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(a)

The absorbed photon must have an energy that is equal to the difference
between the energies of the two levels n = 3 and n = 2. So

Ep

E-E
Substitute for E3 and E from Equation (2):

{ (13.6@')(1)’}
- |- @sgar
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(b)
The wavelength of the emitted photon is found from Equation (1)

e
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(c)
The frequency of the emitted photon is related to its wavelength as follows
c
=3
_ 2008 x 10%
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1 Concepts and Principles

Bohr Model: Bolr postulated that:

1. Electrons occupy only certain nonradiating, stable, cireular orbits selected
by quantization of the angular momentum L.
nh .
L=mur =5l =nh, for integer n
2. Radiation of frequency f (wavelength A) occurs when the electron jumps
from an allowed orbit E; to one of lower energy Ey. f (or A) is given by the
frequency condition

AE=hf

)

- Atomic Spectra: The empirical equation that computes the correct
wavelengths of observed spectral lines

) n>m @

where m and n are integers. The Rydberg constant, R, is the same for all
series and has the value R = 109737 x 107 m~". Note that for a given
series, m has a constant value. Also, for a given series n = m +1,m +2,
Lyman series corresponds to m = 1, Balmer series corresponds to m = 2,
Paschen series corresponds to m = 3, Brackett series corresponds to m = 4,
and Pfund series corresponds to m = 5.
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2 Given Data

- The electron is initially in the n = 3 state to the n = 1 ground state

The atom consists of one electron and has a ma:
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3 Required Data

- In part (a), we are asked to show that the recoil speed of the atom after
ShR

emitting the photon is given by: v = 3

- In part (b), we are asked to caleulate the percext of the transition energy
that is carried off by the recoiling atom if the atom is deuterium.
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(a)

Applying the consersation of energy principle to the atom and the emitted
photon, we sce that part of the energy difference between the states n = 3
and n = 1 goes to the photon Epieton and the other part goes into the recol
kinetic energy Kuom of the atom, so,

AB31 = Ephoton + Katom = Ephoton + 5 e (3)
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The total initial momentum of the atom and the photon is zero. After
the decay, the photon has a momentum h/A, therefore, to conserve the
momentum, the atom must have a momentum Mv of the same magnitude
in the opposite direction, so,

Mu=

Substitute for 41/A from Equation (1):

Mo = oot

Solve for E,

photon

(4)
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Substitute for Eppopon from Equation (4) into Equation (3):

1
AEy = Mue+ 500

Multiply by 2 and divide by M:

B g e

M
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This equation Is solved for v using the quadratic formula:

[ 20E;
N G =

Since (2E/M¢?)? < 1, we can use the binomial theorem: (1 + z)" = 1+

nx
AE;
31 )}

r o fore= 2E/Mc%. So
AEy
Me

—2e—

We neglect the second solution. So
AEy

v

Substitute for A from Equation (1):
he _h
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(b)

the percent of the transition energy that is carried off by a recoiling deuterium
atom is:

Substitute numerical values:

(4)(6.626 x 10-34 J - 5)(1.09737 x 107 m~’
(2% 1.67 x 10-% kg)(3.00 x 105 m/3)

73

J}(wo’/«]

39 10
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1 Concepts and Principles

Bohr Model: Bolr postulated that:

1. Electrons occupy only certain nonradiating, stable, cireular orbits selected
by quantization of the angular momentum L.

L=mur= % =nh, for integer n )

2. Radiation of frequency f (wavelength A) oceurs when the electron jumps
from an allowed orbit E; to one of lower energy Ey. f (or A) is given by the
frequency condition

E:h_/:h§:£,—£, 2)

The quantization of the orbit radii lead to energy quantization. The allowed
energy lovels are
kZ% (1 ®
20 \i?

Using Bolr's postulates, we find the radii of quantized orbits for a single
electron orbiting a nucleus with charge +Ze, given by

ra="g “)

where n is an integer and a,
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(a)
The frequency of revolution for the electronis related to ts speed and radius
of orbit s follows

"
Znr,

(5)

Using the angular momentum quantization condition from Equation (1), we
obtain:

M, vt = nh

Solve for v,:

nh

Un =

(6)

leTn
Substitute for v, from Equation (6) into Equation (5):

o
= Zamar?

e

Substitute for r, from Equation (4):

where ag = 12 fmeke?, so
nhz?

