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Q1. Imagine removing one electron from He* and He®. Their energy levels, as worked out on
the basis of Bohr model will be very close. Explain why.

Q2. When an electron falls from a higher energy to a lower energy level, the difference in the
energies appears in the form of electromagnetic radiation. Why cannot it be emitted as
other forms of energy?

Q3. Consider two different hydrogen atoms. The electron in each atom is in an excited state.
Is it possible for the electrons to have different energies but the same orbital angular
momentum according to the Bohr model?

Q4. Would the Bohr formula for the H-atom remain unchanged if proton had a charge (+4/3) e
and electron a charge (- 3/4) e, where e = 1.6 x 10~ "° C. Give reasons for your answer.

Q5. The mass of a H-atom is less than the sum of the masses of a proton and electron. Why is
this?

Q6. Assume that there is no repulsive force between the electrons in-an atom but the force
between positive and negative charges is given by Coulomb’s law as usual. Under such
circumstances, calculate the ground state energy of a He-atom:

Q7. Positronium is just like a H-atom with the proton replaced by the positively charged
anti-particle of the electron (called the positron which is.as massive as the electron).
What would be the ground state energy of positronium?

Q8. Using Bohr model, calculate the electric current created by the electron whenthe H-atom
is in the ground state.

Q9. Show that the first few frequencies of light that is emitted when electrons fall to the n™
level from levels higher than n, are approximate harmonics (i.e.;.in the ratio1: 2: 3...)
when n >>1.

Q10. What is the minimum energy that must be given to a H atom.in ground state so that it can
emit an HY line in Balmer series. If the angular momentum of the system is conserved,
what would be the angular momentum of such H-, photon?

Q11. Deuterium was discovered in 1932 by Harold ‘Urey by measuring the small change in
wavelength for a_particular transition in 'H and *H. This is because, the wavelength of
transition depend toa certain extent on the nuclear mass. If nuclear motion is taken into
account then the electrons and nucleus revolve around their common centre of mass.
Such a system.is equivalent to a single particle with a reduced mass p, revolving around
the nucleus at a distance equal to the electron-nucleus separation. Here p = m,M/(m, + M)
where M-is the nuclear mass and me is the electronic mass. Estimate the percentage
difference in wavelength for the 1st line of the Lyman series in 'H and 2H. (Mass of 'H nucleus
is 1.6725 x 10~ % kg, Mass of 2H nucleus is 3.3374 x 10~%" kg, Mass of electron =9.109 x 10" *'kg.)

Q12. In the Auger process an atom makes a transition to a lower state without emitting a photon.
The excess energy is transferred to an outer electron which may be ejected by the atom.
(This is called an Auger electron). Assuming the nucleus to be massive, calculate the
kinetic energy of an n = 4 Auger electron emitted by Chromium by absorbing the energy
from a n = 2 to n =1 transition.
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Q13. The Bohr model for the H-atom relies on the Coulomb’s law of electrostatics. Coulomb’s
law has not directly been verified for very short distances of the order of angstroms.
Supposing Coulomb’s law between two opposite charge +q,, —q, is modified to:

- 919 1
(4ngg) r’  °
dnegyg Ry \ r

Calculate in such a case, the ground state energy of a H-atom, if ¢ = 0.1, R, = 1A.

Q14. If a proton had a radius R and the charge was uniformly distributed, calculate using Bohr
theory, the ground state energy of a H-atom when (i) R=0.1A, and (ii)) R=10 A.

Q15. The first four spectral lines in the Lyman serics of a H-atom are A =1218 A, 1028A, 974.3 A
and 951.4A. If instead of Hydrogen, we consider Deuterium, calculate the shift in the
wavelength of these lines.

Q16. The inverse square law in electrostatics is |F| = ﬁ for the force betweenanelectron
TESO T

and a proton. The [1] dependence of | F| can be understood in quantum theory as being
r

due to the fact that the ‘particle’ of light (photon) is massless. If photons had a mass m,,
2

force would be modified to |F| = 972 {iz + &], exp (—Ar) wheredA=m_c/hand h= h .

(Areg)re Lre r P 2n

Estimate the change in the ground state energy of a H-atom if m, were 10~ ¢ times the
mass of an electron.
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S2.

S3.

S4.

S5.

S6.

S7.

Date: 22/10/2021

On removing one electron from He* and He®, the energy levels, as worked out on the basis of
Bhor model will be very close as both the nuclei are very heavy as compared to electron mass.
Also after removing one electron from He* and He® atoms contain one electron and are hydrogen
like atoms.

The transition of an electron from a higher energy to a lower energy level can appear in the form
of electromagnetic radiation because electrons interact only electromagnetically.

According to Bohr model electrons having different energies belong to different levels having
different values of n. So, their angular momenta will be different, as

L= n_h or L«nh.
2n

If proton had a charge (+4/3) e and electron a charge (—3/4) e, then the Bohrformula for the
H-atom remain same, since the Bohr formula involves only the product of the charges which
remain constant for given values of charges.

