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18.8 FORMULAE:

(1)  Energy of Photon/ Quanta absorbed or emitted

: OR »
Energy of excitation
E= Ei - Ef

(2) Angular momentum of electron

nh

mvr=— Oor L=nh
2n

mvr=1L

3) " Liner momentum of electron

: ~ nh : nh
mv=——  Oor L=—
: 2nr r

©) Radius of nth orbit of hydrogén atom
| n’h’

oo
" 4n'mKe’
or r = 0.53A°

. ;nz 4ne, n
T n . meZ :

(5) Binding energy of electron’

or T1,=n’f

E =

n

E,

E,
=

il

- 13.6ev
(6) Wavelength of emitted/ absorbed radiation
I
=R, | ———
o [ )
Ry = 1.097 x 107/m
(7)  Wavelength of photon/ radiatation from excitation potential
_he . :
eV
(8) Energy from excitation potential

E=¢eV
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18.9 SOLVED NUMERICALS OF BOOK:

PROBLEM # 18.1

Calculate the following (a) the orbit radlus (b) the angular momentum (c) the
linear momentum (d) the Kinetic energy () the potential energy (e) the total energy tor ;
the Bohr Hydrogen atom in ground state.

n=

®)

(©

@

~ Data:
=]
(@ r="?
(b) L=2
(@ P=?
@ KE=?
(e) U=2?
(D E=?
Solution:
. ! n2h2
(‘.“): , o 4n’mke’
(1)°(6.63x10™)?

43 14) (9.1x10%)(9x10°)(1. 6x10°)’ ‘

053x10'°m

B e L A
L =(1)*(1.05 x 10-34)
IL=1.05x 10> kgm/y] -

.o L=nh_.

- .mvr=nh

- mv=nh -
SR
p=nh -0
ey " :

(1)(1 05x10~ 34)
0.53x10™

) Ip 198x10’HJs]‘

KE _ (9x10°)(1.6x10™)?
Cno .0 2x0.53x10™
LE 217x 10
_217x10%
1.6x10™

[KE=136cV]

(e

4®

ke®

"~ ‘
(9x10°)(1.6x10™)*
10.53x10™ .

Ui=-434x 10"
4.34x10™ .

T 1.6x10°

E=KE+PE . ou

E=13.6-272 %"
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PROBLEM # 18.
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 What is the wavelength of the radiation that is elmtted when a Hydlogen atom
undergoes a transition from the state,n=3 ton= 1.

DATA:
A=2
nm=

l‘lf=1

SOLUTION:

> |

1=

L
A

1 1
T—‘Rll(—_'—i]
YIS ¥
—l 097x10’ ( L
3’

=]. 097x107( j
9

1Y
B

PROBLEM # 18.3
Light of wave length 486. 3nm is emltted by a Hydrogen atom in Balmer senes

‘What transitions of the Hydrogen atom is responsible for this radiation.

DATA

l'lf—2
=7

SOLUTION: .

LD
)\. \ n-r

1

k= 4863nm 4863x10m

_L)
nzs )

=1.097x10" (—1——_1_}
: 2? 20
; e 1 ¥

486.3x10°

~ 486.3x10”

0.1874=025 -1

L S 0.25 -
x1.097x10 n

i

l=1.097x107x§
A 9

L975x10°
A

1
©9.75x10°

%= 1.0255 x 10"m~_

OR

— =0.25-0.1874

— =0.0625
. ,2:. -
n’=15.98

ek =» 399 e
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PROBLEM # 18.4 . -

. {n the Hydrogen atom an electron undergoes a transition from a state whose
binding cnergy is 0.54¢V to another state whose excitation energy is 10.2eV. (a) What
are the quantum numbers of the states. (b) Compare the wave length of the emltted

Photon. (¢) To what series does it belong. (2005)

DATA: and  E; = —3.4eV

' E =-0.54eV g o —13.6
AE =102¢V nz

@ n =7 -13.6

f

(b) A =7 13.6

(c) Series =7 -

SOLUTION: ny = 2

(a) AE = Ef;El
102 = E;—(-13.6)
102 = E;+13.6

> |-

i

?70
/—ﬁx
SB2 -

|
5=
N~

(b)

Ee = 102-136 l__1097 107 (iz_i)
. E; = -34eV A 23
as E = -0.54eV —1—=1097x107(0.2540.04) :
. -136 XY T |
ng - = 23037x106
~13.6 ,
-0.54 = . T A=434x10"m
2 _ 136 0R\~_
P 054

PROBLEM #.18: 5

Photonrof 12.1 eV absorbed by a hydrogen atom, originally in the ground stateA
raises the atom to an exited state. What is the quantum number of this state? (2013)

(¢) Since ground state of Hydrogen
: atom is 2, therefore it is Balmer
series.

