon will be equal to
the difference of the energy of the two levels
involved in the transition. Hence, energy of
emitted photon will be equal to (E;;, — Ey,)

If a hydrogen atom is moving and a photon is
emitted by it along the same direction in which it
is moving, due to momentum of the emitted
photon, the momentum of hydrogen atom will get
decreased. Therefore, energy of the emitted
photon will be equal to (E,,, — E,, + loss of KE of
the hydrogen atom)

But if the photon is emitted in a direction normal
to the motion of the hydrogen atom, then the
frequency of the emitted photon will be equal to
fo- Hence, option (@) is correct, obviously, option
(d) is wrong

If the photon is emitted by the hydrogen atom in
the direction opposite to its motion, then
frequency of the emitted photon will be less than
fo- Hence, option (c) is correct

(a,c,d)

In Bohr model of hydrogen atom,

R x n?

hc
— : —
E 80x103

12400 .
A =0.155

1

V x—

n
To<n3andEoci2
n

VR xn
TE xn

(ac)

Statement (a) is correct. The angular momentum
of the earth (= mr? ) has to be equal to nh/2m.
This gives, n = 2rmr? w/h. Putting the numerical
values of the Earth’s mass, radius, and the angular
velocity, we get the given value of n.

Statement (b) is incorrect. The maximum number
of electrons allowed in an orbit being 2n?, the
required number is 2(12 + 22 + 32 + 42) = 60
Statement (c) is correct. The ‘reduced mass’ of the
electron [u = mM/(m + M)] being dependent on
the mass of the nucleus (M), the Rydberg constant
also varies with the mass number of the given
element

207

208

Statement (d) is incorrect. The ratio is not exactly
equal to 4 but slightly different from 4 because of
the dependence of the Rydberg constant on the
mass number of the element concerned

(a)
In case of coolidge tube,
Amin = :—5 = A, (as given here)

Thus, the cut-off wavelength is inversely
proportional to acceleration voltage. As V
increases, A, decreases
Ay is the wavelength of K line which is a
characteristic of an atom and does not depend on
acceleration voltage of bombarding electron since
A always refers to a photon wavelength of
transition of e~ from the target element from
2-1
The above two facts lead to the conclusion that
A — A increases as accelerating voltage is
increased
(a,b,c)
Since in hydrogen atom r;, x n?, therefore graph
between 7;; and n will be a parabola through
origin and having increasing slope. Therefore,
option (a) is correct. Since, 1;, « n?, therefore
1,/71 = n? Hence, log(r,/r;) = 2logn

[
:
S e logn
!

log

It means, graph between log(r;, /1) and log n will
be a straight line passing through origin and
having positive slope (tan 8 = 2). Therefore,
option (b) is also correct. It radius of an orbit is
equal to 7, then area enclosed by it will be equal to
A =mr?

Since r;, o n?, therefore 4,, « n*

Hence, ':—’11 =n*orlog (i—?) = 4logn

It means, graph between log(4,,/4;) and logn
will be a straight line passing through origin and
having positive slope (tan 8 = 4). Therefore,
option (c) is also correct.

If frequency of revolution of electron is f, then its
angular velocity will be equal to w = 2 f. Hence,
its angular momentum will be equal to

Iw = mr?w. But according to Bohr's theory, it is
equal to nh/2m, therefore,
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210

211

212

) nh nh
mr-(2nf) = o= or f = P

. 1
Since r « n?, therefore f o« —
n

Hence, In _

f
It means, graph between log(f,,/f1) and logn will

be a straight line passing through origin and
having negative slope, tan 8 = —3. Hence, it will
be as shown in figure. Hence, the option (d) is
wrong

(b,d)

Line emission spectra can be obtained for atoms

% or log (%) = 3logn

and molecules both. An atom or molecule in an
excited state emits photons by making a
transition from excited state to ground state thus
constituting line emission spectra

The wavelengths emitted by the molecular energy
levels which are generally grouped into several
bunches are also grouped and each group is well
separated from the other. The spectrum in this
case looks like a band spectrum