Since, the difference in mass of a nucleus and its constituents, AM, is called the mass defect
and is given by

AM=[Zm,+ (A-Z)ym ] -M [m, = mass of proton and
m, = mass of neutrons]

Also, the binding energy is given by B = mass defect(AM) x c?.
Thus, the mass of a H-atomis m, + m, - % where B = 13.6eV is the binding energy.
c
For a He-nucleus with charge 2e and electrons of charge — e, the.energy level in ground state is

~13.6eV
_En= F2 T

, —13.6 eV
2

=2 =-544eV

Thus, the ground state will have two electrons each of energy E and the total ground state
energy would be =(4 x 13.6) e = —-54.4 e\/.

The total.energy of the electron in thestationary states of the hydrogen atom is given by

_ me*

=M
8n’es h?

where signs are as usual and the m that occurs in the Bohr formula is the reduced mass of
electron and proton. Also, the total energy of the electron in the ground state of the hydrogen
atomis — 13.6 eV. For H-atom reduced mass m,. Whereas for positronium, the reduced mass is
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m=Te
2

Hence, the total energy of the electron in the ground state of the positronium atom is

w =_68eV.

S8. v = velocity of electron
a, = Bohrradius.

2na,

Number of revolutions per unit time =

2
Current = T
$§9. The frequency of any line in a series in the spectrum of hydrogen like atoms correspending to

the transition of electrons from (n + p) level to n™" level can be expressed as a diffeérence of two
terms.

1 1
v =c¢RZ?| ——— ,
mn [(n+,t:a)2 nz}

wherem=n+p,(p=1,2,3,..)and Ris Rydberg constant.

Forp<<n.

cRZ?

<
3
3
]
1
ml—‘
O
—
+
| o
f
N
|
o =
- 1

“1 2p 1
v, = cRZ? —————},
n> n® n?
2p ([ 2cRZ?
_ 2
Vin = RZ n_3’ [ n3 J

Thus, v, are approximately in the order 1,2, 3...........

S10. HY in Balmer series corresponds to transition n=5to n= 2.
So the electron in ground state n = 1. must first be put in state n = 5.
Energy required = E;— E, = 13.6 - 0.54 = 13.06 eV.

If angular momentum is conserved,
angular momentum of photon = change in angular momentum of electron
=L,—-L,=5h-2h=3h
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=3x1.06x107
=3.18 x 10 >*kg m?/s.

S11. Taking into account the nuclear motion, the stationary state energies shall be,

E = - }12294 [i]
" 8ejh* \n?)

Let u,, be the reduced mass of Hydrogen and p, that of Deutrium. Then the frequency of the
1% Lyman line in Hydrogen is

hv, =

© 8e2h?

py e’ [1_ 1]_3 pye’
4

4) 482n7
Thus the wavelength of the transition is

_ 3 pye’
Moagen

The wavelength of the transition for the same line in Deutrium is

A= g I'I'De4
P 48elhc
AL =Ap— Ay
Hence the percentage difference is
100x 2% = 20 =*1 100 = Po_ M 100
Ay Ay My

meMD - me MH
- (m, + Mp )~ (m, + M) y
(mMy) [(m, + M)

2 mg + My MD_1 <100
_me+MD_ M,

100

Since, m, << M, < M,

A% 100 = | Mu Mo 14my /My 1l 100
H Mp My ++m, /M,
=(1+myM,)(1 +mIMy)~"-1x 100

14+ T Me 4], 100
MH MD

m, 1 _1 %100
My Mp

1 1
1.6725x107%7 3.3374x107%

i

I

x 100

9.1 x10_31|:
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= 9.1 x107%[0.5979 - 0.2996] x 100
=2.714 x 1072 %.

§12. As the nucleus is massive, recoil momentum of the atom may be neglected and the entire
energy of the transition may be considered transferred to the Auger electron. As there is a single

valence electron in Cr, the energy states may be thought of as given by the Bohr model.

The energy of the n™" state E,= ~-Z°R iz where R is the Rydberg constant and Z = 24.

n
3

The energy released in a transition from2 to 1is AE = Z?R [1 - %) = 2 Z’R . The energy required

to eject a n = 4 electron is E, = Z°R —.

1
16

Thus the kinetic energy of the Auger electron is

S13. Lete=2+9

where

Solving this forr,we get r, = {

K.E.=Z2R[§—i =HZZR
4 16) 16

%x 24 x24x13.6 6V = 5385.6eV.