DATA: , 12.1 =E - 13.6
CAE=12.1eV E=-L5ev
ne= 1 _-136
n.f:f) =V
1 - ni . .
SOLUTION: Flsev=11384y
© —13.6eV ni
Ef=07—7F— 213,
nr n T
s
~13.6eV
Ef=—%z§g— 2 =9
Er=—13.6eV n, =3

AE=E,—E,
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Find the wavelength of the first three spectral lines in the Lyman_series of

Hydrogen atom.

DATA:
ng= 1

(1) For 1* spectral line
)\.1 = r)

(2) For 2™ spectral line
n= .

7\49_:?

(3) For 3" spectral line _

SOLUTION:
Tl
L n o

1 )
0] 1_1097x10(——~J

1

PROBLEM # 18.7

—1—=8.2275x10“
A

A =1215x107

 OR =121.5nm|

(i) —=1.097x10" ———
(&) A, cAr 3-)
L =9.75x 10°

V k' . .
. A =1.025x 10'm
. OR , =102.5 nm
' 1 ER
i) —=1.097x10"| ——=—
(i) A, (1 41)
—1-=10.28xlo6
)\, .
_ .x3 —972x10 m
OR

In an experiment the excitation potential of Hydrogen atom are found 10 21V
and 12.10 V, three spectral.lines are emitted. Fmd their wave lengths. s

DATA:
() vV, =12.00-10.21 =

(il) Va=1021 V, A, =2
(i) V3 = 12.10 V, hy= ?

SOLUTION:
A o= E
eV
o 6.63x10™x3x10°
W M= 3 X _I9x3x10
- 1.6x10"x1.9
M=6.54x10"m
OR .

1.9V, A, =2

(m‘j

OR

(ii)

"OR

6.63x107* x3x10°

A‘ —
27 T16x10" x10.21

o A,=1218x10"m’

 h=121.8nm

L 6.63x10™ x3x10°
3

16x107x1210

A =1.027x107m
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PROBLEM # 18.8 . :
What minimum energy is needed in an X-ray tube in order to produce X- rays
with a wavelpngth of 0.1 x 107" m?

' DATA:
' X?O.IXIO'IOm
E=7
SOLUTION:
E B hc
A

_ 6.63x10™x3x10"
-0.1x10™ x1.6x10™"

|g 124312.5 e\ﬂ

’PROBLEM # 18 9 :

A certain atom emlts spectral lines at 300 nm; 400 nm and 1200 nm Assummg
that three energy levels are involved in the corresponding transmons calculate the -
quantum of energy emitted of each wavelength, ‘

,DATA Lt R . \

‘ )\.| 300 nm =300 x 10 m, ,E] =7
7\.2—400nm —400x10 m CEx=?
k3~ 1200 nm— l200x 107 m E3— ?

sownou-- e

_ 6.63% 107 x3x10°
“300x10° x1.6x10™°

o 663x10™%3x10°
400 10° X1.6x10”

- 6.’63x10-"x3x10"v
1200x10"9x1.6x10"°‘ L

E; = 1.036 eV] .

3:
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PROBLEM # 18.10 ‘ '
Calculate the energy of photons whose frequencles are:
i vi=4x 10 Hz
(i) v,=20GHz
(iii) v; = 30 MHz
(a) Express your answer in electron Volt.
. (b) Describe the correspondmg wavelengths of the Photons described above.
DATA: ’
(a) (@ui=4x 10¥HZE =7
(i) v2=20 G Hz=20x 10° Hz, E;=?
(i) L3 = 30 MHz = 30 x 10° Hz, E5 = ?
® O M=?
(i) A2 =7
(iii) A3 =?

SOLUTION: | A Y
(a) E=hvu
() E, = 6.63x10™ le;xlO
1.6x10
[E = 11.6575 eV]

6.63x10™ x 20x 10"
—
(i) Ez 1.6x10"

[E.= 829 x 107 ey]

- 6.63x107°x30x10°
1.6x107"

[E, =1.24 <107 eV|

(iii) B3 =

b) A=~
v .
8 .
@) A =43x___118‘4 =75x10"m
: X
’1‘_‘75011
- 3x10°
ii) Ay =
Rk
,=0.015 m
3x10°
iii) As =
() As = Sox10°
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| 18.10 SOLVED NUMERICALS OF PAPERS:
! .

