6-5.  (a) W(xt)= Asin(kc-wt)

% = ~wAcos (kx - wt)

ih% = —ihwAcos (kx - ot )

R Y .
= —k*A4sin(kx - wt
x (k- a)
2 2 2
9 lf _ Tk Asin(kx—wt)= ih—a\II
2m ox 2m ot

(b) W(x,)= Acos(kx - wt)+idsin (ke - wt)
ki . 2
ih— = ihwAsin (ke - ot )- i*hwAcos (kx - ot )
= hwAcos (kx — wt )+ ihw A sin (kx - wt )

W mkPA

_E ox* 2m

cos (kx - wt )+

2.72
h;];Asin(loc—wt)

272

[Acos (kx ~ )+ idsin (ks - ot )]

2m
2712
= ih%—lf if h2k = hw it does. (Equation 6-5 with V"= 0)
m

6-9.  (a) The ground state of an infinite well is E, = h*/8mL* = (hc )2 | 8mc’ L’

(1240MeVifim)
For m=m,, L=0.1nm: E = - =0.021eV
8(938.3x10%W )(0.1nm )
(1240MeVifin)
(b) Form=m, L=1fm: E = =205MeV

8(938.3x10%V )(1fin)

6-10. The ground state wave function is (n = 1) y, (x) =~2/L Sin(frx/ L) (Equation 6-
32)
The probability of finding the particle in Ax is approximately:



P(x)Ax = 2 sim (75 Ax = 22 gin2 [ 2X
L L L
(a) For
2(0.002L
X =§ and Ax = 0.002L, P(x)Ax = %sin (Zf) 0.004 sin’ 5 =0.004

) 2(0.002L) (mL)

(b) For x = 2£ and P (x)Ax = 0.004sin” 2~ = 0.0030
3 3

(¢) For x =L and P(x )Ax = 0.004sin’ 7 = 0

6-11. The second excited state wave function is (n = 3) v, (x) =+/2/Lsin (3er/L)

(Equation 6-32). The probability of finding the particle in Ax is approximately:
P(x)Ax = 2 sin? [ 7| Ax

L L
(a) For

X = % and Ax = 0.002L, P(x)Ax =

2(0.002L
(—) (3”L) 0.004sin? 37 = 0.004

(b) For x—% and P(x )Ax = 0.004sin’ (?LL) 0.004sin> 27 = 0

(¢) For x = L and P(x )Ax = 0.004sin’ (372 ) 0.004sin’ 37 = 0

— - (n2 +2n+ 1)

1/2 1/2
o, L ( M ) _ ( Ahe ) [(694 3nm)(1240eVD1m) 0459

8mx 8mc> 8(0 511><106eV)

B (ke
8ml> 8(mc2 )L2

6-20. E =



(1240MeVifm)

—~=3.76x10° MeV’
8(0.511MeV )(10 fin)

(a) For an electron: E, =

(1240MeVifm)
8(938.3Mev)(10 fin )}

(b) For aproton: E, = =2.05MeV

(c) AE, =3E, (See Problem 6-16)
For the electron: AE,, =3E, =1.13x10*MeV

For the proton: AE,, =3E, = 6.15MeV

6-24. Refer to MORE section “Graphical Solution of the Finite Square Well”. If there

are only two allowed energies within the well, the highest energy E, =V, the

\J2mE
depth of the well. From Figure 6-14, ka = /2, i.c., ka = #x a=m/2

where a =1/2(1.0fin)= 0.5 fin and m = 939.6MeV | c* for the neutron.

Substituting above, squaring, and re-arranging, we have:

2

E, =, =(1) "
Pt \2) 2(939.6Mer 1 ¢ )0.5 fin)

) (x) (cy ) (x) (197.3eVTnm)
" 8(939.6Mer )(0.5finx 10" nm fin)  8(939.6x10° )(0.5x10% mm )

V, =2.04x10%V =204MeV

R ho .
6-28. <px>=fl/)3 (x)(75)1p3(s)dx (Equation 6-48)
L\F.smha 2 . 3mx
=f —S|n—(f—) = sin——dx
o VL L \iox)\VL L

nty . 3mx 3nx\(3n
ff sin—— |[ cos—— || — |dx
iJ L L )\ L

Let

?m—x=y Thenx=0—y=0, x=L—=y=3m and 3—ﬂabc=a’y—>dx=ia?y
L L 3n



Substituting above gives:

20 L7 3
(p.)= 27gjo’smycosw’yx(7)
3z

207 .
=—— [ sinycos yd
Li{ YOS ydy

3

_2h(sin’y
Li 2

2h
=Z7(O_0)=0

Reconiliation: py is a vector pointing half the time in the +x direction, half in the —

x direction. Ej is a scalar proportional to v, hence always positive.

