6-43. (a) Forx>0, B°kZ/2m+V, = E = 1*k> [ 2m = 2V,
So, k, = (2mV0)1/2/h. Because &, = (4mVO)”2/h, then k, = k1/\/§

) R=(k-k)/(k+k) (Equation 6-68)

= (1 - 1/\/55/(1 + llx/ij =0.0294, or 2.94% of the incident particles

are
reflected.
(c) T=1-R=1-0.0294=0.971
(d) 97.1% of the particles, or 0.971x10° =9.71x10°, continue past the step in
the +x
direction. Classically, 100% would continue on.

6-44. (a) Forx >0, Bk2/2m~V, = E = k> | 2m = 2V,
So, k, = (6mV,)"* [n. Because k, = (4m¥,)"* /h, then k, =312k,
®) R=(k-k)/(k+k)
R=(k -k, /(k+k, Y =(1—Mf/(1+@j ~0.0102

Or 1.02% are reflected at x = 0.
(©) T=1-R=1-0.0102 = 0.99
(d) 99% of the particles, or 0.99x10° =9.9x10°, continue in the +x direction.

Classically, 100% would continue on.

E=dely sev-v,  =y2m(V,~E)h

0.6 nm=a

and aa = 0.6nmx11.46nm™" = 6.87



Since aa isnot [1 1, use Equation 6-75:

The transmitted fraction

-1 _1

- [1 + (%)sinhz (6.87)]

sinh? aa
“aEW)1-E,)

Recall that sinhx = (e" -e™ )/2,
81 66.87 _ 6—6.87
it . -
80 ( 2 )

(b) Noting that the size of T'is controlled by aa through the sinh’> aa and

T=|1

2—1

T = =4.3x107° is the transmitted

fraction.

increasing T’
implies increasing £. Trying a few values, selecting £ = 4.5¢V yields
T=8.7x10"°

or approximately twice the value in part (a).

6-48. Using Equation 6-76,

T = 16£(1 —E)e‘z‘” where E = 2.0eV, V, = 6.5¢V, and a = 0.5nm.
0 0
2. 2.0\ _
T =16(22)(1-29) 200509 _ 6 510 (Equation  6-75  yields
6.5 6.5
T=66x107))

k —k)
6-49. R = M and 7=1-R (Equations 6-68 and 6-70)

2

(k +k,)

(a) For protons:

k =2mc’E | he = \[2(938MeV )(40MeV )1197.3MeV fin = 1.388

k, = \J2me* (E -V, )/ e = \[2(938MeV )(10MeV )/197.3MeV Ifin = 0.694



o [1:388-0.694\" (0.694
1.388+0.694 )  {2.082

2
) =0.111 And 7 =1-R=0.889

(b) For electrons:

1/2 1/2
k, =1.388 0511 = _ 0.0324 k, =0.694 051 0.0162
938 938

R (0.0324 -0.0162

2
=0.111 And T =1-R =0.889
0.0324+0.0162)

No, the mass of the particle is not a factor. (We might have noticed that Jm
could

be canceled from each term.)

6-54. (a) The requirement is that y” (x) =1 > (-x)=1 (=x )y (-x). This can only be
true if:

W (=x)=y (x) or y(-x)=-y(x).

2,

dy 2mE

(b) Writing the Schrédinger equation in the form = =— e
X

1, the general

solutions

of this 2™ order differential equation are:

y (x)=Asinkx and y (x )= Acos kx

where k =+2mE / h. Because the boundaries of the box are at x = +L /2,

both

solutions are allowed (unlike the treatment in the text where one boundary
was at

x =0). Still, the solutions are all zero at x = =1 /2 provided that an integral
number

of half wavelengths fit between x = =L /2 and x = +L/2. This will occur
for:

Y, (x)= (2/L)”2 cosnmx/L whenn =1,3,5,---. And for

Y, (x)= (2/L)”2 sinnax/L whenn =2,4,6,---.



The solutions are alternately even and odd.

(c) The allowed energies are: E = h’k* /2m =’ (mrL2 )/ 2m=n"h*>/8mlL’.

6-55. 1, = de™™'*"

dwo 2 —x2121* dl/)o
a) —9 = (=x/1?)4e™* dy =L
(@ — (-x/1?)4e and y, = L=

= L(~x/1*)4e™ " = (~x/ L)y,

So, ‘Z’”l = (/LY - (x/L)dyp, ] dx
X

2
And % =—(1/L)dy,/dx~(1/L)dy,/dx~(x/L)d,/dx’
X

=(2x/ L0 Yo+ (x/ L W, +(X° 10 W,
(1L Y+ (12 Jpg+ (212 Yo

Recalling from Problem 6-3 that V' (x) = 7°x” / 2mL", the Schrodinger

equation
becomes (—h2 /2m)(3m/L3 +x /D )zpo + (hzx3 12mD )tpo = E(-x/L)yp, or,
simplifying: (—3hzx/2mL3 )l/)o = E(-x/L)p,. Thus, choosing E
appropriately

will make v, a solution.
(b) We see from (a) that E = 3k”/2mlL’, or three times the ground state energy.
(c) vy, plotted looks as below. The single node indicates that v, is the first

excited state.

(The energy value in [b] would also tell us that.)




in ﬂLxdx Letting u = nwx/ L, du = (nfr/L)dx
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6-58. (a) For W(x,t)= Asin(kx - ot)

2
CZT = —k*W and % = -wACO0S (kx - wt) so the Schrédinger equation
x
becomes:

2712
—hz—kAsin(kx—a)t)+V(x)Asin(kx—wt)= _ihwcos (fx - )
m

Because the sin and cos are not proportional, this W cannot be a solution.
Similarly,

for W (x,t) = ACcos (kx -t ), there are no solutions.

(b) For W (x,t) =4 [COS (lcx - a)t)+ isin (lcx -t )] = Aei(kx"”'), we have that

2

62? = -k°W and % = —iowW. And the Schrodinger equation becomes:
x
'k’

4 V(x)‘lI = —hoW® for how = Wk 12m+V.

2m