) YEAR 2013

Q-2(v) (Seli Test): Hydrogen atem in the ground state excited by absorbing a
photon ot i2.15¢V. Find the quantum number of this state.
(Similar to Q No. 18.5 of Book}

Answer

YEAR 2012
Q.2(xi) (Self Test): Find the value of the shortest and the longest wavelength of
emitted photons in hydrogen spectra in Balmer series (R, = 1.097 x 10”/m) "

Answer ﬁmin =3.646 x 10~ nT] [xmax =6.563 x 10"7m7
= 364.6nm = 656.3nm
YEAR 2011

Q.2(xi) Calculate the energy of longest wavelength radiation emitted in the paschen
series in Hydrogen atom spectra :
(Ry=1.0968 x 10'm™, h = 6.63 x 107 Jsec, ¢ = 3 x 10° m/s)

DATA:

ng= 3 (For Paschen series).

n; = 4 (For Longest wavelength)
Ry =1.0968 x 10'm™!
h=6.63x 107 Jsec
c=3x 10%m/sec

E=2
SOLUTION: Now |
- "E=hv
et Oor E=-
1 1 A
_ 7 (DAY ' .
7 L09esxl0 (32 42J g - 6:63x107x3x10"
: ' 1.876x10°*
1 _1o96gx107(1-L ' '
AN 9 16 [E'=1.0608 x 10 Joulé]
L 1'0068x10°(0.1111-0.0625) |Or E = 1:0608x107
5 OPeBIO (01T -0.062) 1.6x10"
%=1.096‘8x107(0.0486) : E =0.663 ev]
-}%:()5.33045“05
1 1
A 05.33045x10°
A=1.876x10°m --mx (1)
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YEAR 2010

Q.2(x)Find the shortest wavelengih of photen emitted in the Balmer series and
determine its energy in ev {(Ry = 1.097 x _107/m)

DATA:
ng =2 (For Balmer Series)
n; = o (For Shortest Wavelength)
(@ A=? ’
SULUTION:
Ry =1.097x 10"/m
Using

1l
)

e}
TN
B

k
B
N——

|
=
jos}
TN
e
j
R |~
N

~1.097x107 (1—0)
7

=1.097x10"x0.25

t

2.7425x10°

R s L Y L N Ny
.

PR
A 2.7425x10°

. = 36463 x 107 m|
Or 1=36463x10"m

f = 364.63m]
As E=hv -
E'_E=6.63X10*343x108 R
A 3.6463x107
E=545%x""] _
Or _ 5345x10x*19ev
1.6x107"°
E = 3.406ev
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'YEAR 2008

Q.8(d)Calculate the longest and the shortest wavelengihis of em‘tted photons m
hydroapgen specira in Balwner series where #, = 1697 x 10" m™

DATA:
ny =2
Re=1.097x 10" m™
@ A =7?
(b) A'min =7
SULUTION:

As we know that

1pfl 1
A n. n)
FOR LONGEST WAVELENGTH
n= 3
1 | 11
ﬂl’nax = 1097 X 107 ('f;*a‘;)
1

=1.097 x 107 l—lJ | :
i 49 | |

L 1.007x 107(0.25-0.1111)

(H

(D)=

-,1—=1.5237x106
Anax _
1
1.5237x10°
Pmax = 6.5673 x 10| [. 10 m = nm]

OR [ = 656.73 ui]

FOR LONGEST WAVELENGTH

‘max

o ' 11
S " =10 7 L
M= " 1,097 x 10 (22 oc]

1 S ) 1 .

——=1.097x10"| — -0

’Q‘min -x (4 )
1

——=1097x10"(0.25)
L 2425 10°

j“min ..—-1__5
: 2.7425x10

Pmin = 3.64631 x 10~ m)
OR ]&,,.,,‘ = 364.631 nml
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YEAR 2007

Q.7(d) Calculate the Binding Energy of a Hydrogen atom.
‘Given that m = 9.11 x 10 kg, e = 1.6 x 107 coul.
€, = 8.85 % 1077 ¢/Nm? h = 6.63 x10™ J sec.
DATA: |
‘n=1"
En=7?
SOLUTION:

~As we know that

1 me*
E =——| ————
" n2(327r2 e hzj

m=9.11x10""kg
e =1.6x 107" coul.
@ =3.1415

€= 8.85 x 10™% ¢/Nm’
'h=6.63x10™Jsec -

A= _1.05x10™Isec
AZr[

g oo 911107 x(1.6x107")* ,
" (1)?] 32(3.1415)%(8.85x1077)7 (1.05x107)? |

[Ea=—218937x 10" Jould

but
1.6x10°T=1ev

_ —2.18732x107"
1.6x107"°

= En
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YEAR 2005 | o
Q.7(d) In a Hydrogen atom an electron experiences transition from a state
. whose binding energy 0.54 ev to the state whose excitation energy is 10.2ev
(Ry = 1.097 x 10" m™") calculate ' ' ~
(i) The quantum numbers of two states.
(i) The wavelength of the photon emitted.
DATA: | ' |
Binding Energy = E, = E; = - 0.54ev
Excitation Energy = AE =10.2ev
a)  Quantum Numbers = ? '
' n=n=7 n}=p=‘?
b)  Wavelength=1="7

