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CHAPTER 2: ATOMIC PHYSICS

Test Your Concepts-I
(Based on Atomic Structure and Properties)

1.

2 2
@ E-E = 1360) {(13.6)(3)

=108.8 eV
(3) (1) } ¢

A:E A=11374 A
108.8

(b) Number of lines in emission spectrum is
_nln-1)
2

N=(3)(3—1)=3

Since, E, =—— eV
So, ionisation energy, n=1, for Li**(Z=3) is

(13.6)(3) .
(1)
— IE=1224eV

I[E= V

Energy of electron in ground state of hydrogen atom is
-13.6 eV . Earlier it had a kinetic energy of 2 eV
Therefore, energy of photon released during formation
of hydrogen atom,

AE=2-(-13.6)=15.6 ¢V

A=@=@=793.3A
AE 156

For a deflection of 180°, the o-particle must be
approaching the nucleus head on. Since, we know that

Lo 2 [2ze)_ 1 (2ze
0 dre, n"Iﬂf)é dme, | K,

where, K, =125 MeV=125x16x10" 7, r,=?
o 0

~2(9x10°)(79)(1.6x10™" y

n= - =1.82x10"* m
12.5x1.6x10

Since the frequency of revolution of an electron in 1

orbit is

o

v

:> — 1
Ju 2nr

2.18x106(z]

n -1

= fi=

S
2
2%3.14%0.529 X 101‘3(%]

Thus, number of revolutions completed in 107
second in =2 state are

N=f,x10"

_218x10°x10" 72
2x3.14%0529%1070  »3

= N=82x10° revolutions

The frequency of revolution of electron in n™ orbit is

o, is the number of revolutions made by electron in
1second. For n=1 orbit of hydrogen atom, we have

- 2.18x10°
2%3.14%0529%x 107

=  =656x10" rev/sec

rev/sec

@,

Since U =-klog,r
In the given situation, the centripetal force on electron
in n™ orbit is given by

k

T

du
|F=‘——
dr

Ifin n™ orbit speed of electron is v, then, we have

mvﬁ B E
rﬂ - rﬂ
= mvﬁ =k ..(1)

According to Bohr’s Quantization Rule, we have

nh
mo,r, = — (2
n'n 2?1_ ( )

From (1) and (2), we get
. nh
" 2nmk

Energy of electron in n™ level is
E,=KE, +PE,

1
= E, = Emvﬁ ~klog, r
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e
= E"=E7kloger = E3751=@=26.9ev
2 460
~ = _klog, [ _nh ] Pince, £5 =0
2 2nJmk = 0-E=269¢V
K’ E =-269¢V
= En=£{1—10gf( nzh ]:| = n 69¢
2 4mmk Further, A, =1035 A
8. (a) As the atoms finally emit radiation of only 3 dif- 12375 .
ferent ph ies final excited - = -Ly= A=12eV
photon energies final excited state corre 3727 035
spondsto n=3. o N
So, the initial excited state corresponds to n=2 = E=-l2eV o
1 1\ 1237 11.  When hydrogen atom is excited, then we have (Y1
= 22(13.6)(———)=ﬁ b=
4 9) 1654 11 o
eV=E)|--= (1)
= Z=2 1 -
Therefore, it is helium atom. When ion is excited, then I
(b) Ionization energy is 11 U
V=EZ2}| - 2
IE=7*(136eV)=(2)' (136 €V) R (22 nf] @
= [E=34eV Wavelength of emitted light is
n(n-1)
© N==—=6 @on(l_i} )
A I
1 1
So, E=E,-E, = (13.6)(4)(—— —) =102eV
v 4 16 E:EGZZ l—iz (4
Ay 1 n
9. Energy of photon corresponding to 4 =6563 A is Further it is given that
AE=@ eV=188¢V A5
6563 -1 ()
2
) T1.88ev n= Solving the above equations, we get
' n=2
Z=2,n=2,m=4and V=102V
12.1eV Energy of emitted photon by the hydrogen atom is
AE=E,-E =102 eV
L. n=1

and by the ion is
This is the difference in energy between n=3 and
n = 2. Hence the single electron in the hydrogen atom
should excite at least upto n=3 and for this the mini-
mum energy of the striking electron should be 12.1 eV.

1
AE'=E,-E, = (13.6)(2)2(116)= 51eV
12. Energy of photon of the first line of Lyman series is

: 1
10. Given E;=0 E=E2—E1=(13.6)(2)2(1—Z)=40.8 eV
Ay =460 A Energy required to ionize the hydrogen atom is
ne3 13.6 eV . Therefore, kinetic energy of electron emitted
4 5 from the hydrogen atom is

K=(40.8-13.6) eV=272¢V
= K=4352x10"]

1
LA n=1 Since, K = Emvz =4352x107%



ICON

H.40 JEE Advanced Physics: Modern Physics

13.

14.

[2x4352%107
v= a1
9.1x10

= 0=31x10° ms™

(a) From figure, we observe that

Ionisation
Potential

] =156eV

12375

(b) A, =-—r>=2335A
5.3

(€) AE;=-3.08-(-15.6)=1252¢eV

Therefore, excitation potential for state n=3 is
1252V
1 AR,

(d) —=

) 41252 4
Ay 12375

12375

= i=1.01><10? m~!
31

(e) () E,-E;=103eV>6eV
Hence, the striking electron cannot excite the

hypothetical atoms. So, the electron will keep
its energy with itself.

= K,,=6eV

(ii) E,-E =103eV<ileV
So, the electron can excite the atom.
= Kyn=(11-103) V=07 eV

2
(@) z=3 for Li**. Further we know that r, = n—ao
z

Substituting, n=3, z=3 and a;=0.529 A, we
get r, for Li*

(3)° .
r=——(0529) A=1587 A

(3)

(b) z=2 for He". Also, we know that
z

U” = EU]
Substitutingn=4,z=2and v; =2.19x 10° ms™,
we get for He",

v4=(%)(2.19x106) ms™!

= 0,=1.095x10° ms™

15. Magnetic moment u = NiA = (%)( ar)

16.

17.

ae
nth
We know that mor =— ..(2)
2n
Solving equations (1) and (2)
_ neh
dm .
Magnetic induction, B= Bt _ Ho®
2r 2T
) -0
(2r)(27r)  dnr
From Newton’s Second Law, we have
e B mo*
dmeyrt v
2
= =0 (4
dmeymr

Solving these equations, we get

27
Tme
B_JuD

© 8eh’n’

The force at a distance r is,

Suppose r be the radius of nth orbit. Then the neces-
sary centripetal force is provided by the above force.
Thus,

2
mo

——=2ar (1)
’

Further, the quantization of angular momentum gives,

nh
=— (2
mor P (2)

Solving equations (1) and (2) for r, we get

( nzhz ]1/4
r= 5
Sammr

The time period T of an electron in a Bohr orbit of
principal quantum number n is

~ n3h3
4?72 m
= Ton’
I ”f
T, “g
Since T; = 8T,
N
= (1] =8
)
= m=2n,



18.

19.

20.
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Thus, the possible values of n, and n, are
nm=2,n=1
m=4,n,=2
n=6,n,=3 andsoon.....

Since, E; =-13.60 eV

Also, we know that

TE:J(E:%

= K,=-E =1360eV
= U =2E =-2720 eV

2
Further, E, = - 13'622
n
Fy=—L =340V
(2)

= K,=340eV and
= U,=-680eV

Now U; =0, ie., potential energy has been increased
by 2720 eV. So, we will increase U and E in all
energy states by 27.20 eV while kinetic energy will
remain unchanged. So, we have

Orhit K(eV) U(eV) E(eV)
First 13.60 0 13.60
Second 3.40 20.40 23.80

Wavelengths corresponding to minimum wavelength
(Amin) OF maximum energy will emit photoelectrons
having maximum kinetic energy.

(Amin ) belonging to Balmer series and Lying in the
givenrange (450 nm to 750 nm) corresponds to tran-
sition from (n=4ton=2).Here,

13.6
(4)

13.6

and EZ = *@ =-34eV

= AE=E,-E,=255eV

So, K.« = Energy of photon — work function

= K., =255-2=055¢eV

For 0<x<1, PE=E,

= (Kinetic energy K, ) = (Total energy ) (PE)
= K,=2E,-E,=E,

21.

22

23.

Hints and Explanations H.41

h
M= (1)
\J2mE,
For x>1, PE=0
= Kinetic energy K, = Total energy =2E,
h

A=
= ] @

From equations (1) and (2), we get

Mo
/12

(a) Kinetic energy of electron in the orbits of hydro-
gen and hydrogen like atoms =|Total energy |
So, Kinetic energy =34 eV

(b) The de-Broglie wavelength is given by

_k__*k
P ~2Km

where K is the kinetic energy of an electron
Substituting the values, we get

_ (6.6x107 Js)
(2(3.4x16x107 1)(9.1x10™" kg)

= A=663x10"m
= 1=663A

The energy lost by the electron in exciting the hydro-
gen atom from ground state (-13.6 eV) to first excited
state (-3.4 eV) equal to AE;, =102 eV

= AE=1636x10"]

Now, the initial energy of electron is 20 eV=32x10"" J.
Hence the kinetic energy of the scattered electron is

Er =32x107" ] -16.36x107 ]
= Eg=1564x10""]

The velocity v of the scattered electron is given by
2
—mv”=E
’ K

1

1 —
[ZEK )5 (2>< 15.64x107 ]2
= U=l — il T
" 9.11x10

= 0=186x10° ms™

The maximum wavelength will correspond to the
minimum energy transition of an electron. For ground
state of hydrogen atom, the minimum energy transi-
tion is for n=1 to n=2, for which energy released
will be

CHAPTER 2
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24,

25.

= AE,=(-34eV)-(-136¢V)
= AElZ = 102 EV

Thus 10.2eV energy is absorbed in the form of a
photon. So, if 4 be the wavelength of photon, then
_ 12400 ¢

10.2

= A=1216 A

For next smaller wavelength, the possibility is for an
electron transition from n=1 to n=3, for which the
absorbed energy photon required is

= AE;,=(-15kV)-(-13.6eV)

A

If A" be its wavelength, then we have

12400 4
12.09

= A=1026 A

Minimum wavelength is corresponding to transition
from o —1 hence

12431
=T A
Fmin 13.6
and maximum wavelength is for transition 2 — 1
A= 12431 i
10.2
— j'min - é
A 4

max

The ionization energy for a hydrogenic atom can be
given as energy required to excite electron from n; =1
to 1, — e given as

E= Rch[%—%]
o

= E= RCh(llz_iz] joule

= E=(Rch)joule

If motion of nucleus is considered, then the value of
Rydberg constant can be given by

. et mM,;
SESChB m+ MH
So, the ionization energy of hydrogen and deuterium
atom can be given by

e [ mMy,
Ev=_35
8egh™\ m+ My

], where My =1840 m

et mMp
8e2n\ m+ Mj,

The difference between the two energies E, and Ej, is

and Ej= ], where Mp = 3680 m

et mMp mMy
= gl -
gh”| m+Mp  m+My
et (3680 1840
= T e 3681 1841
&

= AE=588x10%]
= AE=668x10" eV

Test Your Concepts-Il
(Based on X-rays and Properties)

1

2,

For 2.=1A ,wehave

V=@=12.4k\1

-34 8
Photon energy, E= % _ 6:63x 1201: 3x10

= E=2x1079]
(a) Short wavelength is given as
Ain =045 A

Maximum photo energy is given as

hvmax = £
/-Lmin

= 12431 =27624.44 eV
0.45

E

max ~

max

= E,.=27.624keV
(b) The minimum accelerating voltage for electrons is

27.6 keV
e

i.e. of the order of 30 kV

=276kV

If the short series limit of the Balmer series is corre-
sponding to transition n=c to n=2 which is given
by
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The shortest wavelength corresponds to n — < to
n=1.
Therefore A, is given as

2 =
1 1
= (2-1'=—>= m—
AR x—(A)
3644
o (z-17=%_gp
4
- Z-1=302
= Z=312=31

Thus, the atomic number of the element is 31 which is
gallium.

Photons travel at speed of light, so time taken by both
photons is

_d_3x10°
“c 3x10°

t =107 s=10 ps

Using the equation, \/f=a(Z—b) (b=1)

Since, b=1, so we get

h{ 214 ‘1)2
fCu ZCI!_]‘

Z, -1 2
= = _
an fCM(ZC”_lJ

2

57 -1
=1.88><10“‘(—)

= fi’.n 29_1

= f,=752x10" Hz

Since, A= 12575

3 - /12=1237512375=12375[ 1 1 J
Vi W V. 15V

, 50 we have

where A, - 4, =26 pm =026 A
= 026= (12375)(i]
3V

= V =15865 volt

Cutoff wavelength A4 ;. is given by,
12375 12375 _

(involt) 40x10°

Aomin (N A) = 31A

v
When an electron of charge e is accelerated through a
potential difference V;, it acquires energy eV, . If m
be the mass of the electron and v, the maximum
speed of electron, then

10.

11.

Hints and Explanations H.43

1mvz =eV,
2

max

/2€V0
= Upax =4
m

Substituting the given values, we get

) \/2><(1.6x10"19)><20000
max ~ 9)(10_3]

= Vg =84x10" ms!