(a,b)

Continuous spectrum is obtained from the bulk
state of matter, it has no relation with the atomic
or molecular state. It is produced by thermal
vibrations of atoms in the macroscopic matter
(not by the transition between the energy states
of atoms). Every vibrating atom emits light of
frequency of its vibrations. In a white hot matter,
atoms vibrating with all frequencies within a
definite range are present, so this matter emits
frequencies of continuous range

(b)

The continuous X-ray spectrum is shown in figure

All wavelengths > A,,;, are found where

12375 ¢
—A

/1min -
Here, V is the applied voltage
EA

Amin —=2

(a,b,c)

Energy of K absorption edge
1242 eVnm

Bk = 0.0172 nm
Energy of K, line is
_ he 1242 eVnm

K« ~e2,  0.021nm

=72.21 X 103 eV = 72.21 KeV

= 59.14 KeV

214

215

216

217

1242

Similarly, Ekﬁ = m = 64.69 KeV
B, =22 _ o kev
kv 00180 ¢

Energy of K shell = (EKa - EK)
= (59.14 — 72.21)KeV = —13.04 keV
Energy of L shell = Ekﬁ, —72.21keV

= 64.69 keV — 72.21 keV = —7.52 keV

Energy of M shell = Ej  — Ej = % _
72.21 keV
= 69 keV — 72.21 keV = —3.21 keV
(ac)
Ec—B=3. O
a
K e
Kea K,S
L ) r
La L
M \ Ey
he ..
Ex —Em = (i)
Ey—Ew=% (i)
Aa
ii)-(i hc _ hc hc
(i))-(i) = Ey, — Em =kt k
1 _ 1 N 1
/1[*’ B Aa Ay
Also, (Ex — Ey) > (Ex — EL) > (EL — En)
hc S hc S he
A" AT Mg
(a,b,d)
nn—1
2
!
3
2

Y 1

If the initial state were n = 3, in the emission
spectrum, no wavelengths shorter than 4, would
have occurred

This is possible if initial state were n = 2

(cd)

V =6.6 kV=6600V

eV 1.6x10719%x6600
R~ 6.6x10734
= 1.6 X 1018 Hz

Thus, the frequency of the X-rays cannot exceed
1.6 x 1018 Hz. Hence, the correct choices are (c)
and (d)

(cd)

In the case of hydrogen,

Now, Vpax
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Atomic number = mass number
In other atom, atomic number < mass number
Therefore, (c) and (d) are the correct options
218 (b)
1. If Assertion is True, Reason is True, Reason is
correct explanation of 1

2. If Assertion is True, Reason is True, Reason is
not correct explanation of 1

3. If Assertion is True, Reason is False

4. If Assertion is False, Reason is True

219 ()
Lyman series: Its energy is in the ultraviolet
region
n=2
(Lyman)
n=
n =co
(Balmer)
n=2

Balmer series: Its energy is in visible region

Now, frequency of energy of ultraviolet photon is
much greater than frequency of visible region. So,
statement | is true. Statement Il is false

220 (a)
A H atom that drops fromn = 2 levelton =1
level emits a photon of energy 10.2 eV and
wavelength 122 nm. A He* ion emits a photon of
the same energy and wavelength when it drops
fromn = 4 level ton = 2 level

222 (b)
An alpha particle carries 2 units of positive charge
and 4 units of mass. It is made up of protons and
2 neutrons which make a nucleus of helium ie,
helium atom is a deoid of 2 electrons ie, doubly
ionized helium atom.

223 ()
It is difficult to excite nucleus by usual methods
employed for excitation for atoms because
difference in energy of allowed energy states for
nucleus is of the order of tens to hundreds of MeV.

