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



(1.388—0.694 )2

0.694
1.388 +0.694

2
=0.111 And 7 =1-R =0.889
2.082
(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
0.0324 +0.0162

2
) =0.111 And7=1-R=0.889

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

could
be canceled from each term.)
h2ﬂ,2 '
7-1. myn = 2mL2 (nl2 + l’l; + n32 ) (Equatlon 7-4)
h2ﬂ2 2 2 5 hZﬂ_Z
Ey= (404 P)=11E, where By =~

B = £ (22 +20 427 )= 12E, and E;, =E, (32 +2 41 )= 14E,

The 1%, 2™, 3™ and 5™ excited states are degenerate.

A
14 321
E 12 222
(XEO) 311

221

6 211

111




2
wat(nl n nl\ _ Ba’

7-2. E = Lp2 g =
mmi o (Lf L L§) 2mL;

2 2
(nf + %2 + %3) (Equation 7-5)

n, =n, =n, =1 is the lowest energy level.

i’

E, =E,(1+1/4+1/9)=1.361E, where E, = ——
111 0 0 0 2mLf

The next nine levels are, increasing order,



(Problem 7-2 continued)

n n, n, E (x E, )
1 1 2 1.694
1 2 1 2.111
1 1 3 2.250
1 2 2 2.444
1 2 3 3.000
1 1 4 3.028
1 3 1 3.360
1 3 2 3.472
1 2 4 3.778

73. (@ v,,., (xyz)=Acos nlzx sin nzzry sin nifz

(b) They are identical. The location of the coordinate origin does not affect the

energy
level structure.
. X . XY . TZ
7-4. X,9,z )= Asin—sin——sin—
Vi (v22) L 2L 3L
. . .2
¥ (6,3,2) = Asin ™~ sin Y sin ==

L 2L 3L

. TX . WY . TZ
X, ¥,z )= Asin—sin——sin—
QP121( Yy ) L L 3L
. X . mwy . 27mz

X, 9,z )= Asin—sin——sin
Vi (62:2) L, L 3L,

Yo, (x0,2)= Asin?sin;—ysinE

1 1 1



7-5.

22 2 2 2
na” | n n, n;

W’
En P _2+ 2 + 2 =
171113 2m [Ll (2Ll) (4L1)

2mlL}

2 2
PN from Equation 7-5
( 1 4 " 16 ( q )

2 2 22
E, = nf+n—2+n—3 where E,, = hnz
416 2l

(Problem 7-5 continued)

(a)
n, n, n, E (x E, )
1 1 1 1.313
1 1 2 1.500
1 1 3 1.813
1 2 1 2.063
1 1 4 2.250
1 2 2 2.250
1 2 3 2.563
1 1 5 2.813
1 2 4 3.000
1 1 6 3.500

(b) 1,1,4and 1,2,2

ey (1.055x 1070 ) 2

2= 5 =37.68eV
2mL” 2(9.11x10™ kg )(0.10x10”m ) (1.609x107°J / eV’

7-7.  E, =

E, -E, =AE=11E,-3E, =8E, =301leV
(Problem 7-7 continued)
E,,-E, =AE=12E,-3E, =9E, =339V



E, -E, =AE =14E, -3E, = 11E, = 415¢V

7-8.  (a) Adapting Equation 7-3 to two dimensions (i.e., setting k3 = 0), we have

. MITX . MY
1 2
Yy = Asin sin

2.2

(b) From Equation 7-5, E, , = ;lm—an(nf +1; )

2

(c) The lowest energy degenerate states have quantum numbers n; =1, n, = 2,
and n; =2,

I’l2:1.