Since tungsten is a multielectron atom, so due to the
shielding of the nuclear charge by the negative charge
of the inner core electrons, each electron is subject to
an effective nuclear charge Z;, which is different for
different shells. For an electron in the K shell (b=1)
thus effective nuclear charge is given as

Zeff =(Z*b)=Z*1

CHAPTER 2

Since an electron jumps from M shell (n=3) to K
shell (n=1), the radiated emission is called K 5 X-ray
and from Mosley’s law the wavelength emitted of Kp
X-ray is given as

L:R(z_nz[l 1]

I, 2 2
= L:10967800x(74_1)2(§)

= g, =0.192A

The binding energy for K shellin eV is

p= e 0 oy 6o kv
Ao 02
The energy of the incident photonin eV is
_he _ 12400
A 015
Therefore, the maximum energy of the photoelectrons
emitted from the K shell is

Epox =E—E, =(83-62) keV =21 keV

=83 keV

Given that

2{ 12375% 1070 } 1

3 =
34.3x10 1.o9><107(2—1)2(1—i]

= Z=42

12. Energy of K, line =100-24=76 keV

. 12375
K™ 76%10°

= A, =0163 A
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Single Correct Choice Type Questions

1. :rnr,nv‘:(Zrt)i

2
2nh
= U=—
mr
1, 1 (m]z (20h)?
= —mv=—m|—| = 5
2 mr 2mr
2 2
Since, z =
TTET r
7e2  (2nn)?
= =

(2nh)” 47,
f=—
2

Now, total energy of the atom is

2 Z24

Z
E=KE+PE=-— =— -z
8megr  8mey (2nh)” Ane,
2.4
= E=- ngnz
R2egnh

For the actual hydrogen atom, the binding energy is

452 2
£, =2 :—13.6[Z—Je\/

8n’he) n’

So, for the hypothetical hydrogen atom, we have

2 4 2
. M_5:_3_4[Z_]ev

ek’ 4 =

The longest wavelength is obtained when the electron

makes a transition from n; =2 to ny =1

he 12400 1

— = -34|1-=|=255¢eV

) ( 4] ¢

A=@=4863A=486nm
255

Hence, the correct answer is (B).

2. First excitation energy is given by

AE:RCh(l2 1 J:Rchx3
1 4

22
= %Rch =V,
4V
= Rch=—2L
3

Hence, the correct answer is (C).

ICON

_ “(]In
n
2r,
= B, = L. fu
Ty T
h v
= Byx-—Fe—to
Ty (?'" )

Bnoc 2 5
=)
Z

Hence, the correct answer is (D).

nh
mor = —
2
i_ (27r)
mo  n

where, L. de-Broglie wavelength
mo

Hence, the correct answer is (A).

1 1
AE = ]3.6(—2——2) =1322eV
7 6

. AE
Since, p=—
c

AE  1322x16x107"
9=—= 7 8

me  1.67x107 x3x10

Hence, the correct answer is (B).

=42 ms™!

Since, Ey, <Ey,
= /IKR >/1‘KB
Hence, the correct answer is (C).

Momentum of electron in different states

Pu = " P "
n= o+ Pg=757

Ay Ag

P 2
Kinetic energy, K=-—=
&Y 2m  2mA?
Total energy in an orbit of hydrogen atom,
hz
S omi?

i1 1
E -FE =—|—-—
B )
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P A=) he
2m ),;/15 A

n

2202
= Anzﬁ Zg ”2
h | A2-2

n g

-1
2meA? A2 2meA’ 22
= Ali=—g 17_? =— ¢ 1+—§
h i” h A’n

{ A, < A,”}
2meA? [ 2mel
= n= 2 g+[—k é]%=zﬂi+%

2mc/12, 2medt
where A and B are A= ; £ B= ; L4

Hence, the correct answer is (A).

9. Since, B=H0' oL
2r r

Magnetic field at the centre of hydrogen atom i.e. at
nucleus, is found by calculating the current due to

electron, given by
. e
i=—=e¢
T f
I’IZ 2
Since, we know that r « - and f o=
n

f

) i
Since, Boc —oc =
r r

72
[n_a] z
Be< 72 oc 5
n n
Hence, the correct answer is (B).

-15
0, =220 m 252
v 3x10°ms™ 3

Hence, the correct answer is (B).
11 Since, A=Ay ~ Ay (1)

When V is made half, A, becomes two times, how-
ever g remains the same.

= A=A, ~ 2
From (1), we have

Ain = Ag, —AA
= A=A, —2Ag, +2A4

12.

13.

14.

Hints and Explanations H.45

= AM'=20A-Ag,

= ALV <2AA

Hence, the correct answer is (D).
Lossin KE=[(-3.4)-(-13.6)] eV
= LossinKE=10.2¢eV

= imHvz =102x1.6x107™"

= 0=625x10" ms™
Hence, the correct answer is (A).

Assuming that ionization occurs as a result of a
completely inelastic collision, we can write

mvg = (m+ny )V

where m is the mass of incident particle, my; the mass
of hydrogen atom, v, the initial velocity of incident
particle and V' the final common velocity of the par-
ticle after collision. Prior to collision, the KE of the inci-
dent particle was

2

CHAPTER 2

mo
B
The total kinetic energy after collision
P (m+my )V _ m*vy
2 2(m+my)

The decrease in kinetic energy must be equal to ioniza-
tion energy, so we have

E,—:EO—E=[ M ]EO
m+my
E_ my
Eo_m+mH

i.e., the greater the mass m, the smaller the fraction of
initial kinetic energy that will be used for ionization.
Hence, the correct answer is (B).

KE of o-particle is K, =gV, =(2¢)V]

1 (Ze)(2
PE of a-particle is U, = (Ze)(2e)
4?580 TG

By Law of Conservation of Energy, U, =K,

2
2V, = 2Ze
dregry
Ze
= 1=
Are,Vy
(9%10°)(1.6x107™)(Z)

Y
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15.

16.

17.

= =144 xlO_m(Z]m
Vo

- r0=14.4[V£] A
0

Hence, the correct answer is (A).

According to Ritz Combination Principle

=V {for m <i<n)

m—si +Vi

v —=n

m—n

€8s Vi1 = Vi3 +V3,y OF
Visi=VantVay

Hence, the correct answer is (A).

R=n"R,

= logR=1logR,+2logn

R
= 10g(]=21()gn
Ry

= y=mx
Hence, the correct answer is (D).

A diatomic molecule consists of two atoms of masses
m, and m, ata distance r apart. Let r, and r, be the
distances of the atoms from the centre of mass.

The moment of inertia of this molecule about an axis
passing through its centre of mass and perpendicular
to a line joining the atoms is

— 2 2
[ =myry +myt;

As mn =myn

my my
O
O COM
ry ro
r
1,
= T‘l —_rz
Ty

m

= n=—2(r-n)
Ty
. Myt
On rearranging, we get 7, = —
1y + i,
. myr
Similarly, r, = —
my + iy

Therefore, the moment of inertia can be written as
mr ) mr Y mym
I=m, L +111, 1 =12 42

(1)

18.

19.

20.

(] |
According to Bohr’s quantisation condition
L:ﬂ:ﬂh [.h:i}
2 o
212
n°h
L=——=n't’ 2
ar?
12
Rotational energy, E= o
2 2;2
n nh
= aZr . o1 using (2
smi 21 fusing (2)}
2;2 9.9
nh™(my +m m, +m
- ( 1 2)=ﬂ h ( ) 22) fusing ()]

- 8n* (mymy )r* 2 (mymy)r

nh* (my +m, )
= E=—r———
2mymyr
Hence, the correct answer is (C).
uR MR
m M+m

B
A nyoom

1_MR(1 1
A M+m nlz f‘[%

Hence, the correct answer is (D).

1 1 1
—=R.,| ==
A H[nz (m)z}

Since R’ =

1 (2n+1)
= —= 3 )
A n“(n+1)
1 2n
= —=Ry—
A Hn4
(- forlargen, 2n+1=2n n*(n+1)* =n*)
1 2
= —=R,—
A3
2R
- y=So ;“C
A n

A’Lyman ( 5 ]( 4) 5
= =| — — |=—
Apamer V36 37 27

Hence, the correct answer is (C).



o0
22. n=3 2F
_ 4E
n=2 3
n=1 E

24,

25.

26.

27.

28.

For 3—1, %=ZEfE=E

For 2—-1, E—E=E=E
3 3 A
= A'=31
Hence, the correct answer is (D).

Mg Ug = Mplp

( 1, ] [ 4 )

= vp=| = |v,=| —— v

nip A-4

Hence, the correct answer is (C).
A=2nr

where r = Radius of first orbit =0.53 A
= A=2r(053) A=3334A

Hence, the correct answer is (D).

For UV radiation, n f =1

A=1025 A
1 (1 1
—=R1)| 5-—
- A [12 n,z]
1 1
= 1——2=—
n; AR
1
AR
1 1
= 5= = =3
:\/_L V1-089
AR

Hence, the correct answer is (C).

: 2
Since, 1, e n

Given, 1,4 -1, =7,
= (n+1P-n*=(n-1)7?
= n=4

Hence, the correct answer is (D).

nh_2h
ot w
= n=4

13.6

In fourth orbit, KE=-TE = W eV=0.85eV
4

Hence, the correct answer is (C).

ICON

29.

30.

31

32.

Hints and Explanations H.47
Since F __du
dr
2
- F=kr="2
P
= f:iﬂ
i
= v:ﬁr (1)
m
Also, mor = 1 ..(2)
2r

Solving (1) and (2), we get

(\/?] nh
m| |—r |r=—
m 27
= roc\/ﬁ

Since, E=PE+KE

2
= E= 1kr2+1r.'1[‘/£"]
2 2 m

2

CHAPTER 2

= Exr
= E«xn

Hence, the correct answer is (B).

. 3h ( h ]
Since, —=n| —
2n 2n
= n=3
= B8 gey
(37 9
Hence, the correct answer is (A).

f—i— 3%x108
A 0.0709x107

From Moseley’s law

Z-1= /ﬂun
3cR

= Z=42

=4.23%10"® Hz

This Z corresponds to Molybdenum.
Hence, the correct answer is (D).

Let Ey, E;, Ey, Ey be the binding energies of K,
L, M and N shell. Let E, be energy of incident
photon, then

Ep - Ey =24 keV (1)
E, —E, =100 keV o)

= E(K,)=Eg—E, =100-24=76 keV

Hence, the correct answer is (B).
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33.

34.

36.

38.

39.

40.

a=te
eV
4 6626x10™ x3x10°
(20x10°)(1.6x107)
= A1=062A

Hence, the correct answer is (B).

Atomic number and melting point both should be high.
Hence, the correct answer is (D).

Since, A«

(Z-1)
2
L M _(Z-1) 1
A \z,-1) 4
= Z(Zz_l)=(zl_l)
= @ﬂ+a4zugfie

Hence, the correct answer is (A).

The frequency of emitted photon making a transition
from n to (n-1) level is

1 1
f“((n—l)f?J

; I:nz—(n—l)2]
n(n-1)
f (2n-1)
n(n-1)
For n>1,wehave n—-1=n, 2n-1=2n
2n
= o< —
fess
1
= o —
f 3

Hence, the correct answer is (A).

For 0<Ey <10.2 eV, the collision of electron (having
kinetic energy E; ) witha H-atom in its ground state
will be elastic.

Hence, the correct answer is (A).

The binding energy is numerically equal to the kinetic
energy of the electron, so

1 2
—mv° =E (1
= 0
Since, mor = h (2)
2r

Dividing Equation (1) by Equation (2), we get
o2k
2nr nh

41.

42.

43.

A

45.

46.

[ ] ]
_2E {..v_w_ }
f nh " 2nr f

Hence, the correct answer is (D).

Number of orbits ie. number of revolutions i.e.
2

V4
frequency ( f) is proportional to —
n

3

) n
Since Tj o< 7z

= T'=8T,

_ Life Time of Excited state

Time for one Revolution

-3
yo1o*
8T,
Hence, the correct answer is (C).

Magnetic moment e

Angular momentum 2m

= Magnetic moment « Angular Momentum
= Mesn {'.'L:ni}

2n
Hence, the correct answer is (B).

. 1
Since v — and 1o n’
n

1
= lDex—
J;
Since, L= muvr
= Leor
1
= Lo| —|r
7]

= Locvr

Hence, the correct answer is (C).

Cut-off wavelength depends on the applied voltage
not on the atomic number of the target. Characteristic
wavelengths depend on the atomic number of target.
Hence, the correct answer is (B).

Bohr has assumed stationary orbits in which there is
no gain or loss of energy and angular momentum in
any orbit does not change.

Hence, the correct answer is (C).

h
L= +1)—
(n )211'

een

Hence, the correct answer is (D).
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[ ] ]
2 2
Ze 7
47, a=U—=—2x—2
ron on
= a7’
3 3
= (JIHEJr _ZHEJr _2_ §
a 72 1?1
H H

Hence, the correct answer is (B).
48. R,=n"R,

= Ry=4(05284)

= R,=2112A

Hence, the correct answer is (B).

49. U-238 U-235 P

mo (235mp)v

T35 = cTB = B =235x10=2350 m

(238mp)v
7‘238 = T = 2380 mm

The separation between the ions of U*> and U™ is
A?‘ = 2(]‘238 *?‘235 )
= Ar=2x(2380-2350)

= Ar=60mm

Hence, the correct answer is (A).

50. Speed of electron in the nth orbit of H like atom is

1 (CZ)
il B
137\ n

Hence, the correct answer is (C).

2
51. Since v, = |z
2hey )n

)3

= v=|——1| —
2hey )\ 4
(?2

v=—
dhe,

Hence, the correct answer is (B).
. h
52. Since Ap= n

= mHU:hRHGZlS)

53.

54,

55.

56.

57.

