CHAPTER 5 MATTER WAVES
. . h
Taking 4=0.1 nm and using p = =mv, we get

_h _663x10]s

-9 - 6
— 9—11—;-1-6W(0.1x10 m)="7.28x10° m/s.

As v<<c,itis okay to use p=mv instead of p=ymv.

h_ 1240 eV nm 124 eV
Ac (10 nm)c) c

(@) A=

AR

or p——h—
2

K=E-mc —[p ct+ mcz)Z]uz-—mcz,

we must use the relativistic expression for K, when pc = mc?. Here
2
pc=124 eV << mc? =0.511 MeV, so we can use the dassical expression for K, K = Zp_m

2
K= p pc _ (124 eV)

3 =0.150 eV
2m  2me 2(0.511 MeV)
(b) Electrons with 2=0.10 nm p= % = EM asin (a). As pc <<mc? =0.511 MeV , use
c
2 - 2
K=p—=pzcz = (12 400)° (e\:) =150 eV.
2m (2)(0511x10° eV)
3
(c) Electrons with 1=10 fm=10x10""° m, p= % = M .As
c

pc>>mc? =0.511 MeV, use
2.2 2)2]¥2 2 2
K=[p?c?+(mc?)’]"” - mc? = pc-mc? =1240 MeV - 0511 MeV =1239 MeV.

For alphas with mc? =3 726 MeV:

2

. As pc <<3726 MeV, we use K=§—:
m

(@) pstillis 124 eV

P (24ev)?

= = =2.06x107° eV
2met (2)(3726 MeV) €

®) For alphas with =010 nm, p= -l—ziq-q—el. As pc<<mc® =3726 MeV,
c
K= p> _ pic® (12400 eV)?

=00206eV.
2m  2mc®  (2)(3726 MeV)
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Note
5-5 (a)

    It should be K = .015 eV  for electons

5-5 (c)

    It should be cp = 124 MeV.     
For electrons,  K=14.8 MeV               
For alpha particles, K = 2.06 MeV


59

510

MODERN PHYSICS 65

pe 1.24x10° MeV
[

(c) and pc=1240 MeV ~ mc? =3 726 MeV . We use

1/2

K=[p*? +(mc2)2]1/2 ~me? =[(1240 MeV? + (3726 MeV)]"* ~3726 MeV

=201 MeV.

From Problem 5-2, a 50 keV electron has 1=5.36x10"> nm. A 50 keV proton has
K =50 keV << 2mc? =1877 MeV so we use p=(2mK)¥2:

h h he
7 [@mapMys0 kev)]” [2)9383 MeV)G0 ke
1240 eV nm 1.28x10 nm

" [(2Y9383x10° eV)50x10° eV)]

A 10 MeV proton has K =10 MeV << 2mc* =1877 MeV so we can use the classical expression
p=(2mK)¥2. (See Problem 5-2)

At he e M i 005 fm=905x10" m
P [(2)(938.3 MeV)(10 MeV)]™*  [(2)(938.3)(10)MeV)?]
PSS S S AT
p CmKYY?* @2meV)¥: | Qme)Y
-34
1o 6.626x107 Js .
(2x9.105x107*! kg x1.602x 107" C)

o[ 1226x107 kg?m? ] 1n
sC¥?

2
m=0.20 kg: mgh= r_n;;_: v=(2gh)"?
p=mv=m(2gh)"? = (0.20)[2(9.80)(50)]*2 = 6.261 kg -m/s

A== 27 -106x10* m
S

use

(o _ (6.626x10™ J-5)’
2m?  2(9.11x10* kg)(1.058x10™° m)

7=215x107% J=134 eV

This is about ten times as large as the ground-state energy of hydrogen, which is 13.6 eV.
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5-11

5-12

5-13

5-14
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(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

-
p_i___________6626><10 Js-662.6x10‘2° kg -m/s

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

E=(p%c +m2c“)1/2

=[(6:626x10™ kg-m/s)’(3x10° mys)’ +(0511x10° eV)’(1.602x10" ]/ev)z]l/2

=199x107!! J=1.24x108 eV
so that K =E —mc? =124 MeV.

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

b _ 6.626x10°# J.s
mi  (9.11x107" kg)(1%107° m)
the principle of conservation of energy, we get

Using p=%=mv,we find that v = =7.27x10° m/s. From

mp? _(911x107! kg)(7.27x10° nys)’

eV = = =241x10"7 J=151eV.
2 2

Therefore V=151 V.

A canceling wave will be produced when the path length difference between the surface
reflection and the reflection from the nth plane below the surface equals some whole number
of wavelengths plus % As the path length difference between a surface reflection and a

reflection from plane n is given by (n)(1.014), we find that a reflection from the 50t plane has
a path difference of 50.54 with the surface reflection, and consequently cancels the surface
reflection. Essentially all waves reflected at # will cancel as the wave reflected from the
second plane will be cancelled by a reflection from the 51* plane and so on.