225 (d)
As the energy of striking electron is increased, the

wavelength of the characteristic X-ray does not
change as characteristic X-rays are emitted when
electrons are making transition from a higher
energy level to a lower energy and energy of
characteristic X-ray is given by

hc
E=—= |Ef| — |E;| = E; — E;
Which does not depend at all on the energy of the
striking electron. The only dependence is that the
striking electron should possess enough energy
to knock out an electron from the inner shell

226 ()

a. Moseley’s law is about characteristic X-rays
b. In photoelectric effect, from electromagnetic
radiation, electrons are ejected. In X-rays, the
process is reverse; here, electromagnetic
radiation (X-ray) is produced from fast moving
electrons

Also X-rays are produced using high potential
difference

c. Cut-off wavelength is related to potential
difference applied in continuous X-rays

d. In continuous X-rays, electromagnetic
radiations are emitted

(d)

a. KE of electrons striking the target: KE = eV

So, if V increases, KE increases

Cut-off wavelength: A, = @A

227

So, if V increases, i, decreases

b. If work function of target is increased in
photoelectric effect, the KE of photoelectrons
emitted decreases from: KE = hf — W,

Now, hfy = Wy = 2 =W, = 1, = 2£
Ao Wo

It work function (W,) increase, then cut-off
wavelength (4,) decreases

c.eVy = kE, where V, is stopping potential. If
decreases, then KE decreases

V, is also decreased by increasing Wy, hence A,
decreases as explained above

d. fi, = ch(z — 1. If fi,, increases, then fj,_

decreases and hence Z decreases

(d)

Burning candle gives continuous spectrum,
sodium vapour gives line spectrum, Bunsen flame
give band spectrum and dark lines in solar
spectrum are due to absorption spectrum.

228

229 (b)
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230

231

232

From Moseley’s law: f = % = R(z — 0)? (ni% — ni%)
For Al, Z is highest and for Kg,ny =1 and n, = 3;
and for K,,n; = 1,and n, = 2

Hence, order of frequency:

fieg (AD) > fie, (AD) > fie (Na) > fi ,(Be) > fi, (Li)
Speed will be same (c) for all photons of any
frequency

()

a. Emission spectra is discrete as only those
wavelengths are emitted which correspond to
energy difference of two energy levels

It is due to electronic transition, i.e., due to
transition of electron from one energy level
(higher) to the another energy level (lower). It is
explained by quantum theory of light

b. For energies of incident light less than
ionization energy, the absorption spectra is
discrete. For energies of incident photon greater
than ionization energy, the absorption spectra is
continuous. It occurs due to electronic transition
which is explained by quantum theory of light

c. Continuous X-rays constitute continuous
spectra and characteristic X-rays arise due to
electronic transition

d. Thermal radiation spectra is a continuous
spectra and is explained by atomic transition and
quantum theory

()

af= mz2et
’ 4e2h3n3

72

=%
b.L=n—h:Locn
27T

c. Magnetic moment: M = [4 = ivnrz

e e ( )= e L
—Zvr—zm mvur =
u e (nh)
>5M=—|—] >«
2m\2n n
ev e (mmZe? Ze? z2
d.I= 2nr  2m (nzhzso) 2ggnh « n3
(c)
3 .529n?2 A
T, = Z
So, (@) = (s)
3
Magnetic field, B = 121'1552 T
So, (b) = (V)
B 1
(x —
ns
2.2%x 1007
V= T
Vo o~

234

235

236

nti 1

So, (c) =~ (@)

Total energy, E,, = %ﬁzzev

nTE, T

So, d. - p.

(b)

a. Photoelectrons can have KE anywhere from 0 to

KEmax = hc/A— ¢

So, average KE is unpredictable

b. Minimum KE can be zero

¢,d. In continuous X-rays, wavelength can vary

from Ay, = he/eV to oo

(a)

_.529 n?

- Z

So, (a) = (q)
22X 106 Z

= —— 1Ins
n

So, (d) = (p)
1.06 Z?
I = 3 mA
n
So, (b) = (1)

Magnetic field, B =

A

Th

-1
n

12.5 73
n5

T

So,c. —s.