Hints and Explanations

e
my \ 25

= ov=4ms’!
Hence, the correct answer is (C).

2

reehn
53x107™M 1
202x10 10 A2
= n’=4
= n=2

Hence, the correct answer is (B).

= Len

Ze*

(ili) KE=
8meyr

K,Eoc1
r

1

= KEo«—
)

Hence, the correct answer is (C).

1 1 9 9
R;| =——=|=Ry| =———=
H(22 42) H(nf‘ n%]

Substituting 1, =6, n, =12 makes both sides equal

Hence, the correct answer is (C).

lonization energy, Eq o< m

(Ey), _my _207me
(Eo), Cmy me

= (E0)2=207(E0)1
= (E)),=207x136eV
= (E),=282keV

Hence, the correct answer is (C).

CHAPTER 2
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58.

59.

60.

61.

= ﬂOCZS

3
- 23
a \1

Hence, the correct answer is (B).

2
L,=nn

= logr, =lc»g(:'f12)+logr1

= logr, —logn =2logn

= log(riJ =2logn
e

1

= y=kx

So, log(r—”] vs logn is a straight line passing through
h

origin, with slope m=2

Hence, the correct answer is (A).

Maximum wavelength of Lyman series will corre-
spond to the transition of electron from n=2 to n=1
and maximum wavelength of Paschen series will cor-
respond to n=4 to n=3.

(5-1)

M \9 16

3,2‘[11] 108
1 4

Hence, the correct answer is (D).

Rydberg constant R o< m

A . mM
For positronium atom, reduced mass is u= :
m+M
Here, m = M =mass of positron = mass of electron .
..
2
R_e 1
R m 2
R
= R'=—
2

Hence, the correct answer is (C).
2

2heyc

v, = a(czj where o =
n

is the fine structure constant [a = LJ
137
B c(2) N
Vs =0 T =oc

and v —aﬂ—ac—v
H (1) He'

Hence, the correct answer is (B).

62.

63.

64.

65.

66.

2
. n
Since 1 o —

Z

a_ 6
a (2)°
= a:gao
4

Hence, the correct answer is (B).

Momentum of striking electrons
I
=3
Kinetic energy of striking electrons
P
2m  2mA?
This is also, maximum energy of X-rays photons.
he I
Ay 2mA?

B 2mA’c
" h
Hence, the correct answer is (A).

= A

= Z=3

Hence, the correct answer is (B).

Total power drawn by Coolidge tube is VI.
= Py =VI=200W

Since only 0.5% is carried by X-rays, so

0.5
p=|=21p
(100) total
1
= P=—~(200)W
200
= P=1W

Hence, the correct answer is (B).
2
evB = mo.
R

_eBR
m

= U

Maximum kinetic energy of photoelectron is

1 , e*BR?

max — Emv = I
=2.

97 %107 ] =18.6 keV

K

=297x1075 |

= K

max

= (BE)kenen = (24.8 -18.6) keV
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= (BE)gshen = 6.2 keV 73.

Hence, the correct answer is (A).

e g

67. f - v, _2h£ocn
e = = 2.2
2, znhen
T—

Tme-Z

f =(me422] 1

4el® )n®

Hence, the correct answer is (B).

68. Frequency, f = (& )( %]
h A\ n
Since, E;=13.6 eV and n=2
= f=0823x10" rev/sec

Number of revolutions N = f x At =8.23x 10° rev

Hence, the correct answer is (A).

70. 1=R22[l—l]
A

A 76.

= A1=912x4=3648 A

Hence, the correct answer is (A).

7. e ke Rmzz(l2 12]
M A 1° n
Substituting A,=1026.7 A, 1,=304A and Z=2,
we get
n==6

Hence, the correct answer is (B).

1 1 1
72, —=R,| --—
A H[4 ]6]

Since c=VvA

c
= Vv=—
Y

3

= v=3><108><107><(16) 77.

= v:ixl[)15 Hz
16

Hence, the correct answer is (C).

74.

Hints and Explanations H.51

_h
2r

= J,=n

|, = mor

Since, E, < =

= EHOC—Z

n

Hence, the correct answer is (D).

E=Rwhc(1—lJ
25

Momentum of photon emitted is

P:E:Rwh(%]
c 25

Recoil momentum of H-atom will also be p.

CHAPTER 2

= mv=p
(1.097 x 107 )(6.626 x 107 )24

- (25)(167x107 )

P_
m
= 09=4178ms"

Hence, the correct answer is (C).

13.6

Since E=-—-eV
fl

= E=-136¢eV

= E,=-34eV

= E;=-150eV

= E =-085¢eV

From above we can see that

E;-E =121eV

ie. the electron must be making a transition from

n=3 to n=1 level.
= AL=(3—1)£=E
2r =«

6.626x107>*
3.14

= AL=211x10Js

Hence, the correct answer is (B).

AL =

PE=2(TE)
= PE=2x(-13.6)=-272¢V

Hence, the correct answer is (A).
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78.

79.

80.

81.

Change in angular momentum

h
AL:(nf—nf)E

Since velocity of electron is 82.

1
Vo —
n
Hence linear momentum changes and difference in

energy between energy levels is released as electro-

magnetic energy. 83.

Hence, the correct answer is (D).

For the fifth electron to act as a dopant it must lie in the
valence shell of P.

So n=3.(TRICKY HINT!)

Z=15 {for Phosphorus}
2,2 2
h
Since r, = n—fﬂ = n—rﬂ
ameZ 7
) 84,
where 1, =0.529 A =529 pm
9
= r3=—(52.9 pm) (1)
15
When phosphorus acts as dopant in silicon, the expres-
sion for Bohr radius is
2;2
= n h28 kr,
wme*Z
= =12, [~ e=ke}
) 9
= =12 :12‘:6(52.9)pm:|
= 7/=380.88 pm 85.
Hence, the correct answer is (A).
The energy difference between the energy levels in an
atom remains fixed. Hence wavelength remains fixed
and is given by
_he_ ke
AE " E;-E,
Increasing number of atoms would increase the inten-
sity absorbed.
Hence, the correct answer is (A). %
h
Angular momentum, L=n o | =TT
n
87
Magnetic moment, i =iA= ( ZLU )( nr?)
mr
. e(or)
2
88.

H_e
L 2m
Hence, the correct answer is (AB).

Since, Tocn® and recn?

3
= Terl
Hence, the correct answer is (B).

a0
mor=n—s=2 —
2r 2

h
= mor=—
T

So, de-Broglie wavelength is

UL (3.14)(2.116 A) =6.64 A
muv

Hence, the correct answer is (C).

A is maximum

= E., le. transition from 3 —-2.

1 of 1 1
—— =R =-—
Aax ()[22 32]

=2 %0912 A= 6560 A= 656 nm
5R 5

Hence, the correct answer is (C).

foﬂzhz

Ezﬂ'm

2]

= nh=2xL

Since, r=

g,(2nL)*
Y = —m—

Ezﬂm

1
= Lr 2 =constant

Hence, the correct answer is (D).

AE = ]3.6(1 - %] =121eV

Hence, the correct answer is (B).

. Since KE.=-TE.

= KE =+136eV
Hence, the correct answer is (B).

The energy E, of an electron in n™ orbit of positro-
nium is given by



90.

91.

92.

93.

ICON

e (- M=m,)

A _1653R 20

2 36/5R 27
27

Hence, the correct answer is (B).

According to Ritz Combination Principle

Ecoa=Ecop+Epsa

he  he he

= —=—t—
A M A

o A=t
At 4,

Hence, the correct answer is (B).

For 12.1eV energy, the electron is excited to third
n(n-1)

orbit, so total lines N =

N=3—>2(2:311nes

Hence, the correct answer is (C).

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

94.

95.

96.

97.

98.

Hints and Explanations H.53

Total Number ) _ 2 n(n+1)(2n+1)
( of Elements ]‘ZZ” - 3

Hence, the correct answer is (D).

AV
Since E=—
Ar

= AV =EAr
= 105=(15%x10)Ar

Ar= 10.5 .
1.5x10

= Ar=7pum

=7%x10% m

Hence, the correct answer is (A).
[=1e™

Where [; is intensity at x=0,

CHAPTER 2

Iis intensity at a distance x and

= U is absorption coefficient; [u]=L"

p is maximum for lead as lead has maximum ability
to absorb radiations in a minimum distance.
Hence, the correct answer is (B).

K, =77 MeV
] (79)(2e)  9x10° x79x2x ¢?
U dmek, 7.7x10° e
- _9x79%2x10° x16x10™
’ 7.7 x10°
rozwxlo—w m=3x10""m

7.7
Hence, the correct answer is (B).

) ¢ (Z)
Since v=—| —
2hey\ n

For fourth orbit of Be'™", n=4, Z=4

2
[4

T
Hence, the correct answer is (D).
hc
“E
(6.626x107 )(3x10°
" 16x107 E(in keV)

A

1.242x107°
=————m
E(inkeV)
Y
" E(inkeV)

Hence, the correct answer is (B).
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99. Since Boc ! ot

r r
3
= Boe—
o
I_ B _ B
(2 R
Hence, the correct answer is (C).
L.—L
100. f=|ALH f ‘
At At
) a)
T T
= = —="s 2 el
10°
8 34
- f:los(h]=(1o )(6.63x107*)
2z 2x3.14

= =10 Nm

Hence, the correct answer is (B).

101. Let the electron be initially in the n™ orbit, then the
max energy is liberated for transition from n—1
and the minimum energy for transition between
n—(n—-1).If E; be the energy of the electron in the
first orbit, then we have

E, —% =52224 eV (1)

E
s-—=1224eV ..(2)
(n-1)" n

Solving (1) and (2), we get
E, =-544 eV

-13.672
12

Since, E, =

= Z=2

Hence, the correct answer is (C).

102, E=-22 .y
n

= E,=-34eV

Hence, the correct answer is (D).

103. Energy of emitted photon is
E= he _ 25¢eV
A
The excitation energy is the energy required to excite

the atom to a level just above the ground state.
Therefore, energy of the level is

E=-136+102=-34eV

104.

105.

106.

107.

Since, photon arises from transition between energy
levels such that

E-E;=hv=25eV
= E=25+E
= E=254+E=254-34eV=-09eV
Hence, the correct answer is (D).
Series limit (ie. shortest wavelength) of Lyman
implies transition from o — 1
First line (or longest wavelength) of Lyman series

implies transition from 2 —1
Series limit of Balmer implies transition from e — 2

—— 7 ————————— co

According to Ritz Combination Principle
Eo o =E. ,+E

= hvy=hvy+hv,

= VY -Va=V,

Hence, the correct answer is (A).

AE=E,-E =102¢V=-3.4¢V+136eV

= n,=2and n,=1

-3
- AL:ﬁfh h 6.63x10

2 2t 2t 2x314
= AL=1.05x10*Ts
Hence, the correct answer is (A).

Js

1 2
E,<— and r,en
n

So, E,r, is independent of n

= En=(136eV)(0534)

= En=72eVA

= Ejn = constant

Hence, the correct answer is (C).

For Balmer series, 11y =2 and n; =n(>2)

Since 1=R(11]
A

2 2
ﬂf n;

1 1 1
- i
A 4 n
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= k=E

Hence, the correct answer is (D).

108. Since we assume the potential energy to be zero in
the ground state. So,

{- u=0t

= Total Energy = 13.6 eV (in ground state)

If the potential energy is not assigned a zero value,

then total energy is ~13.6 eV .

So, we conclude that making potential energy

zero increases the value of total energy by

13.6-(-13.6)=272eV .

Now actual energy in second orbit =-3.4 eV

Hence new value is (-3.4+27.2) eV =23.8 eV

Hence, the correct answer is (C).

109. Lossin KE = %{M}UZ

Total Energy = U + K = Kinetic Energy

My + My

= -AK= imHU2

This loss in kinetic energy must be equal to the energy
required to take the electron from ground state to
infinity i.e. 13.6 eV

= imHvz =13.6x1.6x107"

= v=72x10* ms™

Hence, the correct answer is (A).

13.6

110. Since, E=-—-
n

13.6

34=-2
HZ

= n=2
. h
Since, A=—
muv
Velocity of electron in second orbit is
c C

©2=5137) 27
6.626 x107>*
= A= .
(91x10°™ )(w]
274

= 2~66x10"" m
Further Kinetic Energy = —(Total Energy )

= E=-(-34eV)=34eV
Hence, the correct answer is (B).

111.

112.

113.

114.

115.

116.

117.

Hints and Explanations H.55

Since Ec o =Ec 5 +Ep,a

C
Ecs
] B
Eca Epa
A
he he he
= —=—4—
A A A4
1 _Ath
Ay My
_ My
T M+,

Hence, the correct answer is (D).

Shortest wavelength of Brackett series corresponds to
the transition of electron between n; =4 and 7, — <=
and the shortest wavelength of Balmer series corre-
sponds to the transition of electron between 1, =2
and n, — . So,

)

= ZP=4or7Z=2

Hence, the correct answer is (A).

CHAPTER 2

_nh_(n—l)h h

AL=— =
2 2

on

Hence, the correct answer is (C).

The longest wavelength in a series is obtained when a
transition takes place between the lowest consecutive
levels. Here transition must take place fromn=2ton=1
Hence, the correct answer is (A).

K, wavelength is smaller for target having larger Z .
Cut-off wavelength is smaller for greater V.
Hence, the correct answer is (C).

m=in=( 2 a2
2mr 2

. 1
Since, v — and 1o n’

n
= Mexn

Hence, the correct answer is (A).

