HWH#4 Solutions

Q1L

Since the atom recoils in the process of emission of the photon, it will posses kinetic
energy after the emission. Conservation of the energy requires that the energy of the
transition has to be equal to total energy of the systeerggmf the photon plus kinetic
energy of recoiled atom) after the emission. Since the kinetic energy of the atom is
greater than zero, it is clear that the energy of the photon has to be less than the difference
between the initial and final energy levalghen the hydrogen atom recoils it has kinetic
energy KEydrogen From the conservation of energy we can write:

Ef'Ei:Ephoton‘|'KEhydrogen

Where E-E; is the difference in energy between the two hydrogen energy levels involved
in the emission process angndm—hv is the energy of the photon. Hencgnden IS
smaller than EE;.

Q21

No. The fine structure constant involves e, h, c andf we take e, h and c alone then
they cannot be combined to make a dimensionless number. If we inglind the aly

way to produce a dimensionless number is to combine them in as they are in the fine
structure constant (or powers of that).
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Hence we are justified in ignoring the gravitational force.
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The energy required E) to move an electron from energy levéd f is / E=E-E;, where
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From eqns. €2, k: =0 *
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since Z=1, our atom is hydrogen avid=m, = 938. 3meV/¢
m =m, = 105.7 meV/¢ (from table 171, p.650)
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#m, +m %f},n 1

R(m=m)= R(m m) = " WK&TZR(%)

z! &
057+9383 Slle 1cm 49) 10 cm=49 &
938.3 105 109,737

P35
Conservation of energy:
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E=49ev=785x18) »=C=3810 /s 1£\ =1.183810° Hz
#  2536R 10

If E=h" thenh:E

E =6.636#10°* Js Reasonable agreement with established value.
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a) From Eqn. 4.9, =— =R,Z* —$—2$s
&. f nl )
For H, (Balmer) ;= 2,n; =3 (and Z=1 of course)
% 1( g 1 ¢
For HE (Z= 2)—(He) R, 2% = —¥ R, $ .
&n; nz) &(nf/Z)z (ni/z)z)

#
— + = bl =% L ! :
2. (H) =A(He) & s o 2

Most obvious Hé states that satisfy this relation are= 4, n, = 6.

b) Accounting for the reduced mass and using equatiity 4
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(from fig. 410)