(b)

1_R 1 1
A \n? n2

Wavelength range from 950 A to 1350 A
corresponds to ultraviolet region of
electromagnetic spectrum, i.e., Lyman series
For transition 4 — 1:

1 15
—=1.1x107 (—)

o 16
AN = 16 =970 A
1715 x1.1x107
For transition 3 — 1:
9 o
A= gx1axi0r - 084
For transition 2 — 1:
4 o
Ay =———=1212A
7 3x1.1x107

For Li? atom (Z = 3), for transition 2 — 1:

1 ) 1
7 =F2(1-3)

, 1
A T 1.1x107 x9 % 0.75

For He* atom (Z = 2) for transition 2 — 1:

1 ) 1
7 =k7(1-3)
o 1

T 1.1x107 x4 % 0.75

=134 4

= 3034
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238

239

240

241

242

243

(b)

h nh
On other planet: mvr = 2n—=v =
21 mmr
mv? 1 e? mn?h? 1 e?
= —_— = —
r Ameyr?  n?m?r3  4meyr?
4h%¢g
Puttingn = 1, we getr = 2
& ! & mme?
(c)
h2g n?h%g, 22h2%g,
ag = andr = = = 8a
0™ rme2 tmee2  m(m/2)e? 0
(a)

Internal forces act between electron and proton,
then how can the atom get an acceleration

(9

Given that EF; = —15.6 eV,E,, = 0eV

lIonization energy of the atom:

Ew, —E;, =0—-(—15.6eV) = 15.6 eV

So, ionization potential = 15.6 eV

(9

We can use the equation:
3R

1 1 1 1 1
Z:R<E_E>:R(F_Z_Z)ZT
4 4
T 3R 3(1.097 x 107)
=1.215%x107’m = 121.5
The frequency of the photon is

c 3.00 x 108

2~ 1215x 1077
The energy of the photon is E = hf

= (4.136 x 1071%)(2.47 x 10'®) = 10.2 eV
(b)

A

= 2.47 x 1015 Hz

As we know, energy of a photon is given by E = %
2
From the given condition, 4 = 1;2 Si

_ he _ _hc _1 10
Hence, F == = = (1 pz) X 101
hc

1
- 1- —) x 1010V
(1500) (1.6 X 10—19)( P2 ¢

1
= 8.28 (1 - 17) eV

Hence, energy of n'" state is given by

8.28
En = —?eV
n=3 -0.91 eV
n=2 -2.07 eV
n=1 -8.28 eV

Maximum energy is released for transition from
p = o to p = 1; hence, wavelength of most
energetic photon is 1500 A

(b)

Consider energy level diagram of hydrogen atom.

244

After absorbing photons of energy 10.2 eV, it
would reach the first excited state of —3.4 eV,
since energy difference correspondington =1
andn = 2 is 10.2 eV. When this excited hydrogen
atom de-excites, it would release 10.2 eV energy,
which is absorbed by He™ and Li?*
Energy of the n'" state of a hydrogen-like atom
with atomic number Z is given by
13.6Z2

n= ) e
After absorbing 10.2 eV, He* electron moves from
n = 2 ton = 4 and Li?* electron moves from
n=3ton==6

n=4 -3.4¢eV

n=>3 -6.04 eV
n=2 -13.6 eV
n=1 -54.4 eV

Energy levels of He"

In the spectrum of He*, there would be *C, = 6
lines

n=4

I’l:3 ¢ ¢
n=2

n=1 / [

Transition in He"

hc

Ao 1242

== _244nmm
n=4-n=1 AE 13_6[4_116]

n==6 -3.4eV
n=>5 -4.89 eV
n==4 -7.65 eV
n=3 -13.6 eV
n=2 -30.6 eV
n=1 -122.4 eV

Similarly, in spectrum of Li?* there will be
6C, = 15 lines
Amin 1242
n=6-n=1 13.6[9—1
36

(b)

Let the final speeds of neutron and singly ionized
helium atom be v; and v,, respectively. From
conservation of momentum, we have

Along x-axis: mu = 4 mv,cos8 (i)

Along y-axis: mv; = 4mv,sin8 (i)

On squaring and adding equations (i) and (ii), we
get

u? +v? = 16v2

= 10.4 nm

1

1 1
Smu? + 577”712 =-16 mv?2  (iii)
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245

