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Energy Levels of the Hydrogen Atom
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EXAMPLE 40.7 The Balmer Series for Hydrogen

The Balmer scries for the hydrogen atom corresponds to The energy of this photon is
electronic transitions that terminate in the state of quantum he
number n = 2, as shown in Figure 40.19. (a) Find the long- Ephgmn = hf= i
est-wavelength photon emitted in this series and determine max
its energy. _ (6,626 X 10731 J-5)(3.00 X 108 m/’s)
N 656.3 X 10~ m
n E(eV)
w0 ——0.00 =3.03 X 10719] = “
%‘ We could also obtain the energy by using the expression
3 hf = Ey — E,, where Ey and E; can be calculated from Equa-

tion 40.26. Note that this is the lowest-energy photon in this
series because it involves the smallest energy change.

re

-3.40

LE2iuls (b) Find the shortestwavelength photon emitted in the
series

Balmer series.
FIGURE 40.19 (Example 40.8) Transitions responsible for | .
Balmer series for the hydrogen atom. All transitions in this [ hclhotest length photon in the Balmer
series terminate at the 7 = 2 level. series is emitted when the electron makes a transition from
n = o ton= 2 Therefore,

Solution The longest-wavclength photon in the Balmer

series results from the transition from n = 3 to n = 2. Using S = H(% = l) = By
Equation 40.30 gives Amin 22w 4
i 11 P S S
o Ry ? - o ™t Ry 1097 X 10°7m~t -
1 A ( T ) 5 2 This wuve}]eng[hAis in the uitraviolet region and corresponds
Ao N\ 5273 36 H to the series limit.

36 36

e - Exercise Find the energy of the shortest-wavelength photon
mx T ER, B(1.097 X 107 m- 1)

emitted in the Balmer series for hydrogen.

= 6563 m ": (red)

Answer 3.40eV.
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Worked example:

a) Calculate the angular momentum of the moon due to its orbital
momentum around the Earth. In your calculation use 3.84 x 108 m as
the average earth/moon distance, and 2.36 x 10° s as the period of the
moon in its orbit.

The velocity of the moon in its orbit is
v=2nr/T=2(3.142) (3.84 x 108 m) / 2.36 x 10% s
=1.02 x 10° m/s

So, L = mvr = (7.36 x 10 22 kg)(1.02 x10 3 m/s)(3.84 x 108 m)
=2.89 x10 3* kg - m? /s

Dir. Abdallah M. Azzeer Page 15

Worked example:

b) Determine the corresponding quantum number if the moon’s angular
momentum is given by the Bohr postulate mvr = nh/2x

We have L = mvr = nh/2n
Therefore n=2nL/h =27 (2.89 x10 3 kg - m? /s) / 6.62 x 1034
n =2.74 x 1098

Dir. Abdallah M. Azzeer Pane 18
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Worked example:

¢) By what fraction would the Earth/moon distance increase with a quantum
jump in orbit of n=1?

We have nh/2w = L = mvr,
We need to find an expression for r in terms of n:
From the above equation we have r = nh/2rmv so we need to determine v?

Since the moon is in a stable orbit then the gravitational force is equal to the
centripetal force

ieGM,M,, /12 = M, v?*/1 orv=[GM,/r ]*

Therefore r=nh/2nmv = nh/2nm [GM,/r ] %

which simplifiesto r=h?n?/(2nm)> GM, = Kn? (where K is a const)
Ar/r = [K@®m+1)2-K(@®?)]|/Kn?2 = 2n+1)/n? = 2/n for large n

Sincen =2.74 x 108 then Ar/r = 7.3 x 10

Dr. Abdallal M. Azzeer Page 17

Worked example:

Suppose the lifetime of the n=3 state of the H atom is t=10"1" s. How many
revolutions (N) does the electron makes around the proton before it goes into the

lower state?

0 0 4 Q 2 2
Solution: The time of a revolutionis 5 _ 27" _ 4w'mr”

v hn
r=n’a,=9a,=4.8x10""m

_ 4x(3.14)2 x9.1x1073 kg x (4.8x10710m)2

Now n=3 and T o =ax10715
3%6.6x10 7" Js
1 —10
N=2=108 55000
T 4x107s

It makes sense of talking of a quasi-stable orbit even for such a highly
unstable state.

Dir. Abdallah M. Azzeer Pane 18
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EXAMPLE 5.4 Calculate the Rydberg constant for ordinary hydrogen. Use this
value to determine the long- and short-wavelength limits of the Lyman (n, = 1) and
Balmer series.
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The Physics of Fluorescent Lamps

1. Free electrons (E) are
Introduced Into the tube,
lontzing the gas (A).

. An electrical current s passed

through the lonized gas;
electrons and jons move
quickly from one end of the
tube to the other.

. The energy of the slectrical

current changes the mercury

from a liquid to a gas {M).

continue =
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How Fluorescent Lamps Work

Electrode Mercury Phosphor Argon
Coating Gas

Press the
switch to turn
on the light
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