5-2 The issue is: Can we use the simpler classical expression p = (ZmK)ll ? instead of the exact

K1+ ]”

relativistic expression p = ——————? As the relativistic expression reduces to
c

p= (ZmK)ll ? for K <<2mc?, we can use the classical expression whenever K <<1 MeV

because mc> for the electron is 0.511 MeV.

(a) Here 50 eV <<1MeV, so p= (ZmK)ll2

f h he
e [(2)(0‘5“6#)(50 ev) ]1/ 2 [2)(0.511 MeV)(50 ev) ]2
_ 1240 eV nm 0173 nm
(20511 x10° (50)(eV)? ]1'2
(b) As 50 eV <<1MeV, p=(2mK)"
A= hc 5 =549x107 nm .

[(2)(0511#)(50 x10° ev)]]

As this is clearly a worse approximation than in (a) to be on the safe side use the

fozme|”
relativistic expression for p: p=K + 50
hce 1240 eV nm

A=

<=

(K2 + 2kme )P [(50 x10°) +(2)(50 x10°)(0.511 x 10° ev)]ll2

=5.36 x107 nm =0.005 36 nm
5-7 A 10 MeV proton has K =10 MeV << 2mc® =1877 MeV so we can use the classical
expression p = (ZmK)ll ? . (See Problem 5-2)

h he 1240 MeV fm 5
A=—= 7= 7 =905 fm=905x10""m
P [(2)0383 Mev)(10 MeV)]™ [(2)(038.3)(10)(MeV)’]
h l’l h ]’l _1,2
58  A=—-= - - %4
r (2 mK)ll2 (2meV)lI2 [(2 me)ll2
A 6.626 x10™* Js AP

(2x9105x10° kgx1602x1071° C)"*

1.226 10~ kg'l?m? .y
SclIZ

5-10 AsA=2a4= 2(0.052 9) nm =0.105 8 nm the energy of the electron is nonrelativistic, so
we can use

A=




h iy
p—x WlthK—ﬁ,

2
1 (6626 x107 ] -} ,
K=——- > =215x107° ] =134 eV
2mA" 2(9.11x107 kg)(1.058 x 107 m)

This is about ten times as large as the ground-state energy of hydrogen, which is 13.6 eV.
5-11  (a) In this problem, the electron must be treated relativistically because we must use

relativity when pc =mc” . (See problem 5-5). the momentum of the electron is

6.626x107" J -5

10 m

=6.626 x10™° kg-m/s

and pc =124 MeV >> mc*> =0.511 MeV . The energy of the electron is

E= (pzcz + rnzc4)1/2

- |(6.626 x10?° Kg-m/s) 5 ms) °evY " 7"
_[ . g-m/fs) (3x10° m/s) +(0.511x10° eV) (1.602x 107 J/eV) ]

=1.99x107™" J=1.24 x10°* eV

so that K =F —mc®> ~124 MeV .

(b) The kinetic energy is too large to expect that the electron could be confined to a
region the size of the nucleus.

o 6.626x10™ J-s
mA (9.11x10™" kg)(1x107" m)
From the principle of conservation of energy, we get

h
5-12  Using p= o =mv,we find that v = =727 x10° m/s.

mo? (911x107" kg)(727 x10° mfs)’

-17
eV = > = > =241x10"" J =151 eV.

Therefore V=151V

2 2
5-15 For a free, non-relativistic electron E = mero = E;nL . As the wavenumber and angular
e
frequency of the electron’s de Broglie wave are given by p =ik and E = o, substituting
nk’ do Tk
these results gives the dispersion relation w = So v, = 2. =2 (2
Me dk  m. me

2
517 E*= p202 + (mec2)
22 22 1P
E=[p c +(mec ) ] .As E=hw and p=rk



5112
fiw = [Fzzkzc2 +(mec2) ] or

2 12
w(k) = [kZCZ +(mc2) ]
fi
5112

o {kzcz +(meC2/h) l . (mecz\2 172
U=k T P =1t T )

d 1 (mec? )’ F kc?