The initial kinetic energy of neutron = 65 eV
Let kinetic energies of neutron and helium atom
be

1 2
2 2 (4m)v3
So, Eq. (iii) reduces to 65 + K,, = 4Ky,
4Kye — K, = 65 (iv)
a. Energy required to excite an electron from
ground state of singly ionized helium atom (Het)

1 2
Kn = smvi,Kye =

to n'™™ energy level is u? + v? = 16v3
If the neutron has sufficient energy to excite the
helium atom, then from conservation of energy,

the energy of neutron must be equal to the sum of

kinetic energy of neutron, helium atom, and
excitation energy. So, we have

1
65 = Kn + KHe + 544 (1 = ﬁ)

54.4

Kye + K, = 10.6 + Wz V)
On solving Egs. (iv) and (v), we get
Kie = [15.52 + 25| eV (vi)

Kn =22 - 452]ev  (vii)

The kinetic energy is always positive, so from
equation (vii) we have

43.52
n2

>452,n<3.1

So, the only possible values of n are 2 and 3

Possible values of n

2,3

Allowed values of neutron energy

KN

6.36 eV,0.32 eV

Allowed values of He atom energy

Kye

17.84 eV,16.33 eV

b. When the atom de-excites,
(13.6)22 x 1.6 x 10719 [ 1 1

6.63 x 10~3* nZ n2
=133 lz—iz X 105 Hz
ny ng

The electron excited to n = 3 can make three
transitions:
n=3 to n=1, v, =11.67 x10'° Hz
n=3 to n=2, v, =9.84x 10" Hz
n=2 to n=1, v3=183x10° Hz
(<)
For a conservative force field,

auv
-0 =

Since U = klogr,
This force F = —k/r provides the centripetal

246

247

248

249

force for circular motion of electron
mv? k .

== (@

T T

Applying Bohr’s quantization rule,

nh .
mur = — (ii)

From Egs. (i) and (ii), we get

nh
r =
2nvmk
From Eq.(i),

KE of electron = % mv? = %k
Total energy of electron = KE + PE
PE of electron = k logr

1

=§k+k10gr

g =K1 4 10g 0
=2 8 4rZmk
(d)

For Balmer series, ny = 2;n, = 3,4, ...

(lower) (higher)
Therefore, in transition (VI), proton of Balmer
series is absorbed
()
Let n be the lower energy level of the given series
of lines, then maximum wavelength is given by

hc _ ) 1 1
T = 136X 7|5 ]

c ) 1 1
Amin=136><Z [ﬁ—ﬁ

Where A, = 41.02 nm and A,i, = 22.79 nm

Solving above equations, we get n = 2, which

corresponds to Balmer series

Z=4

For next to longest wavelength, transition takes

place fromn; =4ton, = 2

S0, =13.6 x 47 [2 - =

6

A =30.47 nm

(a)

The minimum energy required to remove the

electron from K-level is 3 x 10715 ]

Let V be the potential difference required, then

eV=3x10"1]

3x 10715

~ 1.6x 10719

(d)

As photon energy of incident light is not equal to

energy difference between two energy states, that

is why sample A does not absorb any photon and

therefore remains in ground state, and hence, no

emission spectra. Thus, sample B remains as it is,

but it will de-excite itself to ground state by

= 18750V
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250

251

252

253

254

emitting radiations of energy 10.2 eV

12.5eV | Sample | Emission Sample
VN A spectra B

When photon energy is replaced by electron
beam, then atom of sample A can absorb either
10.2 eV (to reach 15t excited state) or 12.1 eV (to
reach 2" excited state). In emission spectra of 4,
we will have 3 lines correspondington = 2 to 1,
n =3 to 2 andn = 3 to 1, having energies equal
to 10.2 eV,1.9 eV and 12.1 eV, respectively

As least energy of this emission spectra is
corresponding to transition fromn = 2 to 3 and
sample B is in 15t excited state, so B can be
excited to some higher energy level and if B
absorbs energy correspondington = 1 to 2 and
n = 1 to 3, then it may ionize