F= 19> Rg _ Rg

4ng, r2*8 S p2es
4q _
4n,e
A= (1.6 x 10797 x 9 x 10°
=23.04% 10 %
V2
Vit
2 _ /\Rg
PSSR
1/2
mvr=nh, = r=ﬂ:n_h m pHI2+812
' mv m ARS’
1
nzhz 1-8
mARg
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For n =1 and substituting the values of constant, we get

=~
1l

r,=

hz
8

.
1-5

1.052 x 1058 F

19.1x107% % 2.3%x10°%® x107"°

=8x10""=0.08 nm (<0.1nm)

This is the radius of orbit of electron in ground state of hydrogen atom.

o= nh
" mr,
For n=1, v, =
K.E.= 1
2
P.E. till R0=

r o r
PE. from Rytor= + AR -9 _ % [ 11.,}
R, I ==& r'*°

PE.

P.E.

1

mARS \1-38
nh| ——2% .

L. 1.44 x 10°m/s
mr,

mv? =9.43x107"9)=59eV

A
Ro

2+8
]

_ _/\Rg T 1
1+ 8 r‘1+8 RS+6

_ N i Rg B 1
‘!+8_r1+8 R,

A _F\’g 1

B +1+8
1+8| r'*® Ry R,

_ A | R 19
-09 7% R,
_ £x10—18[(0.8)0'9 -1.91J=-17.3eV
0.9
1

Totalenergy is (—17.3+ 5.9)=-11.4eV.

S14. For a point nucleus in H-atom:

mv?

Ground state:

I's

eZ

1

5 -
rg 4meg
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. 1 (e )1
mzrg'rs 4ne, rB2

2
h® 4ney _

™ ry=0.51A
Potential energy
2 2 2
| sio72ev; kE=TIm 4366y
anry )rg 2 2 mry 2mrg

For an spherical nucleus of radius R,

If R < rg, same result.

If R >> ry: the electron moves inside the sphere with radius r; (r;= new Bohr radius).

Charge inside

ri*=(0.51A).R>, R=10A
=510(A)*
r;=(510)""A<R.

, m “h," h 1

K.E. = _m AT h 1
2 mEréZ 2m r.éZ

1
—mv
2

2 2 2
2| = qaeev) 020 354 g4y
2mrg )\ g (510)™° 226

N e? ) [(r -3R?)
Ane,y | 2R?
N Velrg(r? - 3R?)
471:80 : rB . R3

0.51(x/510 — 300)}

1000

P.E.

1+(27.2 eV)[

r@72ev). 221 _ 3836y
1000
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S§15. The total energy of the electron in the stationary states of the hydrogen atom is given by
me*

" 8n’cih?

where, signs are as usual and the m that occurs in the Bohr formula is the reduced mass of
electron and proton in hydrogen atoms,

By Bhor model, hv,=En— E,q,f
4
T me 1 1
On simplifying, Vy= e | 5 ——5
P "= B {nf nf]
Reduced mass for H=p, = Me : me[ _%]
m, M
1+ ¢
M
Reduced mass for D= m, 1- e =m, 1—&) 14+ D
2M 2M 2M

1
hv;=(E;— E)opn. Thus, A ;

If for Hydrogen/Deuterium the wavelength is A, /2,

-1
Ay Mp 2M 2% 1840
Ap = %, % (0.99973)
Thus lines are 1217.7 A, 1027.7 A, 974.04 A, 951143 A.
S16. For m, = 10 times, the mass of an electron, the energy associated with itiis given by

m, ¢® = 10" 8<electron mass x ¢
~ 10=2 x 0.5 MeV

210 °%x05x1.6x10" 1
~08x10 "9y

~34 8
h __ho _107.X8X10° _ 4. 10 m>> Bohr radius.

m,c  m,c®  0.8x%10"°

2
|F| =28 [i+ﬂ exp (= Ar)

2

4neg | r
where A= h =4x107"m>>r,
m ¢

P
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Also :

Since, A~ '>>

or

A<< — e, Arg<<1
I's
2
e exp (—ir
TEq r
mvr=h v=l
mr

2 2
LU [r+ar?]
m 47{80
h 4nre
A=0; r=ry= — 0
BT o2
n _ e
- = . rB
m  4ngg

rg, put r=rg+3%
rg=rg+ 8+ L(rz + 8 #26r,); neglect &
0=M5+3(1+ 20 BBrr

— A2 :
5= B 2 (1=2\r) = —Ar2since Ar, << 1
T4 2075 5 B 3 5
2
e exp (—Ad — Ar,
v(r) = 1 p( B)

47!:80 !'B +8

e (B,
V() _4TEEOEH1 rBJ.(1 Krs)}

(—27.2eV)remains unchanged.

2 2 2
K.E. —%mvzzlm. h h _h (1—2—6J

I

27 mr? 2(r, 487  2r2
= (13.6 6V)[1 + 2)r]

e’ h?
Total energy = — . + o2 [1+2Lhrg]
Teglg  2lp

=-27.2+13.6[1+2\kr]eV
Change inenergy = 13.6 x 2Arg eV = 27.2 ArgeV.
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