6-29. Forn=3,y,=(2/L)" sin(3rx/L)
(@) (x)=[x(2/L)sin’ (3zx/L)dx
0

Substituting u = 3wx/ L, then x = Lu /3w and dx = (L/ 3z )du. The limits

become:

x=0—u=0andx=L —-u=3n

() = (21 L)(L137)(1/37) [usin’ ud

usin2u _ coSs2u 3”
4 8

=(2/L)(L137Y é-

0

=(2/L)(1/3x) (3u ) 14=1L12
(b (x*) =}x2 (2/L)sin* 3x/ L )dx

Changing the variable exactly as in (a) and noting that:

3 2 3
u u 1) . 1 COoS2u
— = ———|sin2u -

6 4 8 4

3
fu2 sin’ udu =
0

0

We obtain <x2> - (% —énz )E = 0.320/>



"

6-31. - Y (x)=Eyp(x) (Equation 6-18)
1 (hd
_( i dx)(z dx)w( ) [E—V(X)]l/) (x)
1
%poppopw = [E_ V(x)]w
Multiplying by y * and integrating over the range of x,
P .
_sz ﬁl])dx= _sz [E—V(x)]l/)dx
p2
[2)=(z-r ) o () =nf-r )
For the infinite square well V(x) = 0 wherever y (x) does not vanish and vice
versa.
wrtht\  a’h
Thus, <V(x)> =0 and <p2> = <2mE> = <2m Pz > = forn=1
r r L
6-32. <x2> =3 0 (See Problem 6-29.) And (x) = By
; > 2o " 1"
o, = (¥")-(x)" = [?_F_T] =L[E— 2”21 = 0.181L

6-33. 1, (x)= Ae™ "> where 4, = (mw/hx )"

+00

= fA(fxe‘""”xzmdx Letting u® = mox* /7 and x = (h/mw) " u

2udu = (mw/ h)(2xdx ) And thus, (ma)/ }’i)_1 udu = xdx; limits are unchanged.



<x> = A (h/ mw) f ue™ du =0 (Note that the symmetry of V(x) would also tell

us that

<x2> _ ?A§x2e—mwx2/hdx
= 42 (hl mo)" }Ouze‘”zdu =242 (hl mo)" +fuze‘”zafu

=242 (hmo) " Jx 14 = (mo Iz )" (Rl mo) " Jx 12 = 11 (2mw)

2
6-34. 2’; + Loy = (n+1/2)hw. For the ground state (n = 0),
m

(v)-
Problem 6-33)

h p’ h p’ 1 1
<1— >= or <1— =5—><p>=5mha)

mao mhw 2mw

22(ha)/2—p2/2m) and <x2>=<i_ 12)22>=h/2ma) (See
mo

6-35. (a) ¥, (x,t)= (mw/hyr )”4 oo 121 ymion ]2

hod - hay
(6) Py = (v")= [, (x,t)(yg) W, (.t )dx
alp —mox® |2k _—io
axo =4, (mwx/hn )1/4 g 12 griot ]2
821110 ~mox® |2 ~iwt ]2
Pl 4, [(—mwx/h)(—ma)x/h)—mw/h]e e

<p2> = -1’4, (mw/h)? (moz)x2 /17— l)e""‘”lehdx

=-W'A; (ma) /1) }C(ma)x2 /h)e"”“’lehdx - fe"”“”z 121 gl

—00



Letting u = (ma)x/ h)”z x, then
<p2> =-n"A; (ma)/7’3)(171607/‘1)_”2 [fuze'“zdu—fe’“zdu}

= -1’4 (mwlh 1/22ruze'”zaht—me"“zdu
oh) 2 frrene]

= —h? (ma;/?’m)”2 (ma)/h 2 (ﬁ——ﬂ]

4 2

=1 (mow/h)(1/2)=mhw!2

6-36. 1, (x)=Ce™ ¥  (Equation 6-58)
(a) }O‘wo (sz dx=1= ?|C0|2 e M iy

=|c,| %21, =|c,f x2x% T with A = ma/h
X

2 | mwh

ol (2

maow
1/4

mw

(%)
(b) <x2> = Ixz |1/J0|2 dx =ZE x’ \/%e'm‘”xz’hdx

= fm—wx212= /m_a)xle /% with A =mw/h
wh h 4\ A




6-37. 1, (x)=Cxe™™*'*"  (Equation 6-58)

(a) }O‘w, (sz dx=1= }O|C,|2 xre gy = |C1|2 x 21,

=|C1|2x2x% % with A = me/ h
1 w
16
4 3 3 1/4
Cl:( - )
o oo NN
(b) <x>=fx|1p1|2 dx =fx3(4mh630 ) e My = 0
J J T

1/2

© <x2> _ }sz [ d =+f°°x2(4m3w3) oo in 2 0

J ah’
3 3 1/2 3 3 1/2
= 4mc;) x21, = 4m_c30 x2><§,/l5 where A = mw/ h
h ah 8\ A
3w’ [an' 3 n
2N 7 \ e’ 2 mo
1 1 1 3 h 3
d) V(x))={—mw*x*)=—mw*{(x*) = —mw*x=———="hw
@ (V@)= (gmoe )= gmo ()= g -3

6-42. (x) = Aoe_wxznh Y, (x) =4 \ %wxe""“”xz f2n

From Equation 6-58.

Note that v, is an even function of x and v, is an odd function of x.

It follows that f Yy,dx =0

6-51. (a) The probability density for the ground state is
P(x)=vy?(x)=(2/L)sin’ wx/L.
The probability of finding the particle in the range 0 <x < L/2 is:



L/2 2 J'[/2 1
P= fP(x)dx———fSIn du—;(Z—O)—E where u = x/L

LI3 2 L3 P S|n2n/3) 1 3

(b) P = fP(X)dX———fSWI udu=;(g—T —E—E=O 195

(Note: 1/3 is the classical result.)

3L/4 3n/4 .
2L 37 sin3w/2 3 1
(C) P= f P(x)dx——— f S|n udu—;(?—T)=Z 2——0909

(Note: 3/4 is the classical result.)



