Problem Set 9

Solutions
7-2
(a)
To the left of the step the particle is free with kinetic energy E and corresponding wavenumber 
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To the right of the step the kinetic energy is reduced to 
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 and the wavenumber is now 
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with 
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 for waves incident on the step from the left. At 
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 must be continuous: 
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(b)
Eliminating C gives 
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(c)
As 
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 (no transmission), in agreement with the result for any energy 
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. For 
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 (perfect transmission) suggesting correctly that very energetic particles do not see the step and so are unaffected by it.

7-11
(a)
The matter wave reflected from the trailing edge of the well 
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 must travel the extra distance 2L before combining with the wave reflected from the leading edge 
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, these two waves interfere destructively since the latter suffers a phase shift of 180° upon reflection, as discussed in Example 7.3.

(b)
The wave functions in all three regions are free particle plane waves. In regions 1 and 3 where 
[image: image29.wmf](

)

=

UxU

 we have


[image: image30.wmf](

)

(

)

(

)

ww

¢¢

---

Y=+

,

ikxtikxt

xtAeBe




[image: image31.wmf]<

0

x



[image: image32.wmf](

)

(

)

(

)

ww

¢¢

---

Y=+

,

ikxtikxt

xtFeGe




[image: image33.wmf]<

0

x



with 
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. In this case 
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 since the particle is incident from the left. In region 2 where 
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with 
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 for the case of interest. The wave function and its slope are continuous everywhere, and in particular at the well edges 
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For 
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 and the last two requirements can be combined to give 
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. Substituting this into the second requirement implies 
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, which is consistent with the first requirement only if 
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, i.e., no reflected wave in region 1.

7-17
The collision frequency f is the reciprocal of the transit time for the alpha particle crossing the nucleus, or 
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, where v is the speed of the alpha. Now v is found from the kinetic energy which, inside the nucleus, is not the total energy E but the difference 
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 between the total energy and the potential energy representing the bottom of the nuclear well. At the nuclear radius 
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From this we conclude that 
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 to give a nuclear barrier of 
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 overall. Thus an alpha with 
[image: image61.wmf]=

4.05 MeV

E

has kinetic energy 
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 inside the nucleus. Since the alpha particle has the combined mass of 2 protons and 2 neutrons, or about 
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Thus, we find for the collision frequency 
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