Homework #8, problem 3, 16 in chapter 7 and 1, 3, 4 in chapter 8
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With E =25 MeV and U =20 MeV, the ratio of wavenumber is

12 12 V510
k—l = ( E ) = ( % ) =+/5 =2.236.. Then from Problem 7-2 R = % =0.146 and
k, \E-U 25-20 (J§+1)

T =1-R=0.854. Thus, 14.6% of the incoming particles would be reflected and 85.4% would be
transmitted. For electrons with the same energy, the transparency and reflectivity of the step are

unchanged.

Since the alpha particle has the combined mass of 2 protons and 2 neutrons, or about
3755.8 MeV/ ¢*, the first approximation to the decay length & is

5~ h _ 197.3 MeV fm/c
@mU)"?  [2(3755.8 MeV/c?)(30 MeV)]

77 =04156 fm.

This gives an effective width for the (infinite) well of R+ =9.415 6 fm, and a ground state energy
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7%(197.3 MeV fm/c)*
2(3755.8 MeV/c?)(9.415 6 fm)’

and a new decay length

=0.577 MeV . From this E we calculate U — E =29.42 MeV

E1:

5 197.3 MeV fm/c =04197 fm.

[2(3755.8 MeV/c?)(29.42 MeV) |

This, in turn, increases the effective well width to 9.419 7 fm and lowers the ground state energy
to E; =0.576 MeV . Since our estimate for E has changed by only 0.001 MeV, we may be content

with this value. With a kinetic energy of E,, the alpha particle in the ground state has speed

o = (& )1/2 _| _2(0.576 MeV)
' (3755.8 MeV/c>

4.05 MeV, the alpha particle must have been preformed in an excited state of the nuclear well, not
the ground state.

2
P (Y (m) (1)
2m |\L,) "L, ) L

/
)} =0.017 5c . In order to be ejected with a kinetic energy of
m

2 2
L,=L,L,=L,=2L.Let Zm—ﬂLz =E,.Then E=E, (47112 +115 +n§) . Choose the quantum numbers
as follows:
n n n E
1 2 3 =N
E
1 1 1 6 ground state
1 2 1 9 *  first two excited states
1 1 2 9 *
2 1 1 18
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1 2 2 12 *  next excited state

2 1 2 21

2 2 1 21

2 2 2 24

1 1 3 14 *  next two excited states
1 3 1 14 *

Therefore the first 6 states are w11, W11, Wi12, Wi, Vi3, and w5, with relative energies

E£ =6,9,9,12, 14, 14. First and third excited states are doubly degenerate.

0

n* =11
2 2 2 2
@)  E= h_ﬂ2 w2 =1 h_”2
2mL 2\ mL
(b) o Ny 13
1 1 3
1 3 1 3-fold degenerate
3 1 1

(c) W13 = Asin (Tx) sin (”—Ly) sin (3LLZ)
W13 = Asin (ﬂTx) sin( 37£y j sin (%)

3
W3 = Asin( Zx]sin(ﬂ—Lyj sin(%)

(a) v (x, y) =y (0)y, (y). In the two-dimensional case, y = A(sink;x)(sink,y) where

klznl—” and k, Ly
L L

o p i)
- oml?
22
If welet E, = g then the energy levels are:
m

m 1, E
o
1 1 1 N Vi
1 2 5 - Y12
2 :| doubly degenerate
2 1 5 - Vo
2
2 2 4 - Voo