(a)
, 1
AE = —13.6Z 2—2— ?]
472 = 13.6 22|~ 1] N
L= 0z 4 9 zZ =
(c)

Characteristic X-ray arises due to transition of
electrons

()

In photoelectric effect

E=W + Knax

=0.73 +1.82

=2.55eV

()

Least intensity 2 - 1 = K, X-rays

(b)
,(1 1 , (1
AE = {13623 (F—2—2> - 136ZA <F—

1.36 X 3
81.6 eV = Y

Z3-72=8 (i)

Using conservation of momentum,

For A, myu = MV; — mA%

2y

(Z& — Z%)eV

- = MV,
ZmAu 1

For B,%mBu = MV,

But, MV, = 3MV,

mpg — 3my

Since both A and B carry same number of protons
and neutrons, we have

Zg =3Z, (ii)

ButZi—Z; =38

972,73y =8

Z,=1,Z5=3

Hence, Ais ?Hand B is §Li
Now, the difference in energy between the first
Balmer lines emitted by A and B

1 1y, 1 1y,
AE = 136 (?_3_2)23 - 136(2—2—§>ZA

5
=13.6 X — x (Z2 — Z32)

36
_13.6><5><8

=151 eV
36 ¢

255 (c)

Number of atoms in the second excited state

Nay 15

N, = 2 5 m x —
2= ™ 700

_ 6.023 1023

1.008
In the first excited state,

N,
Nl =ﬂm

M
256 (d)

100
E2 _El - (2—2_E1>

hc _ 1242 eV.nm
Adps1 94.54nm
E; = —17.52eV = Z?Ey,
hc _ 1242 eVnm

x 1.8 X 15 =1.61 x 1023
“ 7100

27
X — =29 x 10?3

=13.14 eV

Es—E; = Ton 976 nm 15.57 eV
E; =—195eV
hc 1242 eV nm
E,—E; = Ton BTy e—— 16.42 eV
257 (4)
Ephoton = 13.6 (1 - %) eV=13.0eV
E /c = mv (momentum conserved)
E (13)(1.6 x 10719)
v=—= — =4m/s
mc  (1.67)(10727)(3)(108)
258 (2)

The shortest wavelength of Brackett series is
corresponding to transition of electron between
n; =4andn, = o

Similarly, the shortest wavelength of Balmer
series is corresponding to transition of electron
betweenn; = 2andn, = o

(2)? (%) = (ﬁ> or Z=2
(6)

4
When electron jumps from n'™? state to ground
state, number of possible emission lines
= n(n — 1)/2. But here transition takes place

259

from n' state to state n; = 2

Here, number of possible emission lines
=nn—-1)(n—2)/2 = 10 (given)

On solving, n = 6
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260 (9)
Number of revolutions before transition =
frequency X time
1
Also, frequency « =

(1/2)312.8x1078

So required ratio = /37 a8x108 — 9
261 (1)
Heat produced/sec = 200 W
~ 200 200 10 mA
= = = =
TV T2ox103 T M
262 (5)
mz2e* mz2e*
En=- 8e2n2h?’ sohf =+ 8e3h2 [_ T 25
mz%e*[ 9 .
“f = 8eZh3 [16><25] ®
Z%e*m Z%e*m

and frequency f, = einind = 3 (ayne (ii)

~f/fa=18/25,som =5

263 (2)
T, n3 8 nd n 2
—_— i — —_——— 0 — = —
T, n3 8, n} n, 1

264 (6)
A (Z,—1)? 1
TSR o P DO
N Zo1) (smce/,l ( )

1_ (2-1)?

; onsolving, Z, = 6

4 (11-12
265 (8)
Change in angular momentum = /w
mh nh (m—n)h
S T m T e
266 (4)
For the first line of Balmer series of hydrogen
1 1 1 5R 36
1=R(z-5) =% 245

For singly ionized helium Z = 2

L _ (Ll 1
o nZ n?
wen i = 1 _1)_sR
Given A —/1=>4R(n% n%)_36

:n2=4‘
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