Maximum angular speed will be in its ground state,
so, we have

_o 22x10° ms™
no 0529%x10™° m

max

= 0, =41x% 10" rads ™'

Hence, the correct answer is (B).
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118.

119.

120.

121.

122.

2
Since v = i
2hey Jn

o[ ¢ (E)_i
¢ \2hepe \ 1) heye

Hence, the correct answer is (C).

E=Rh.c(1—i]
1 2

n

f AR
= H=,|——
AR-1

Hence, the correct answer is (B).

n . A F 3

N

M

E(L)
L A
EK) | EK,)
K
K)=te o124 115 key
Ay 0.107

E(K”:E(KLE(L):E—C:%A keV

o

E, =E(K)-E(K,)=1154-984

E, =175 keV
e 2akeVA o004
E, 175keV

Hence, the correct answer is (A).

According to Moseley’s law, we have
WeZ-1

= ve(Z-1)

he _(Zu-1)

I (2e-1)

41y )
A-=07D)] =] =152 A

Hence, the correct answer is (C).

When one electron is removed, the remaining atom is
hydrogen like atom whose energy in first orbit is

E =-(2)*(136eV) (z=2)
= E =-bddeV

Therefore, to remove the second electron an addi-
tional energy of 54.4 eV is required. Thus, to remove

123.

124.

125.

126.

both the electrons (24.6+54.4) eV =79 eV energy is
required.
Hence, the correct answer is (D).

2 2
f; M

1 1 1
Using —=R(Z—1)2[———}
A
For K, radiation, n; =2 and n,=1

For metal A, we have

1875R=R(Z]_1)2[§]
4 4

= Z,=26
For metal B, we have
675R:R(ZZ—1)2(%)

= ZZ=3O

Therefore, 4 elements lie between A and B.
Hence, the correct answer is (D).

he 124 KeV A

|Ex|=—= —— =827 keV
A 015A
The energy of incident photon
E=@=E=124ke\f
A 01

The maximum kinetic energy is
Kpax =E-|Ex|=41.3 keV =41 keV

Hence, the correct answer is (A).
n(n-1)

Number of possible emission lines are
when electron jumps from nth state to ground state.
In this question this value is
(n-1)(n-2)

2
(n-1)(n-2)

N=

10=

Solving this, we get
n=6
Hence, the correct answer is (A).

Frequency corresponding to wavelength of 0.180 nm
is

v=S-167x10" Hz
A
From Moseley’s law, we have

v:iRc(Z—l)2
4

= 7-1= |2 L2
3cR



Hints and Explanations H.57

L]
= Z2=27 Whennj-=3,—1 =R(5)
Hence element is cobalt. max 36
Hence, the correct answer is (B). 36
= lmax =
127. First excited state is #7=2 and second excited state is R
n=3. — /lmin _ (47R) _E
Also, Amax  (36/5R) 36
1 A 5
E o — min _ -
' n2 - /lmax B 9
E_? Hence, the correct answer is (A). o~
E, 4
; 1 ., 1 1 o
Hence, the correct answer is (D). 133, —=ZR.| —5-— L
1 (1 1 ! e E
128. Since 1 R(F_n_z] For K, line, n; =1 and n, =2 <
2 M
o Log(L-l)eg(l1)-2 - l:zsz[é] iy
2 \22732) 1 9) 3 A 4
4
1 [ 11 ] ( 3 ] 3 = 7= |——
= —=R|--=|[=R|=|==-R
n \1 4) 1) 3R,
A, 536 5 4 5 = 7=399=40
- ,1_1 B ﬁ B % X 5 To7 Hence, the correct answer is (B).
5 1
= A= 511 134, R=R)A3
5 ; ; R 1L
= /12=§><6563A:1215.4A N E=A3
Hence, the correct answer is (A).
= log (RJ—llog A
129. l:RH(l—l) Ry) 3
Ag 4 9
5 = Yy==x
Al 36 5 1
/I_L = 376 =% A straight line passing through origin with slope 3
b 1 Hence, the correct answer is (D).
Hence, the correct answer is (B). 135. Since in Rutherford experiment
130. Considering rotation of nucleus about common N !
centre of mass of nucleus and electron, we get dif- Sin4(9]
ferent values of wavelength depending on mass of
nucleus. Ngy _ sin*(30)
Hence, the correct answer is (C). = E " sin®(45)
132. For Balmer series 1
1 (1 1 S Nu_16
P Era No 1
4
Whennl—)mfizg = Nm=100

Hence, the correct answer is (A).
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136. Energy of n™ orbit in H-atom is same as the energy of
3n™ statein Li*".

So, 3—1 transition in H-atom would give same
energy as the 3(3) > 3(1)=9— 3 transition in Li*".
Hence, the correct answer is (D).

137.  Total Energy = —(K.E.)=-13.6 eV
Hence, the correct answer is (C).

138, =22 0/_

Hence, the correct answer is (D).

139. R, o’
= Anrxn4
Hence
A _m _16
A onto1

Hence, the correct answer is (D).

140. A, corresponds to the maximum frequency, which
occurs when all the electron’s kinetic energy goes to

photon.
e
min GVD
1.24x107°
= Ay, = T“O =124x10"" m

Hence, the correct answer is (A).

1 1 1
141, —=Ry|---
A H( )

Hence, the correct answer is (A).
142, Ay will not change.
Hence, the correct answer is (B).

143. 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.
from n=1 to n=2 state. For this Hydrogen atom
must absorb energy

E,-E =-34-(-136)=102eV.

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

Hence, the correct answer is (B).

144.

145.

147.

148.

149.

150.

When number of electrons increases, then number
of photons emitted also increases, thereby increasing
the intensity. Energy, wavelength and frequency of
photon are related to potential difference.

Hence, the correct answer is (A).

Continuous X-rays are produced by the deceleration
of electrons whose K.E. depends on the potential dif-
ference. Discrete X-rays are produced when an elec-
tron makes transition between energy levels which
have fixed values and hence does not depend on
potential difference.

Hence, the correct answer is (B).

2 2

mo” 34
r 47:503'2
2
= mour= 3
4meyv

According to Bohr’s Quantisation rule, we have
nh

mor = —
2r

For n=1, we get

h_ 3¢

2r 4nev
2
v= 34
2¢e,h
Hence, the correct answer is (A).

L= (1)% (1)

{Using Bohr’s Quantisation Rule}
In the first excited state of Li

h

L,=(2)— Q2

2 T @
= ﬁ=2

L]

Hence, the correct answer is (C).

For 2—1 transition energy emitted is
AE=(10.2)Z? eV , which is maximum.

Hence, the correct answer is (C).

1 1 1
—=Rl=5-=
A Hf ﬂI

ng=2,n=3 and R=1.097x10" m™
= A=656 nm

Hence, the correct answer is (A).
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151.

152.

153.

154.

155.

156.

2

= Fine structure constant (o) = 1
thgC 137

and [a]=M"'T"

Hence, the correct answer is (C).

1 11
_=R|:771
A Ly

For Balmer Series, ne=2 and n,=3,4,5....

l=1.097><107[11]
A 4 9
= l=1.097><107[3]
A 36
36 107
= A=—x m
5 1.097

= A=656x107 m
= 2=656x10" m
This wavelength falls in visible range.

Hence, the correct answer is (C).

The series in U-V region is Lymen series. Longest
wavelength corresponds to minimum energy which
occurs in transition from 7=2 to n=1.

Ji
o - R (1)

1 1
22
The smallest wavelength in the infrared region cor-

responds to maximum energy of Paschen series.
IR

T (2
3? -
Solving equations (1) and (2), we get

A=8235nm

Hence, the correct answer is (B).

= A=

1% =12(;g=124000 V=124 kV

Hence, the correct answer is (C).

E=13.672=136%(11)" eV =13.6x121 eV
— E=16456 eV ~1.65 keV

Hence, the correct answer is (D).

l”:(Zm')
n
= A,<n {'.‘rocnz}
nh
and | «<mn -
I o, =2

157.

158.

159.

160.

161.

Hints and Explanations H.59

= 2’”’ o ]H’
Hence, the correct answer is (A).
AE=E,-E f
1 1
2
= AE=mZ 50[1—2—2—2]

= AE=(207)(82)2x13.6(12_l2)
2 2

= AE=(19 MeV)x%:lleeV

Hence, the correct answer is (B).

After absorbing a photon of energy 12.1 eV electron
jumps from ground state (1 = 1) to second excited state
(n =3). Therefore, change in angular momentum is

AL=L3*L1

5 M={h]h=h
2r) 2r m

CHAPTER 2

AL 6.6x107

= Js=211x10"* Js

Hence, the correct answer is (C).

A rough estimate of size of the nucleus is given by
the distance of closest approach r, of an e-particle
incident head-on on a nucleus of charge Ze .

2
—————, where K, =6 MeV

0™

Since 1, =

2x100x(1.6x107%)° x9x 107
6x10°x1.6x107

= r=5x10"m

"0

Hence, the correct answer is (B).

Tl =1 =Tt
Since o< 1
= (1'f1+1)271f12=(1'f171)2

= m+n+l-n*=n*-2n+1
= n*-4n=0

= n(n-4)=0

Since n#0

= n=4

Hence, the correct answer is (D).

5 _E
E, -E s
" _ AT 1 _ g - onstant
E4n - EZn —El - E—l
16n*  dn?

Hence, the correct answer is (D).



ICON

H.60 JEE Advanced Physics: Modern Physics

162.

163.

164.

165.

166.

1

sin‘l[g)
2

Since N o<

1
_, Npyp _sin(30°) 7
Nﬁ{) Sin4(600) 2
16
1 9x10°
Nispe =| = |Ngge = =10
= 120 (9) 60 9

Hence, the correct answer is (C).

Since, AE:K[%%]: he
ng ny ) A

In the given diagram, emission from n=4-—sn=2

would give photon of maximum energy (shortest

wavelength) and n=4— n=3 transition would give

photon of minimum energy (longest wavelength).

Hence, the correct answer is (C).

42 2
—%:—13.6(2—2] eV
8eyh n

Since E, =

When m— 2m
= E,—2E,=-272eV

Ie,

:rmez

Also, ay =
When m— 2m

a .
= a;— 2 =027 A

Hence, the correct answer is (A).

Energy of photon is
E= 13.6[1—i) eV
25
= E=13eV
Since, momentum is conserved, so we have
E
—=mv
c
E
= =—
me
13x1.6x107" 5
- 27 g=4ms
1.67x10™ x3x10
Hence, the correct answer is (C).
2 2
=" _ Ze ;
r dmeyr

. 1
Since v o<~ and 7 o<1’
n

167.

168.

170.

171.

1
= F°C—4
n

Hence, the correct answer is (D).

Because radius of nth orbit is equal to r, = n’1, where
7 =0.529 A

= %xm‘3 = (05%1070) 2

= n’=1000

= n=31

Hence, the correct answer is (D).
Ammay = 2dsin(90°) = 24

Since, d=107 em=10" m=10 A
= A, =2d=20A

Hence, the correct answer is (D).

The short limit of the Balmer series is given by

1 1 1 R
I_RlA_— |22
A [22 mz] 4

R=£=(i]x10m m!
A\ 3646

Further the wavelengths of the K, series are given
by the relation

1 2f 1T 1
—=R(Z-1| 5-—=
A ( )(12 nz)

The maximum wave number corresponds to # — «
and therefore, we must have

1 2
—=R(Z-1)
y)
-10
= (2-1P ==X g5
RA  4x1x10”
= (Z-1)=49115=302
= Z=312=z31

So, the atomic number of the element concerned is
31. The element having atomic number Z=31 is
Gallium.

Hence, the correct answer is (B).

For incident electron, we have

h h h
2,1 _-—_——= =
P N2mK 2meV
For shortest wavelength of X-rays, we have
ot

eV
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b _1[eV 3
Ay c\2m

Substituting the values, we get
M
12

1

Hence, the correct answer is (D).

Multiple Correct Choice Type Questions

1. Since L=;—h=ﬁ

T 2T 1.

= n=3
. n*
Since, 1, =a;—
Z

2
n
= 450 =a, 7

= Z=2

Possible transitions are 3—2, 3—1 and 21

For 3 —2, we have 5.

1=R(2)2(11)=4R(94)=5R
A 4 9 36 9

9
5R
For 3—1, we have

= A

1=R(2)2(11]=4R[8)=3ZR
P 9 9) 9
9
32R

For 2—1, we have

lzR(2)2(1—1)=4R(%):3R

A 4
1
= A=—
3R 6.
Hence, (A) and (C) are correct.
e mo _ ~N2mE
"~ 4B B
Jm
= Foe—
1 7
= Deflection 4
Jm

Hence, (A) and (C) are correct.

Hints and Explanations H.61

Let electron jump from n, —n,.
SO AL = (Hz —1’11 )i
2

(According to Bohr’s Quantisation Rule)
Since, n; and n, are integers (n;, 1, >1),s0 1, —ny is
also an integral value and hence AL must be an inte-

h
I multiple of —.
gral multiple of ——

Hence, (B) and (C) are correct.

1 1
Uo—oc—
r H2

1 1
I(oc—oc—2
r n

CHAPTER 2

vo~c1 and
n

Lecn

Hence, (B) and (C) are correct.

In Bohr’s model of Hydrogen atom
Recn?

Vel
n

T <n® and Eocl2

n
= VRe«n
= TEen
T
= —o«n
R
v
= —o«h
E

Hence, (A), (C) and (D) are correct.

Characteristic X-rays depend upon the atomic number
7, s0

ll=j'2=ﬂ'3

OR A, =41,

Hence, (A) and (D) are correct.