SOLUTION: : ’ b) For wave length
. _E 1_ I (1
=1 As —=R —_—RT
As 'En Iliz _ _ | X H[n; k)
Bur o l:1.097x107(37—i2]
Ei=—f0.54ev A ) n- 5
and E,=-13.6ev %=1.097X10,G__21_5)
- Ot54=+112.6 |
‘ L 097x107 (0.25-0.04)
L2 136 A _
054 L 1.007x107(0.21)
A
Now For Hydrogen A= S S
AE=E.—E 2.3037x10° ,
: =Ef— by : —
E;=AE+B, b= 4.3408 x 10'm = 434.08 x 10°m|
E;=102>13.6 ' OR Pp=434.08nm| =
Ef=<34ev - [-10°m = nm]
From (1)
_ E
E.=—L
f n?
h§=£:—13.6
E, -34
n§=4
nf=2
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YEAR 2004
Q.7(d) What minimum energy is required in an X — ray with a wavelength of
0.1 x 107"m (h = 6.63 x 107 J sec) .

DATA:
A=01x10"m
h=6.63x107*J sec
" minimum energy =E =7 '

SOLUTION:
As we know that
E=hv
-
E= p—c— L U= —C—}
A A

but C=3x 10°msec
6.63x10x 3 x10°

E= '
0.1x107"° ’

[E =1.989 x 107" Jj
but 1.6x107°J=lev

_1.989x107*

T 1.6x107°

[E=1.243 x 10°ev|

YEAR 2003.P.E.

An electron in the/Hydrogen atom experiences a transition form n=2
energy state to the.ground state (correspondmg to n=1), find the wavelength
in the ultraviolet region. (Ry =1. 097x107m ).

DATA; : ~ |SOLUTION:
n =2 . , —I——R[i' IJ
= . SRy T 7T T2
ne=1 | * \ni nf
Ca=? -
L= 109710° i—i |
) P2

1
'—=1.0_97x10’x3
A 4

1
—=822
o =8227500
A=121.5X10"m.

or [ Tiisam]
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YEAR 2002.PM
What is the wave length of light capable of ionizing a hydrogen atom? -
What energy in electron volt is needed to ionize it.
Given h=6.63x10™* J.S ¢ = 3x10°m/s, Ryy = 1.097x10"/m.

DATA: 1. 1.097x107(-17—<—]—,—j
ny=o’ X | S
ne=1 110970107
A=? A

" EineV=? =91.15 nm
SOLUTION: g he
A
I g [_‘__ 1 ] 6.63x107 x3x10°
P 2 - = s 1o
n. n 91.15x10°x1.6x107"
YEAR 2000.

. . . : }
. What is the wave length of the radiation -that is emitted when Hydrogen
atom undergoes a transition fromn=3ton=2.(Ry = 1.97x10"/m).

DATA: | SOLUTION:
n=3 1 11
o Lot
" Kz? - ni' ‘ni
l=1.097x10’(—17——1,—)
A 20 3

—1-=1.097xl»07x0.l4
A o
). = 656.3 nm|

YEAR 1997.

The eriergy of an electron in an excited Hydrogen atom is 3.4ev. Calculate
the “angular momentum of the electron according to Bhor’s theory.

(h=6.63x10"*J-sec).

DATA: s ‘ 2 —13.6eV
' "E;=-3.4eV =13 4ev
_ L=2? n =2
SOLUTION: 1 L=nh ‘
' g o o13.6eV oo
T L =2.11x10™* Jec/
2x6.63x10x **
n,2 = _1;66\/ o 2x3.14
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Find the wave length of light which is capable of ionizing a Hydrogen atom.

R=1.097x10/m.

- DATA:
n, = o
Dy = 1
Y - 2
YEAR 1993.

SOLUTION:

1 1)
F=mlra)

1 1.097x107[—17— I,J
A : [
%:1.097){10%1-‘0)

)l =1.097x 10’

The energy of the lowest level of Hydrogen atom is-13.6eV. Calculate the
energy of the emltred photons on transmon from n—4 to n=2. ‘

DATA: |
. E=-136ev

ni’=4‘

: YEAR 1990.

SOLUTION'
AE=E;~-Er - R
-13.6ev ( 13. 6ev)

2

n.

'AE:—13.26€v_13.6wev '
4 27

© AE =
nf

A blood. corpuscle has a diameter about 9x10° m. in which excnted orbit
should: a hydrogen atom be, so that lt is _|ust about as blg as, the blood

‘ corpuscle"‘ (ry=0. 51°A)
‘ DATA. J
' d=9x10"m

C n=053A°

OR 1,=0.53x10""m

n=7

S_Ql.UTION: )
d o
rn =
.2
9x10°
’ 2
_ .rné4‘5x106m
As rn=“n2r1_ e
5y -6
OR ‘n2____n_= 4-~X].Q_'_
r, 053x10™"

| approx.