) 2 2 Imee 2 c
v, = ==—|kc" + 2kc” =
e 2[ | 7n ] [k2C2+(mec2 /h)z]llz

{kz <+ (mec2 /h)2 le

12
0,0, = T {{kzc2 + (mecz/h)2] }= c?

Therefore, vy <c if v, >c.




5-24 (a) AxAp=1h soif Ax=r, Ap= L
.

A G
(b) K = = = 2
2m,  2me  2mgr
r
2mer2 r
dE 1’ ke’ :
(0) To minimize E take — = -—5 + Lz =0=r= 5 = Bohr radius = 4y . Then
Mg r meke

=-13.6 eV.

2

( h )/mekez\ S meke? ) mokPe*
E= > - ke —| = >
2m, h ) h ) 2h



5-35 (a)

zkxdk = fe—az(k—k ikx —a? 2kg+zx/(x ) )

1) == [ alkk™ de == k= e

. Now complete the square in order to get the integral into the standard form
+00
2
[e™ dz:
e—a 2(k2 —(2k0 +ix/a Z)k) _ o2 (ko +ix/2a2 )Ze—az(k—(ko +ix/2a 2))2
A o Zkgea 2(ko +ix/2a 2)2 ?
'JZ]T k=—o0
+00
A e—x2/4a Zeikox f e ™ Zzzdz
2 P

e—a Z(k—(ko +ix/2(x 2))2

dk

¢*™  The

AP A i
where z=k - (ko +—) Since f e dz—— flx) = e I
2a

Zz=—00 aJ_

real part of f(x), Re f(x)is Re f(x) = 356_7‘240‘ coskox and is a gaussian
o

envelope multiplying a harmonic wave with wave number k. A plot of Re f(x)
is shown below:



cos kg x
A 2
Comparing 1/Ee_xzm " to Ae~t2) implies Ax=a .
a
1 1 1 1
(©) By same reasoning because o = Wk Ak = pye Finally AxAk = a( E) =3



6-2

6-3

(a)

(b)

(a)

(b)

Normalization requires

o L 2 2
1=[7 lydx = AZECOSZ( Zx)dx :[A—
4

2

so A=

o

1

P= iwclx Azfcos( )d ‘(%( )i(
[z

5 e (5,

0

2
Asin(ﬂ) = Asin(5>< 1010x) SO (2—7[) =5x10"" m™!
A A

_h_ 6.626x 107 Js

24
= T 126210 m =5.26x10"" kg m/s

Jjﬁ (1+cos(47£x

o))

= i—0409
4 2z

A= 27

5x10

10

JJ

=1.26x10"" m



2
© K:;j— m=911x10"" kg
m

5.26x102* kg m/s)’

1<=< _‘il /s) =1.52x107" J
(2x9.11x107 kg)
1.52x107Y

T 161077 JjeV

=95 eV

The time development of ¥ is given by Equation 6.8 or

- Ca\ro [ike-io(k)t-a’k?}
Y(x, t)={a(k)e'* (k)t}dk:(_) {
(x, t)=[a(k) = [

—00

dk,

2
with w(k)= g for a free particle of mass m. As in Example 6.3, the integral may be reduced
m

ht
to a recognizable form by completing the square in the exponent. Since w(k)f = (z—j k*, we
m

ht
group this term together with a’k? by introducing f* = o +12— to get
m

. 2 2
i — S R I S L R
ikx—ow(k)t—a’k (ﬂk 2,6’] Ve

Then, changing variables to z = Sk —% gives

_ Ca Y :[QJ /4
¥ (x, t) (—ﬂ\/;je ["e 5 e )

To interpret this result, we must recognize that fis complex and separate real and

p =

iht
o + 2
2m

2 2
ht
imaginary parts. Thus, =a*+ (—j and the exponent for ¥ is

2m

2 ¥ (0‘2 _'2’%) x?
= — = 5= +(imaginary terms)
45 4|ﬁ2| 4|:a2 +(£) :|

2mao

then

_Ca e mpmar))



We see that apart from a phase factor, ¥ (x, t) is still a gaussian but with amplitude

27\V/2
diminished by 7 and a width Ax(t) = [az +(2—j j where o = Ax(0) is
ma

(42 )1/

the initial width.