U Ke?
Since, |F\=—u=i4 )
roor
Ke?  mo?
=5 —)=— .(2)
r r
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According to Bohr’s Quantisation Rule, we have

mor = % .(3)
From (2) and (3), we get
4m%e’K \ m m
(TJ_K(_] -

Since total energy E is half the potential energy, so we
have

__K_ez__ Ke? __Keznf’
6r’ ( Kym ]3 6K;m’
6l —
1

So, total energy is En® and Eem™

Hence, (A) and (B) are correct.
he

Since, —= AE
A

he

AE

hc he
= and =
/-me AE Amax AE

‘max min

Emission will take place when transition takes place
from n=3 to n=1

12400

Fain =10 ev)

Absorption will take place when transition takes place
from n=3 to n=4.

12400
A‘max - Z(EV)

Lowest frequency photon that can ionise the atom will
have to remove the electron from n=3 state, so we
have E=15eV

=1240 A=124x10" m

=6200 A=6.2%107 m

= 15x1.6x107 =6.63x10y

= v=3.62x10"° Hz

The total number of ways of de-excitation of atom to
ground state is 2.
Hence, (A), (B) and (C) are correct.

Since reduced mass is

__mmy _m

- my+m, 2
Now, energy is directly proportional to mass, so

Eyoem
m
= Eocllec—
K 2

1
2

L |

10.

(] ]
Since, E, = R,hc &m)
So, Rydberg constant is D AN
Ed 1 N
E co ,
RO = h_o o< N ,f’ : \\]
¢ ! $CM |
I
- e
R_p_1 S
Ry m 2 e*(m)
Radius of orbit is
_ n2h280
ame’Z

So, for n=1, Z=1, we have

2
_hgy 1
0~ 7%
e~ m
1
= re—
u
room
= —=—=2
h H

Velocity of electron in first orbit is

v=—
2he,

which is independent of mass, hence for positronium
atom and hydrogen atom velocity of electron is same
in both cases.

Hence, (A), (B), (C) and (D) are correct.

Under normal conditions, the total energy (E), kinetic
energy (K) and potential energy (U) are

E =-136¢eV

K;=13.6 eV | for ground state
Uu,=-272eV

E,=-34¢eV

K,=34¢eV | for first excited state
U, =-6.8 eV

If PE in ground state is taken to be zero, then KE
remains unchanged, however new PE and TE are
increased by 27.2 eV .

So, for ground state, we have

E =(-136+272) eV =136 eV

K;=13.6 eV (same)

U, =(-272+272) eV=0eV
For first excited state, we have

E,=(-34+272)eV=238¢eV



11.

13.
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K;=34¢eV (same)

U, =(-68+272) eV=204eV
Hence, (A), (B), (C) and (D) are correct.
Ground stateis n=1
So, first excited state is n=2

1 ¢

KE=——
dme, 2r

ffor Z=1}

144x107
L
2r

Since, r=0.53n> A

= KE

L (KE), = 144x 10‘1“m
2x0.53x10°

_ o 144x107"

T 2x0.53x10 1% 4

= KE decreases by 10.2 eV

eV=1358 ¢V

eV=339eV

= (KE),

2 -10
Now PE = — 1 6_2_14.4X10 oV

dmey v r

144X 1071
0.53x1071°

 144x107"
053x107 x4
= PEincreases by 20.4 eV

= (PE); = eV=-271eV

= (PE), = =-6.79 eV

Now Angular momentum is L = mvr = ;—h
n

_h66x107
628
Hence, (B), (C) and (D) are correct.

1 1
Since, v=CRZz(—2—2]

n m

= L-L =1.05x107™ Js

= VH=(3><103)(1.1x107)(1)(%_%]

= Vi, = (33x10" )(3%]

= V= 165 10" = 4.6 x 10" Hz
36

Similarly, for transition from 3 to 1, we have

Vi =(3x108)(1.1x107)(1_%]

= vy, =29x10" Hz

14.

15.

16.

17.

Hints and Explanations H.63

Please note that (D) is incorrect as it says “must be”
because from second excited state i.e., n=23, photons
are emitted for electron transitions from 3 -2, 2—1,
3-1.

Hence, (A) and (C) are correct.

1 1
Eoc—zoc—z
r n

vaml
n

r o< i1 .(3)
1

= PEroe—
n

P
= —n

= Eren®

CHAPTER 2

= Pren

Hence, (A), (B), (C) and (D) are correct.

Actually, in the ground state, we have

KE=+13.6 eV
PE=-272 ¢V and
TE=-13.6 eV

In the first excited state, we have
KE=+434¢eV, PE=-68¢eV, TE=-34¢V

Now PE and TE both will be increased by
13.6-(-272)=408 eV

KE remains unchanged being independent of
reference.
Hence, (A), (B) and (D) are correct.

. 1
Since, 1o —
m

and E, «<m

. nh
For an orbit, mvr=2— is a constant, because n=
n
constant

= U«

Hence, (B) and (D) are correct.

From n=3 to n=2

L
A \nond

Since, E= he

1 1
= E=|—-—
My

]
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18.

19.

20.

21.

For a photon of energy E, momentum p is

p= E , where v is the speed of light.
v

1 1 3
A 1_2_22_1
R U
2 3 36
A 27
= —_=g=—
A 5
he
Further, 5=£=£=i
E, he 2 27
’12
_S5 .1
27 a
SO,b=ﬂ=i=c=i
pr B 27
Hence, (A), (C) and (D) are correct.
AE:204=13.6Z2[1_L2]
1 4n

= 408=136 zz(iz—iz)
n- 4n

Satisfied for, Z=4 and n=2
Hence, (B) and (D) are correct.

1 e’ \Z
0o — = — |—
n 2hey ) n

1
Ee—
n2

TOCHZ
E
T
U2

= Er, v°r are independent of n .

Hence, (B), (C) and (D) are correct.

Intensity of incident light may increase by decreasing
distance of source without increasing frequency.
Hence, (B) and (C) are correct.

ZZ
Since, E, =-(13.6 )(—2] eV
n

E, =-136eV for Z=1and n=1
Similarly, for Z =n, we have
E=E =-136eV

i.e., for second orbit of He™ and for third orbit of Li™,
we have energy equal to ~13.6 eV

Hence, (A) and (D) are correct.

22

23.

24.

25.

Let the transition in He" ion be from level 2 — b and
thatin H atombe from p—q.Then 4, = 4, gives

1 1 1 1
I R Y
(bz az] (qz pZJ

4 4 1 1
=

vod gy

This equation will be satisfied when

a=2p and b=2q
So,aand b are even integers greater than 1, satisfied by
(A) and (D).
Hence, (A) and (D) are correct.

72 n’

E:EDF' r=ag—, 0=0p—

n

where E; is energy of electron in ground state, a, is
radius of ground state orbit and v, is velocity of elec-
tron in ground state.

Hence, (C) and (D) are correct.

72
r=a0_
B
2 4
a
= A=m'=r 02
V4

AD
|09e(§)

loggn

= A =An'
= log, A, =logA, +logn*
= log,A, -log, A =4log,n
A
—1 |=4log,N

b
So, the graph will be a straight line passing through

origin having a slope of four units at all the points.
Hence, (A), (B) and (D) are correct.

= logg(

1367

n
nZ

Since, E; =-54.4 eV

E eV

1367°

——(1)2 -b4.4
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(]
= 7’=4
= /=2

28.

29.

30.

Also, 40.8eV is the difference between two energy
levels n=2 and n=1.

Also, the electron cannot fall from the ground state
and hence cannot emit photon. So,

-E=K and E:%

Hence, (B), (C) and (D) are correct.

, 1
Since, p=mv where v o —
n

1

1
Since, KE o« — and 7 o<1’
r
1
= KEo—
)

Further L = ﬂ
2

= Len

Hence, (A), (C) and (D) are correct.

Any transition in the Balmer series must end up at
n=2. This must be followed by the transition from
n=2 to n=1 by emitting a photon of energy 10.2 eV.
This 10.2 eV photon corresponds to a wavelength of
about 122 nm , which belongs to the Lyman series.
Hence, (B) and (C) are correct.

According to Ritz Combination Principle, we have

E3 = EI + EZ

= V3=Vt

c ¢ ¢ c
=5 —=—+— {'.'v:—}

A A A A
S My
M+,

Hence, (B) and (C) are correct.

Reasoning Based Questions

1.

Cut-off wavelength depends on the accelerating
voltage, not the characteristic wavelengths. Further,
approximately 2% kinetic energy of the electrons is
utilised in producing X-ray. Rest 98% is lost in heat.
Hence, the correct answer is (B).

10.

11.

12.

Hints and Explanations H.65

According to classical electromagnetic theory, an accel-
erated charge continuously emits radiation. As elec-
trons revolving in circular paths are constantly expe-
riencing centripetal acceleration, hence, they will be
losing their energy continuously and the orbital radius
will go on decreasing and form spirals and finally the
electron will fall on the nucleus.

Hence, the correct answer is (D).

% o< Re< 1, where 1 s the reduced mass of the system.

= Hp>Hy
= Rp>Ry
= Ap<iy

In the centre of mass frame both the nucleus and
the electron revolve about the common axis passing
through the centre of mass.

Hence, the correct answer is (D).

CHAPTER 2

Since A= %, so the wavelength will be inversely

proportional to the energy difference between the lev-
els. The energy difference is more when the transition
takes place from 1 — e to 7=2 than when the transi-
tion takes place from n=2 to n=1.

Hence, the correct answer is (C).

Both Statement-1 & Statement-2 are correct &
Statement-2 is the correct explanation of Statement-1.
Hence, the correct answer is (A).

Both Statement-1 and Statement-2 are true and
Statement-2 is the correct explanation of Statement-1.
Hence, the correct answer is (A).

Total energy is negative because electron is bound to
the atom due to coulomb attraction and in the bound
system energy is negative.

Hence, the correct answer is (B).

At outermost orbit total energy is zero and electron is
free from the influence of the nucleus of the atom.
Hence, the correct answer is (B).

2
e Z
Speed of electronin H like atomis vy . =] — |—
P H Like [Zhe[} ] .

Hence, the correct answer is (C).

No. of lines in emission spectrum is N = n(nz— 1)
4(4-1
N = ( ) = 6
2

and this depends on number of energy levels available
for transition.
Hence, the correct answer is (C).
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13.

15.

17.

Lyman series - its energy is in the ultra violet region
Balmer series - its energy is in visible region
Hence, the correct answer is (C).

Statement-1 is false, the penetration power depends
upon accelerating potential.

Statement-2 is true, increasing current increases
the temperature of filament causing it to emit more
electrons.

Hence, the correct answer is (D).

hf; =0-E, and

hfy =0-E;

= h(fi-f)=E-E

So, Statement-1 and Statement-2 both are correct and

Statement-2 correctly explains Statement-1.
Hence, the correct answer is (A).

Linked Comprehension Type Questions

1.

U= N2

, where g, =+2¢, g, =82¢
dmeyr i 2

9
Ue (9%x10 )(2@_)1£82e) _58x10°
6.5x10
= U=3.63 MeV

Hence, the correct answer is (C).

Applying Law of Conservation of Energy, we get
K +U; =K, +U,

= K;+0=0+3.63 MeV

= K;=3.63 MeV

Hence, the correct answer is (C).

Total energy of the hydrogen like atom (atomic num-
ber Z)in the n™ Bohr orbit is

4 2 2
E=-| |4 =-(136)% ev
8eph” )n n

=-347% eV

13.
E, _ 136,
4

and E, = —%zz =-157% eV

Since E; —E, =68 eV
= Ey—E,=-157%-(-347%)

= 197>=68
= Z=6

Hence, the correct answer is (D).

10.

Total energy in the first Bohr orbit is
E =-136xZ% eV
= E =-13.6x36eV=-489.6 eV
Since KE=—(TE)
So, KE of electron in the first Bohr orbit is
KE = -Total energy = +489.6 eV
Hence, the correct answer is (C).

Energy required to eject the electron from the first
Bohr orbit E; to infinity (E, —0) is

AE=E,_ —F, =489.6 eV

12375
489.6
= 1=2528A
Hence, the correct answer is (B).
eV =3x10"
15
v g7ty
1.6x10°

Hence, the correct answer is (A).
AE=3x10""-03x107" ]

= AE=27x10"]

Hence, the correct answer is (C).

The difference of the energy will be gained by the
emitted electron as kinetic energy, so

KE=27x107" -3x10™"
= KE=267x107"]
Hence, the correct answer is (D).
If np is the number of photons with energy E, then

the distribution of n; is given by

I(E)

P(ng)= - e BT
The most probable energy E,, of photons satisfies the
equation

ap

4
= [ - L,
E<E, ksT

= E,=4KT

dE

Hence, the correct answer is (D).

The Balmer lines of hydrogen are emitted when elec-
trons transit from energy levels of n>3 to that of
n=2. Thus, the maximum energy of the Balmer line



11.

12.

13.

14.
15.
16.
17.
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photons is when the electron makes transition from
n;—e to n;=2.50, we have

AE . =0-(-34)=34eV
Hence, the correct answer is (B).

Given that the human eye is most sensitive to sunlight,
the visible light is the most probable frequency band of
the light emitted by the sun, and the visible light cor-
responds to the frequency range of the Balmer lines,
the surface temperature of the Sun is given by

E, =4k, T =34 ¢V

o oro3% eV=1.06x10* K
4k

Hence, the correct answer is (A).