—
ot ()

_ mek?Z2t ( 1 )

2\

fe=
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(b)
The frequency of the photon emitted when an electron jumps from an outer

to an inner orbit is found from Equation (2):

_5
Foon = 5

Substitute for E; and Ef from Equation (3):

kZ%2 (1 N Kz (1
200 \n? 200 \n?
Foben = ;

k22 (1 1
T a0k \nF T2

This is the first part of the question. In the next part, we convert the h to
h, substitute for ag, and manipulate the factor inside the parenthesis

_hzie (1L
Jovoton = 3052ty [

where ag = h? /m.ke?, so

Johoton

2 |:(n(+n”(n(7n”:|

g

m iy )
T (ni —ny)

is the second part of the question.
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For an electronic transition between adjacent orbits, n; —ny =1, so

me ket Z? <n. +nl)

Joteren = o0 Dl
We need to show that, using the fact that n; > ny
1 _mitny

1
3 202 s
WS e S

Let’s start with 1/n?, using n; = ny + 1:
1 1 - 1
nd " (g +17 " nj

Thus we have shown that 1/n? is less than 1/n%
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Again by using n; = ny + 1, we obtain

motng omptleng g+l
2087 2+ )P 2ng+ )%
241 nitng

It is loss than 1/n, then, - by is also less than 1/nf, which

Aoy + 122
s our objective. Therefore, we check to see if that's the case:

2ns+1 1
Ty £ 152
Aoy + 122

Multiply both sides by n3:
2
ol 1
A+ 12wy
203 +ng =2(ng +1)°

2% +ny < 2F +4ng+2

ng <dng+2

ni +ny

g
it

which is true, therefore, we have shown that

is also less than 1/n.

Now we can see that:
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(c)
We found that the frequency of the electron is given by

_ mok?Z%4 (1
= ol

. the frequency of the photon is given by

2mh®

»
Joa = 2202 <"' *"’) (ni=ny)

TE
It

and we have verified that:
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From these three equations, we see that, for n; —ny = 1, the irequency of

the emitted photon obeys the condition:

Feii < fonoron < fey

where f,; and f, ; is the initinl and final orbital frequencies.

For ng = n; — 1, the frequency of the photon can be written as
i _ omek®t 22 [+ (ni— 1)
photon = Tk | 202 — 1)?
k%t Z2 [ 2n;—1
e | 2n3(n; — 12

As n; = oc, we can neglect the ones subtracted from 2n; and n; to obtain
P mok2eiz2 [ 2n;
photon, 2008 | 2n3(n:)?
_mkeiz? (1
o nd
Hence, we see that, as n; — oo, the photon frequency approaches the initial
electron orbital frequency.
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1 Concepts and Principles

Atomic Spectra: The empirical equation that computes the correct wavelengths
of observed spectral lines is:

n>m *)

where m and n are integers. The Rydberg constant, R, is the same for all
series and has the value R = 1.0973 x 107 m~!. Note that for a given series,
m has a constant value. Also, for a given series n = m +1,m+2,.... Lyman
series corresponds to m = 1, Balmer series corresponds to m = 2, Paschen
series corresponds to m = 3, Brackett series corresponds to m = 4, and
Pfund series corresponds to m — 5.
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2  Required Data

We are asked to caleulate the wavelengths of the first three lines in the
Balmer series for hydrogen.
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3 Solution

Balmer series corresponds to m = 2 and n = 3,4,5,

1 1 1
A,,’P( ’vTZ)

Therefore, the first three lines in the Balmer series for hydrogen are:

. in Equation (*):

_in %

= NS S T e

16
= 3(1.09737 x 107 m-

=486 nm

_ 100
T 2I(1.09737 x 107 m
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1 Concepts and Principles

Bohr Model: Bolr postulated that:

1. Electrons occupy only certain nonradiating, stable, cireular orbits selected
by quantization of the angular momentum L.
nh .
L=mur =5l =nh, for integer n
2. Radiation of frequency f (wavelength A) oceurs when the electron jumps
from an allowed orbit E; to one of lower energy Ey. f (or A) is given by the
frequency condition

hf

c
— =E; - E, 1
f-E-k 0
The quantization of the orbit radii lead to energy quantization. The allowed
energy levels are

a3 eczv)z? e

.
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2 Given Data

- The hydrogen atom undergoes an electronic transition from the state n = 3
to the state n = 2
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3 Required Data

- In part (a), we are asked to determine the energy of the emitted photon.

In part (b), we are asked to determine the wavelength of the emitted
photon.

_In part (c), we are asked to determine the frequency of the emitted photon.