32 2
XX N xi\fm =\/5f2 {N:kgms’z}
KgxC
Hence, the correct answer is (C).
. C
®

= =2 600 nm

Ne

mso

Hence, the correct answer is (B).
The correct answer is (C).
The correct answer is (A).
The correct answer is (C).

The correct answer is (C).

Combined solution of 14, 15, 16 & 17
When hydrogen atom is excited, then we have

1 1
eV=E| -—-—
’ ( 1 )
When ion is excited, then

1 1
_ 2
EV—EUZ [2—2——2]

1

Wavelength of emitted light is

he 1 1
—oE | -2
A “[1 nl]

he =E, 72 1 lz
A 1 m

Further it is given that
A 5

1_2:1 .(3)

18.

19.

20.

21.

22,

23.

24,

Hints and Explanations H.67

Solving the above equations, we get
Z=2,n=2,n=4and V=102V

Energy of emitted photon by the hydrogen atom is
AE=E,-E =102eV

and by the ion is
AE'=E,-E, = (13.6)(2){1%): 51 eV

Hence, the correct answer is (C).

P=(1%)x40x10*x10x107

= P=4W

Hence, the correct answer is (C).

Total power is P = VI =40x10° x10x 107

= P, =400W

CHAPTER 2

So, heat produced per second is
Ptotal - Pemitted =400-4=396 W

Hence, the correct answer is (B).

12400
Hin = 3051000
Hence, the correct answer is (A).
12400

= _136=09eV
855

Hence, the correct answer is (A).

H, in Balmer series corresponds to n=3 to n=2

= E3—E]=13.6(1—%]=12.09e\f

Hence, the correct answer is (A).

Minimum wavelength for n=3 to n=1

12400
12.09

Hence, the correct answer is (B).

A =1026 A =103 nm

_du
dr

F=

p

4

= mv2=—4 ..(1)
¥

Now, according to Bohr’s Quantisation rule, we have

- ()

2mmr

=




ICON

H.68 JEE Advanced Physics: Modern Physics

| )
Artm®r? r

| omh 4k
ir’m ot
- 2_]6n2mk
nh?
4
= r=n—]; mk -.(3)

Hence, the correct answer is (C).
25. Substituting (3) in (2), we get
nh

ZHm(%M]

n

V=

. n’h?
SJIZmM

Hence, the correct answer is (D).

47 4
26. KE=Lmp? =lm(L}

=

2 2 \edrtm’k
474
— KE= %
1287 *mk
Hence, the correct answer is (B).
2. PE=U=-%
r
k kn'n®
= U=- 7=~ 1 2,2
167r2mk 2567 mk
n*h?
n*n
" 56ntmk

Hence, the correct answer is (D).

28. TE=KE+PE

E ~ ﬂ4h4 - n4h4
T 1287tmtk 2567 mk
474
= TE= %
2561 mk

Hence, the correct answer is (C).

29. The energy transitions for the given wavelengths are
_ 12375 12375

AE === =11.40 eV
YA, 1085
AE, =127 1B _ 4570 ey

30.

31

32.

33.

34.

35.

Total energy emitted AE=AE, + AE, =52.1eV

Hence, the correct answer is (C).

2 2

1 1
Since, AE = 13.622[——] eV
ny n,

where, AE is the energy emitted

= 52.1:13.6><22(112—12)
n
= n=>5
Hence, the correct answer is (D).

The energy of electron after collision is
AE=100-521=479 eV

Hence, the correct answer is (C).

. 1 2(1 1)
Since, —=RZ"| 5 -—=
A 2 3

= E=(Rhc)Zz(l—l)
A 4 9
where Rhc=13.6 eV

Also, given that % =472eV

= 472= 13.622(1)
36

= 7%=25
= Z=5

Hence, the correct answer is (A).

2
Since, 7, =(0.53)= A
Z

YI=EA
5
= 1r=0106 A

Hence, the correct answer is (B).
. E
Since, E,=—-
4

= E =4E,=4(-144)=-576 eV
So, ionization energy =576 eV
Hence, the correct answer is (B).

El = 7576 EV

Hence, the correct answer is (D).
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2
3. Since, E, ==
n

So,graphof E, vs lz isa straight line passing through
n

origin with negative slope. The distance between suc-
cessive points is non-uniform.
Hence, the correct answer is (A).

2

37. ™0 _ B (1)
T
v eB
e ()
r m

According to Bohr Quantisation rule,

nh

Mot = —

2
nh

= Ur=—

2mm

From (2) & (3), we get

f nh
r= ﬁ (4)

Hence, the correct answer is (B).

38. Kinetic energy, K = %mvz

1 [ n?h?

mr
= K=1nh(ﬁ]
2 m

Hence, the correct answer is (C).

39. Since, T =22
v

¢’B

. €
e ]l=—=
T 2mm

h
Since, Area=mr’ = J'I( n_]

-2
Be

Be
2
N O
2mm Be 2m
Since, PE = U = MBsin(90°)
U= nhBe
2m

Hence, the correct answer is (A).

40. ¢=mr'B

= (;):E(@]B:@
Be e

Hence, the correct answer is (B).

41.

42.

43.

44

45.

Hints and Explanations H.69

Centre of mass of the atom
Hence, the correct answer is (C).

Let x be the distance of the nucleus from the common
centre of mass C . The distance of the electron will be

(r—x).

@
s
1
NU&:')E‘“S ic  Electron
X 1 or=x
My ! m
|
mr Myr
x= and r—x=—2=1
My +m My +m

CHAPTER 2

Mym
My +m

is called the reduced mass of the

electron revolving around the heavy nucleus having
finite mass.

Hence, the correct answer is (D).

Theoretically, the energy of the electron in the first orbit
of the atom whose nucleus is assumed to be infinitely
4

heavy is Ej=- =-13.6 V. However, practi-

h'e)
cally the nucleus is heavy and has finite mass. So, the
energy of the electron in the first orbit of the atom is

ot

‘[;285 , where [ = e

of the electron and p <m . So, in the corrected model

or the practical model of hydrogen atom, E>E, and

hence the new ground state energy of electron will be
more than that found with Bohr’s theoretical model.

Hence, the correct answer is (A).

Mym .
—H" s the reduced mass

AE=136 zz[iziz)
o m

= 472=136 22[11]
4 9

= Z=5

Hence, the correct answer is (C).
Total energy TE =13.6(5)" =340 eV
Since, TE = KE

= KE=340V

Hence, the correct answer is (C).
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46.

47,

48.

49,

50.

he 136(2)
A
B he n?
T (136¢V)Z2

1< 6.63x10* x3x10° x9
13.6x25x1.6x107

= A1=329A4

Hence, the correct answer is (A).
E,-E,=-25eV<27¢eV

So, the electron will be making a transition to n=4.

= n=2

4 (-0.85eV)

3(-1.5eV)

R

2(-34eV)

y n=1(-13.6 V)

Hence, the correct answer is (B).

and E.=E, =085 7"

Now, E- -E; =27 eV

= Z=1

The ionisation energy is IE=13.6 eV
Hence, the correct answer is (A).
E. =E —E=1275eV

and E_; =E, —E;=0.66 eV

Hence, the correct answer is (A).

min

IUO(E”E1)=(4280)RCI1

= Rch l—l =(§]Rch
12 49

1 1
= —2:—

ny 49
= n=7

So, the atoms are in the sixth excited state and hence
n=6.
Hence, the correct answer is (B).

51.

52.

54,

55.

56.

57.

58.

The maximum energy of the emitted photon is

4
[ —8 ) Reh
49
Hence, the correct answer is (C).

n(n-1) _7(7-1)
2 2
So, maximum number of photons emitted is

100 N =2100

Hence, the correct answer is (D).

N = =21

he

EtliEZ =I
136x(1)° (-136)x (1) _he
16 4 i

= —085+34=255eV= %

1=@=4862 A =4862nm
2.55

Hence, the correct answer is (C).

AE=@:@:12.09
A 1025

Hence, the correct answer is (D).

Ze?

Since, KE =

Sme,r

As n increases, r increases, so kinetic energy
decreases.
Hence, the correct answer is (B).

ZZ
E=-136 E, = —13.6(—2] eV
n

2
= E”:—13,6(2 ]e\f:—% eV=6eV

3
Hence, the correct answer is (A).
E=3477
= E=34x1"=34eV

Hence, the correct answer is (B).

Matrix Match/Column Match Type Questions

1.

A—(q)
B—(r)

C—(s)
D—(p)

2

Foo—, Doc—

n



2.

ICON

, .U
Since, 7o —
r

72
= Joc—r
7B

i i
Since, B o< —
-

3

= BOC—S
n

= (r)

- (p)
C - (s)
D—(t)

2
E-136(Z ]eV
il

(A) For second excited state (1=3) of hydrogen
atom (Z=1), we have

E=-13. 6(]— -151eV
(3)

(B) For fourth state (n=4) of He* (Z=2), we have

2V
E:—l[’r.ﬁ(g] =-34eV

(C) For first excited state (n=2) of Li**(Z=3), we

have
22
U=2E= —27.2[ _ZJ
n

= U= —27.2(%) =-612¢eV

(D) For second excited state (n=3) of Li""(Z=3),
we have

2
K=-E= 136(Z ]eV
nl

32
= K=13.6(§] =13.6eV

A= (1)
B—(s)
C—(p)
D— (g s)

For H-like atom (atomic number Z), the energy of

2
electron in n™ orbitis E, = (13.6)2—2 eV
n

Hints and Explanations H.71

(A) For Li**(Z=3), 50 we have
E=-13.6x9=-1224 ¢V
So, ionisation energy is 122.4 eV

(B) For Be***(Z=4)and n=2,we have

2
=10 5y
(2)
= |E|=544eV

(C) For B****(Z=5) and n=1, we have

2
po B6)5) .y

(1"
So, ionisation Energy is 340 eV
(D) For He"(Z=1), the assembling energy is equal
to ionisation energy i.e.

2
|E”|_+136[ ]eV

2
2
|E,|= 13.6% =544 ¢V

For He"(Z=1), in the third excited state ie.
n=4,wehave

2
|EH|=13.6(2J
4
|E,i|—ﬁ eV=34eV
A—(p,s)
B—(u)
C—(r)
D—(t)
L=mvr=ﬁ
2n
For ﬂ:1,L=i
2r
For n=4,L=%
T
2
E, -—136(2—2} eV
n

CHAPTER 2
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11.

12.

13.

= U, =2E, =-1088 eV

ZZ
Since, K, = -E, =(13.6) "5
n

) 2
= K”=(13.6)(—J
2
= K,=136¢V

15.

A= (s)

B—(r)

C—=(q)

D-(p)

For a given atomic number (Z), the energy and hence
frequency of K-series is more than the L-series. In
one series also, f-line has more energy or frequency
compared to that of a-line .

A->(p,s)
B—(q,s)
C—(q, )
D—(s)

E 1 1
= —oc— and Eproec—
pon n

r
= —on’ and Er = constant

P

A= (prt)
(q,9)
(q,9)

B—
C—
D—-(p 5t

r 16.

Also, M =iA

= M=i(7rr2)

=)
= Moe|—|| =
(ﬂ3 72
= Mwxn

A—(s)
B— (1)
C—(p)
D—(q)
E—(r)

he
Since, AE=—
A

For (n+1)—n transition, =1,

2 (n+1)°

= =
" (2n+1)R

For o —n transition, A =24.;,

2
n

= ‘lmi.l"l=7
R

For Lyman series, n=1

1

= Apax -4 and Ay, =—
R R

Balmer series, n=2

Amax = ﬁ and ‘A'mi.n =5
5R R

Paschen series, n=23

144

A’max I
7R

and A =2

Brackett series, n=4

400 16

A’max =— and ‘a’min =
R R

Pfund series, n=5

900 25
1 =" and 1. ==
g max 1]_R an Al’ﬂlrl R
A-=(p,qt)
B—(r)
C—(s)

D — (t)



18

19.

1 1 v .U
vec—, KEec—, L, 0=~ and i« —
n n r r

. 1
Since, rocn’ and ve
fl

1 o1
= We<— and i —
n

n
. A= (p)
B—(p)
C-(q)
D—(s)
1 1
()
1 1 .
= f:k[—z——z},where k is a constant
ny

For f;,wehave n;=1and n, 5
= fi=k
For f,,wehave n;=1and n,=2

3

f=3

For f,, we have n; =2 and 1, — e

B, (Uni-1/n3)

M (1_‘/"1112 ~1/n3 ) ;

1/4-1/16)4
= A ——( ' ' 6}

2 (1_‘,-‘! ni -1/nj ) ;

3 1
il =(—”') (=1,
16 (1}?11 1/n; )f

ICON

20.

21.

Hints and Explanations H.73

(A) For first line of Balmer series,
m=2,n=3
20
(B) For third line of Balmer series,

m=2,n=5

28 ~N

(C) For first line of Lyman series, oz
Ll

ﬂl = 1 ’ ﬂz = 2 ’ P

N o.

= 112 =— <

4 XL

v

(D) For second line of Lyman series,

m=2,n=3

128

A—(s)
B—(r)
C—(s)
D—(p)

Zz
For He" atom, Z=2 and E, = —13.6(—2] eV
n

2

= FEo—
2

E,=-34eV

oo Er=-136eV

Ionization energy from first excited state of H-atom is
given to be

E=|E|=34eV
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(A) For He" atom (Z=2),s0
|E | =(13.6 eV)(2)’ =16(3.4 €V) = 16E

(2)?
(B) U,=2E,= 2(—13.6)W

= U,=-8(34eV)=-8E
(C) K,=|E,|=16E

(2)°

@=4(3.4 eV)=4E

(D) |E,|=(13.6)

Integer/Numerical Answer Type Questions

2

. ] v .
1. Acceleration of the revolving electron is a = — . Since,
r
2

Z n
we know that ve<— and roc?. So, for the same
n

orbit of both the atoms, we have

= a«Z’

7\ (2Y
= a—l = —1 = (—) = 8
a, \Z, 1
2. After removing the first electron it will become He"

ion. The ionization energy of single electron in He"
ion (Z=2) is

[E=13.6(7%)=544 eV

Therefore, total energy required to remove both the
electrons is given by

E=(246+544)eV=79eV

20V, [2(16x1077)(18000)
3. o= 0 - .
i 9x10

= 0=8x10" ms

= x=8

s £ _p o127, 1575
1085 304

n

= (13.6)(22)(1—12

] =521eV
n

(] |
1 ..
= 1—n—2:0.96 {.Z:Z}
= n=>5

Since, we know that inside a material of coefficient of
absorption i, the intensity of X-rays decays exponen-

tially with distance x as I =™ So, we have

L
g
= Ux=/I(n2
/
x= 12089 _ 61386 om
u 50

= x=138.6 um =139 ym

Since, %=R(Z—l)2(l—i)

12 22
%=(1.o9x107)(z_1)z(§)
0.76 x 10 4

= Z-1=40
= Z=41
E=eAV="C
2
E=k=%=4000ev
A 31
av=E_2000eV _ 00V =1k
e e

Let m; and m, be the mass of a-particle and hydro-
gen atom.

By Law of Conservation of Momentum, we get

myity = (my +my Jo
where u; is the initial velocity of the incident
a-particle and v is the final common velocity (or
velocity of centre of mass) of the particles.
By Law of Conservation of Energy, we get

1 1
Emlvlz = E(m] +1my )v* +AE,

where AE,; is the Ionization Energy

The loss in KE of the « -particles must be gained by
the atom as ionisation energy, so we have
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Hints and Explanations H.75
e
1 13.6) 2
( el ]vf = AE, (s 62) =0.544 (D)
2\ my +my n
13.6)Z°
o Ky=imgi= m1+m2]AE ( )2 =085 o)
2 m2 ( n-— 4 )
Solving equations (1) and (2), we get
S K=[1+2L A,
11y Z=4and n=20
4 12375 2
= — b mn-— s .. . -\ 40441 A
= K [1+1](136)e\/ (b) 0544 (035) N
= K;=68eV 13. Given, A, =4102 A, 1, = 4861 A o
7]
9, P=VI For Balmer Series, we have =
Total power drawn by tubeis P=VI =200 W 1 R( 1 1 J &
= —=Rl5-—=
As 0.5% of the energy is carried by the electrons, so A 2 T
power possessed by the X-ray beam is L (@)
Substituting values of 4; and R, we get
P’=(%](2OD)=1W =6
Similarly, for Balmer Series, we have
10. U=-17¢eV
L R
= E= %= -0.85eV= 712'6 Ay 2 m
n
— =4 Substituting values of 4, and R, we get
Ejected photoelectron will have minimum de-Broglie np =4
wavelength corresponding to transition from n=4 to Now difference of wave numbers of above two lines is
n=1,s0 we have 1 1 1
AE=E, —E, =—0.85—(-13.6)=1275 eV PR
Using Einstein’s Photo-Electric Equation, we get 1 1 1 1 1
= ———=—= —_——
K,..=AE-W=1045 eV Mo Ay A (ni nf]
1o ’ 150 i {for an electron] Transition n, - n; or 64 correspond‘s t(? second
1045 line of Brackett series, whose wavelength is given by
= A=38A=4A 1 (1 1)
TN E T2
11.  Shortest wavelength of Brackett is obtained when tran- A &6
sition takes place from 1n =4 to n — e and is obtained Substituting the values, we get
when transition takes place from n=2 to n > . 4= 26206 A
1 1 1 1
= (136)2° ———]=13.6(———)
(136) (16 . i = 1, Z_C+;_"=Rchzz(1%—%)
n
= Z=2 ?
( ) = n=6
. nin-1
12. (a) Since, N = - 6 15. From the given conditions
- n=4 E, —E,=(102+17) eV=272 eV (1)

ie., if ny=n, then n,=n-4 and E,-E,=(425+5.95) eV=10.2 eV ..(2)
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16.

17.

Equation (1) - (2) gives
E,-E,=17¢eV

= 22(13.6)(1—1]=17
4 9

- 22(13.6)(i]=17
36

= 7'=9
= 7Z=3
From equation (1), we get

22(13.6)(1—12):27.2
4 n

1 1
_ (3)2(13.6)(1—?1—2]:27.2

o, 1.1
4
1

=0.222

5 =0.0278

=

= n*=36

= n=6

The energy required to remove both the electrons from
the atom is

E=25.6+13.6(2)2(1121)

o0

= E£=256+544=80eV
= N=8

(a) Trydberg =22x 107 J=Rhe

Ionisation energy is given as 4 rydberg, so

8.8x107'®

16x107° oV

[E=88x1078]=

=  Energy in first orbitis E; =-55eV

Energy of radiation emitted when electron jumps
from first excited state (7=2) to ground state
(n=1) is

E
?—El = —%El =41.25eV

So, wavelength of photon emitted in this transi-
tion is
_ 12375

A=—""=300 A
41.25

Ey =

18.

19.

20.

(b) Let Z be the atomic number of given element.
Then

E, =(-13.6)(Z?)

= -55=(-136)(72)
= Z=2

(c) Since, r= aZ—D , 80 the radius of first orbit of this

atom is
a
2
= *=2

1
According to Moseley’s Law 7 (z-1)

T 193 (29-1)° \28
25 Y
Ay=193 = | =154
= 2 (28] pm
2
p o 136 o

n
1’12

Substituting z=3, we get

E o124
n
E =22 1m4ev
(1)
1224
and Ey=-——=-136¢V
(3)

= AE=E,-E =1088eV
The corresponding wavelength is

12375 12375

=—= = A=11374 A
AE(ineV) 108.8

= A=114A
Total number of electrons striking the target per second
_10x10°

H=—m————
16x107°
Kinetic energy of an electron is

K=40x10% eV=40x10°x 1.6 x10 ¥ =6.4x10 |

=6.25%10"

Total energy of electrons striking the target (per
second) is

E=6.25%x10"°x64x107"° =400]
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(a) Total power emitted as X-rays is 1% of 400 W.
So

P=4W
(b) Heat produced per second is

H=(400-4) Js" =39 Js

ARCHIVE: JEE MAIN

1. Energy released by hydrogen atom
11
AE; =13.6><(——)= E><13.6 eV=102eV
1 4) 4

Also, energy absorbed by He® ion in transition
n=2—-n=41is

AE, =13.6x4x[1—i] =102 eV
4 16

So, possible transitionis n=2—sn=4
Hence, the correct answer is (A).

2 Log(L)
A o\22 3

1=R[i_i]
A 22 47

54, 124,

36 4xl1e6

2=5><660><64=489nm
36x12

Hence, the correct answer is (B).

2
3. E”=—(13'iz ]eV

n

For He" ion (Z =2) in first excited state (1 =2), we get
E,=-136eV

= lonisation energy is 13.6 eV

Hence, the correct answer is (A).

e
)

4. AE

_ (1
= AE=(134)(3) (1 16)ev

| l2xi6 oo
(13.4)x(9)(15) '

Hence, the correct answer is (D).

Hints and Explanations H.77

- A= he 12375

E -E¢ ( 15.525)
1000

= 1=797x10" m=8x10"m

= x=8
N
13.67* E
= AE, =-—/
n I’IZ E
Let it start from #; to n, and from n, to ground. <
Then 13.6x4[1- L [=— 1 E
ny| 304 nm
1
= 1-—=074%8
)
1
1
= m=2
EY D7 -
4 ny) 1085x10"
= = 5

Hence, the correct answer is (A).

Lo(id)rl 0
A 9 16 144
l=R[l_l]=Ri ..(2)
Ay 4 9 36

A 5x144 20

Ay 36x7 7
Hence, the correct answer is (D).
AE:E

A

AE= % =12.76 eV
= E,-E=1276
= E,=E+1276
= E,=-136+1276

13.6

Since E, = -y eV

-13.6

nZ

= E,=-084eV= eV
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10.

= n=4
= 1,=16a,

Hence, the correct answer is (D).

2
lzRZ2[1_1}=5RZ

A 4 9 36
1 Zz[l_i]:?’RZz
A 4 16 16
A= 162 and A= 362
3RZ 5RZ
A 16x5 20
e _= = —
A 3x36 27
= l’:ﬁl
27
Hence, the correct answer is (C).
du
Since F=——
dr
2
= F:kr:ﬂ
r
= 32:£r2
m
= v:JEr (1)
m
Also, mur = h .(2)
r

Solving (1) and (2), we get

(B}
m| ,[—r |r=—
m 2
= ren

Since, E=PE+KE

2
= E= 1krz +1m(\j?r]
2 2 m

= Eoxi?
= Ewn

Hence, the correct answer is (B).

Momentum of electron in different states

- h ) h
n=5r Pg=

Ay /13

2 2

L p h
Kinet , K=—=

inetic energy, Y
Total energy in an orbit of hydrogen atom,

h2
_2m/12

(] |
i1 1
E-E =—| ———
n g 2m[l§ 2'12(]
I 15—}; he
2m A;lﬁ _An
A2
= A=
h | A--4
n g
-1
2mcA? A 2meA? 22
= A =—"21-2 =—41+ 2
h A h A
A<y}
2med’ [ 2mcAg | 1 B
_ g g _
= An - —+( ]—2 = A+—2
h h A’H A'H
2mcﬂ§ Zmd;
where A and B are A= . ,B= p

Hence, the correct answer is (A).
Frequency of emitted photon in a hydrogen atom is
givenby v= Rc[%—%)
m
For Lyman series, series limit condition is given by
My =oc0, ny=1.

= VL=RC(112—%J=RC ..(1)

For Pfund series, series limit condition is given by,
Ny =00, Ny = 5
1 1) Re
v=Re| 5-— |=—= (2
o [52 o ) % @
Y
25

Hence, the correct answer is (D).

From equation (1) and (2), Vp =

. Energy required to remove an electron from singly

ionized helium atom =544 eV.

Energy required to remove the electron from helium
atom be x eV

Given 54.4 eV =22x
= x=2473eV

Total energy required to ionize helium atom is
E=544+2473=79.13 eV

Hence, the correct answer is (B).



14.

15.

16.

17.

ICON

As photon energy, E = %

Av _Ex
T h Ex

where E, and Ey are energies of photons from atom
and nucleus respectively. Ey is of the order of MeV
and E, in few eV.

So Ay =107
Ay
Hence, the correct answer is (B).
Since A= Mh—fE , so from energy level diagram, we
have
A’l = E
E
he
Ay = ——rc
(3
3
L Al
Hence, the correct answer is (D).
Magnetic field at the centre, B, = ’;—OI
f,

n

For a hydrogen atom, radius of 7™ orbit is given by

(P‘IZJ( h ]2 4me,
n=l—|—1|—
m J\ 2w s

= 1 N
T 2z, 2ar,
v

Also, v, =<1

= I«n™ Hence, B, <n™

Hence, the correct answer is (D).

For first orbit of hydrogen atom (n=1),

2 2

m’_ 1 ¢ "

r Ay r’
h

mor = — (2
o (2)

2
Squaring equation (2), we get m*0’r” = o=
n

Dividing both sides by r°, we get
m*v* K

r 4y’

18.

19.

20.

21.

Hints and Explanations H.79

v h?
= —=—53 5
ro4nirm?

This is required acceleration of the electron.
Hence, the correct answer is (B).

Energy of emitted photon

1

1
Ez[—z——z]xl&ﬁ eV:Ex13.6 eV
1° 2 4

Energy required to completely remove the electron
from n™

excited state of doubly ionized lithium, o~
2

P 13.622 Vo 13.62>< 9oy E

i n
=
Since E>E’ .
3 13.6x9 S
= X 1362 " T
W

= n*23x4

= n2412=35
= Least quantum number for the excited state = 4.
Hence, the correct answer is (B).

2

z
KE o« —
n2

So, as 1 decreases, KE decreases, PE decreases and TE
decreases.
Hence, the correct answer is (A).

muR = 1 ..(1)
2n
and vB—m—UZ' B—@ (2)
quB= R gB= R
. nh
From equations (1) and (2), we get qB( ) =1mo
2mmv
1 mo* = thqB
2 4rm
= E= ﬂ( _hqB ]
dmm

Hence, the correct answer is (B).

1 (1 1
Since, —=RZ"| ——-—
A [n)% n?}

1

= lc’c?

= AZ%=constant
= ll=lz=4lg =9A,4

Hence, the correct answer is (C).
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22,

23.

24,

1 1
f“[(n—l)z(nf]

n?—(n-1)*

n(n-1)7
2 2
n--n--1+2n
= focﬁ
n“(n-1)
2n-1
= o —
f n2(n-1)*

Since, n>>1
1
= oc —
fems
Hence, the correct answer is (D).

Number of spectral lines in the emission spectra,

N=n(n71)
2
Here, n=4
4(4 -1
= N-= (2 ):6

Hence, the correct answer is (C).

A diatomic molecule consists of two atoms of masses
m, and m, at a distance r apart. Let r, and r, be the dis-
tances of the atoms from the centre of mass.

The moment of inertia of this molecule about an axis
passing through its centre of mass and perpendicular
to a line joining the atoms is

2 2
[=nmyr +myry

m; m;

As nyr = myr, O o e

m r r
= n=—1trn o r %

my " ’
= [t =t

m
= n=—2(r-n)

My

. myr
On rearranging, we get 7, = ——=
1y + 1,
. mr
Similarly, 7, = —
m, + 1,

25.

26.

Therefore, the moment of inertia can be written as

2 2
1,1 m,r n,m
I=m1( 2 ] +m2( 1 ] =—12 2 )

According to Bohr’s quantisation condition

h h
L="" [-_-h=_}
2r r
2,2
?’Ih 2,72
= L'=——==u"h (2
o= 2)

2
Rotational energy, E = o

2 2,2
n nh
= — using (2
st 21 fusing (2)}
272 2,2
h + +
il (m ""22) _ e (m mzz) {using (1)}
87 (mymy )r 2 (mymy)r
w1 (my+my )
= =T, 7
2mymyr
Hence, the correct answer is (C).
13.62
Using, E, =———eV
n
Here, Z =3 (For Li"™")
2
13.
- 36(;’7) oV
(1)
2
= E=-1224¢V and E; = 7_13‘(6 ’;2(3) =-13.6 eV
3

AE=E,-E =-136+1224=1088 ¢V

Hence, the correct answer is (C).

n=5Pfund
n = 4 Brackett
. n = 3 Paschen
Ba’Imer n =2 Balmer
Ilyr;'l;m n =1 Lyman

Transition 4 — 3 is in Paschen series. This is not in the
ultraviolet region but this is in infrared region.
Transition 5—4 will also be in infrared region
(Brackett).

Hence, the correct answer is (D).
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Single Correct Choice Type Problems

1. K, transition takes place from n; =2 to n, =1

= l:R(Zb){%%]
A (1" (2)
For K-series, b=1

= —«(Z-1)

Ao _4lx41_1681

Ay, 28x28 784

Hence, the correct answer is (B).

b _ 5

= —_——
A 27

> J,=1215A

Hence, the correct answer is (A).

3. Cut-off wavelength depends on the applied voltage
not on the atomic number of the target. Characteristic
wavelengths depend on the atomic number of target.
Hence, the correct answer is (B).

4. The series in U-V region is Lyman series. Longest
wavelength corresponds to minimum energy which
occurs in transition from n=2 to n=1.

1

R
122=———— (1
= T 1 (1)
1?2
The smallest wavelength in the infrared region corre-

sponds to maximum energy of Paschen series.
1

- R
= A= T 1 (2
32
Solving Equations (1) and (2), we get

A=8235nm
Hence, the correct answer is (B).

Hints and Explanations H.81

1 2
—w(Z-1
> (Z-1)
M _(Z,-1Y
A \z,-1

5
4 \11-1

Solving this, we get, Z, =6

Hence, the correct answer is (A).

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
ionise the atom.

Hence the balance energy ie., (15-13.6) eV =14 eV
is retained by the electron.

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

Hence, the correct answer is (C).

U=eV=eV010ge[L)

CHAPTER 2

fo
au| eV
|F| =‘__ =_¢
dar 7
This force will provide the necessary centripetal force.
2
v,
Hence, me _t%
r r
= o= |V (1)
m

Since by Bohr’s Quantisation rule, we have
nh
mor = — (2
o 2)

Dividing equation (2) by (1), we get

(nh ) m
mr=|— | |—
2 J\ eV,

= Iy=<n

Hence, the correct answer is (A).

Second excited state implies n=3

R
()]

2
|Ey|= Z—2(13.6)eV
n
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10.

11.

12.

= |EH|_ 136)eV

= |Eu|— 136)

= |EU|=13.6eV
= |Ey|=9|Ey]
= |Ey|>|Ex]

Hence, the correct answer is (B).

= 3.2><]0_3=(£](1.6x10_19)
[

= (%):uw“’

Hence, the correct answer is (A).

Ac decreases with increase in accelerating voltage in
accordance with the expression given by

he

Ao = eV
Wavelength for K, line is not affected as it is due to
the electronic transition between n=2 and n=1 in

the target element. Hence (Agx —A¢) increase with
increase in the accelerating voltage.

Hence, the correct answer is (A).

Energy of infrared radiation is less than the energy
of ultraviolet radiation. In options (A), (B) and (C),
energy released will be more, while in option (D) only,
energy released will be less.

Hence, the correct answer is (D).

U, < —
n

1
= KEe "l (with positive sign)

1 Zé?
Since potential energy is givenby U, = ————
P BYRE Y drey
. . 1 1
= U, isnegative and U, o< —o—
rH n

{ because r, < n* }
Similarly, total energy E, o iz (with negative sign)
n

Therefore, when an electron jumps from some excited
state to the ground state, value of n will decrease.

13.

14.

Therefore, kinetic energy will increase (with posi-
tive sign), potential energy and total energy will also
increase but with negative sign.

Thus, finally kinetic energy will increase, while poten-
tial and total energies will decrease.

Also, for hydrogen and hydrogen-like atoms, we have

ZZ
E,=-136=5eV
n
ZZ
U, =2E, =272 eV
n
ZZ

and K, =|E,[=136— eV

From these three relations we can see that as n
decreases, K, will increase but E, and U, will decrease.
When an electron comes closer to the nucleus, the elec-
trostatic force (which provides the necessary centrip-
etal force) increases or speed (or KE) of the electron
increases

Hence, the correct answer is (A).

4
me
E, =-——5—,m=mass of electron
8n“h &)
m et

hypothetical
ﬁ E” —_ y'pﬁz ezlcﬂz

81nh &)

Rhe
= E = —2( 5

fl

The longest wavelength (or minimum energy) photon
corresponds to transition between adjacent states.

leen=3ton=2

N —2Rhc(1—1]
. 9 4
o e ZRhc( i)
j"l'[li‘l)( 36
18
max 5R
Hence, the correct answer is (C).
Ay = _1 55x107™" m
= A =0155A

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

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

Hence, the correct answer is (D).



16.

17.

18.

20.
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(-) sign to be used for approaching

(+) sign to be used for receding
M _706-656 v

A 656 c
= 0=2x10" ms™
Hence, the correct answer is (B).
The continuous X-ray spectrum is shown in figure.

E.

A

>4

’?'min

All wavelengths 4> 4, are found, where

12375

Amin = V (in volt)

Here, V is the applied voltage.

Hence, the correct answer is (B).
72

. —n—2(13.6 eV)

E

= E,=9(136eV)

= E,=124eV

Hence, the correct answer is (D).
A, =0.021nm=021A

Since, AKQ corresponds to the transition of an electron

from L - shell to K - shell, therefore,
12375 12375

AlinA) 021

E -Eg=(ineV)= ~ 58928 eV

= AE=59 keV
Hence, the correct answer is (C).

For quantum number 1 we have 2n* electrons.

For n=1 we have 2 elements

For n=2 we have 8 elements

For n=3 we have 18 elements

For n=4 we have 32 elements

So, total number of elements is
2+8+18+32=60

Hence, the correct answer is (C).

Hints and Explanations H.83

21. Shortest wavelength or cut-off wavelength depend

only upon the voltage applied to the Coolidge tube.

Hence, the correct answer is (B).

Multiple Correct Choice Type Problems

1L

A
= = -
., E-E 5 1 N
16 o
5 1 1 -
~ 16x5 m® 16 o
L 1.1 <
m2_4 I
U
= m=2
E,-E E,-E
Apﬂ=(4 1}arldApl,=(4 n)
¢ c
_ &, (E-E) _15x16
Ape (Etl_Em) 16x3
M (136 ev)x>
) 16
1242 x16
= nm =4,
3x13.6
= A, =487 nm

Hence, (C) and (D) are correct.

2
Since, r, = ( U ] 1
Z

A A
- 8ol
T n
Since, An=1 (for two consecutive orbits)
oy 1
By 1
h
Since L= m
2r
AL An 1
= —=—0=—
L n on
ALl
L n
Hence, (A), (B) and (D) are correct.
Since L= nh = 3k
2r 2w

= n=3
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is utilised in producing X-rays. Rest 98% is lost
heat.

Hence, the correct answer is (B).

Comprehension Type Questions

= Z=2 nh
1. L=lo=—
Possible transitions are 3—2, 3—1 and 21 2r
For 3 =2, we have m—ﬂ
2nl
1 1 1 -1 R
—=R(2)2(———)=4R(9—)=5— )
A 4 9 36 9 1. , 1.( nh n2h?
; = K=-lo’=-I|— | =—
= f=—— 2 \ 2xl 81l
53R Hence, the correct answer is (D).
For 3—1, we have 352
2 hw=K-K=—%
8r°l

1=R(2)2(11]=4R(8)=32R
2 9 9) 9

9
T 32R

For 2—1, we have

{12

2 1
= A= i
3R
Hence, (A) and (C) are correct.
4, Teen®
T
= 1-=8
T,

Satisfied by both (A) and (D)
Hence, (A) and (D) are correct.

[ 3h _3x2mx10 xn
S 8nif 8xax4x10

=

= 1=187x107* kgm?
Hence, the correct answer is (B).

3. [I=pur* (where, u= reduced mass)

4
S MM B u=1143x107 kg
m1+m2

Substituting in I = ur* we get,

I [187x107%
r=|—=,|———
u V11.43x107

= r=128x10"m

Hence, the correct answer is (C).

5. /'Lm(in A):—.l2375 1 g= na
V(in volts) 2
With increase in V, 4, will decrease. With decrease S
in A, energy of emitted photons will increase. And x=0 x=a
hence intensity will increase even if number of pho- < @ >
tons emitted per second are constant. Because inten- 1= 20 _h_ h
sity is basically energy per unit area per unit time. - A= n p ~ 2mE
Hence, (A) and (D) are correct. 1
2 S
6. 1, oc”? and | PE|=2(KE)
1
Hence, (A) and (D) are correct. = kb= 7

Reasoning Based Questions

1. Cut-off wavelength depends on the accelerating

Hence, the correct answer is (A).

5. From equation (1), we get

voltage, not the characteristic wavelengths. Further, E- n*h’
approximately 2% kinetic energy of the electrons 8a’m

in
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In ground state n =1
i
8ma”

= El =

Substituting the values, we get
E; =8 meV

Hence, the correct answer is (B).

Since, we have already calculated that

2a _h h
l=?=;=m (1)
From equation (1), we get
pen
= mu«n
= Teen

Hence, the correct answer is (D).

Energy given by H-atoms in transition from n = 2 to
n=11s equal to energy taken by He" atom in transition
fromn=2to n=4.

n=2 O -3.4eV
| AE=1026V
n=1 -13.6eV
H-atom
n=4 y -3.4¢eV
n=3 -6.04 eV
AE=10.2¢V
n=2 Q -13.6 eV
n=1 -54.4 eV
He*
Z=2

Hence, the correct answer is (C).

Visible light lies in the range, 4;=4000A to
A, =7000 A. Energy of photons corresponding to
these wavelengths (in eV) would be

£ =15 _sev, =15 17 ey
4000 7000

From energy level diagram of He" atom we can see
that in transition from n = 4 to n = 3 energy of photon
released will lie between E, and E,.

AEy=-34-(-6.04)=2.64 eV

Wavelength of photon corresponding to this energy,

A= 12375 A=46875A
2.64

A=468x107 m
Hence, the correct answer is (C).

Hints and Explanations H.85

9. Kinetic energy K o Z*

Ky (1] _1
K, \2 4
Hence, the correct answer is (A).

Integer/Numerical Answer Type Questions
1 13.6(1—1]22=74.8+13.6x(1—1]22
1 4 4 9
= 13622(3 5) 748
4 36

= 7'=9

= Z=3
) 120exe _p* I
ame, (10x107%) ~ 2m 22x2m

K? ey 107 s
2m 120¢*

h [ame,x107
= A=—x,——
e 2x120xm

= l=4.2><10‘15><\/

AP=—

1074 %3
9x10° x2x120x5x107

= A=7x10"m
= A=7fm

3. Potential energy of hydrogen atom (Z=1) in n'™ orbit is
272

PE= U———eV
n*
272
Uy mp 1
- L=
u 272 625
n
n
= 625= F
n
= —’f=2.5=§
1, 2

1
Hence the answer is 5.

s
4. Energyavailable E = he _1237x10™ eVm

A 970x107" m
This energy corresponds to 4™ energy level of hydro-
gen atom.
Hence, the number of lines present in the emission
spectrum is

=1275eV

4(4-1
N=4C2= (2 )=6

CHAPTER 2
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Kinetic energy of ejected electron is equal to the energy
of incident photon minus the energy required to ionize
the electron from n'™ orbit (all in eV )

o 104=22 ||
90

2
Since, E, =13'6[22J eV, so for the nth orbit of
n

hydrogen atom, we have,

E,,:[g] eV

n
4122 136
90 n
Solving this equation, we get
n=2
h h
Angular momentum =n| — |=3| —
2r 2
= n=3
2
Now, r, = [n]ao
Z
2
= n =(:;)(a0)=3a0

[ ] ]
= muy(3a )—3(h)
324 by
= ——=2aq
My
h
= —=2ma, { p3=mv}
P3
h
= Ay =2m, {-_-,1:_
P3
= Answeris2.
120e x e p2 h?

4me,(10x1075)  2m A7 x2m

_ I Ameyx107
2m 120

4
- A:Ex dme,y %10
e 2x120xm

= A2

10743

= A=42x107° x\j - -
9x10" x2x120x5x 10"

= A=7x10"m

= A=7fm