(a) nA=dsing or

s hA_nh_n h nhc Y2
Sne= =T d((Zm K)VZJ (d)(szK)

1)(12.40x107 eV-m
® 4= nhe = ax ) 75 =300x107" m
(sing)(2mc’K)""  (sin24.1°)(2x 0511 10° eV x 100 V)
=3.00A
2)(1240%x107 eV-m
d, = @ ) =3.00x107" m

(sin54.9°)(2x 0.511x 106 eV x100 eV)"”

As we obtain the same spacing in both cases, 24.1° must correspond to 7 =1 and 54.9°
ton=2.



5-15

5-16

517

5-18

MODERN PHYSICS 67

2 2
- m,v
For a free, non-relativistic electron E = —£-2

= . As the wavenumber and angular

me
frequency of the electron’s de Broglie wave are given by p = hk and E = ha;, substituting these
Wt o _dw_hk_p

results gives the dispersion relation @ =
g P m, ¢ dk m, m,

V2
v, = (Ezr_S) means that individual harmonic waves (ripples) with short wavelength travel

Ap

fastest. A surface pulse, such as that generated by a stone, is composed of a spread of
wavelengths or wavenumbers centered on k. The pulse travels with an average velocity v,

while individual ripples propagate through the pulse through the pulse at, v,. Writing

U, = k1/2 (i)uz
P p

e ), oG e ) -5 )

Y2
Assuming that the dominant individual wave has k=ky, v, = k(l,/ 2 (—f;) -Hence v, =v, and

the individual ripples move inward through the disturbance.
E? =p*c* +(m, cz)2

E=[p?c +(mec? ]llz.AsE=hwandp=hk

hw:[hzkzc +(m,c? )2]1/2 or

2\2 V2
a)(k)=|:k2c2+(m;cz ) ]
) [kzc +(m cz/h)z]l/2 e, mc? y2
P= k - k - Rk

2\2 T2 2
=g =%[kzcz+(m_2c‘ ] PR
ko [k2c2+(mec /n) ]

[k2c2+(m c2/n) ]]/“

VU, = p {[kzc +{m cz/h) ]I/Z}

Therefore, v o

<cifvp>c.

AxAp 2-:— where Ap=mAv =(0.05 kg)(10™ x30 m/s)=15x10" kg-m/s. Therefore,

_h _ 6626x10*7s

== =351x10% m
28p  42(1.5x107 kg-m/s)
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+5-20
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2 2
K=-"l”—-_—— 106 19 = 4 =2312x10"? kg-m/s,
> (1x10° eV)(1.6x107" J/eV)= 67 <107 kg):p 2312x10"% kg-m/s

Ap=0.05p=1160x10"%" kg-m/s and AxAp= Zh—' Thus
v 3

663x10J.s

= -~ =456x10™* m
(116x107% kg-m/s\4r)

Note that non-relativistic treatment has been used, which is justified because the kinetic
(1.6x1073)x100%

energy is only X0 ® 0.11% of the rest energy.
_hodp _dp__h =B
PEa M aa ,12’°Ap_ 2’
h hA A 6000 A y
Ax L. = = = =478x10% A=478x102 m
IA%qun] = [28p| " 2(nAA/4%) " 2AnAA/2) 4m(AA/A)  4n(107F)

(a) The woman tries to hold a pellet within some horizontal region Ax; and directly
above the spot on the floor. The uncertainty principle requires her to give a pellet

some x velocity at least as large as Av, = . When the pellet hits the floor at time

2mAx;
.o - h 2H
t, the total miss distance is Ax,, =Ax; +Av, t = Ax; + . The minimum
ZmAxi g

value of the function Ax,,, occurs for —Si-(——-‘-'i"—’—'l =0orl —5— ( Ax;)) 2 =0

6

H
Ax

1/2 1/4
We find Ax; ( ) (ZH) .
2m 4

(b) For H=2.0m, m=050 g, Axy, =52x107¢ m



70

524

5-25

5-27
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() AxAp=hsoifo=r,Ap-—=B-
r

b  K=P . #

T2m, 2m, 2mr?

kez
=
gk
2mgr? 1
2 2 2
(<) To minimize E take E£=—i?+1c%—=0:>r= 5 = Bohr radius = a5. Then
ar  mg’ r m,

22 2 2,4
E:( A Ymeke | e meke ) meke _ j36ev.
2m, h h 2h

To find the energy width of the ¥ -ray use AEAt 2% or

h _ 658x107% V.5

—2———————>329x107° eV.
24t (2)(0.10x107 s)

AE2

As the intrinsic energy width of ~+3x107 eV is so much less than the experimental
resolution of 15 eV, the intrinsic width can’t be measured using this method.

The full width at half-maximum (FWHM) is 110 MeV. So AE =55 MeV and using

h
AEmlnAtmln =‘2_,

B _658x107¢ev.s
™ 24E  2(55x10° eV)
r=lifetime ~ 2At,, =12x103 s

At

=60x10# s

For a single slit with width a, minima are given by siné= L wheren=1, 2,3, ... and
a

x x; A X, 24 x,-x A
sind=tanf==, L="and 2 ="C-2 "1
L"L a L a L a

p P W (124x10* eV -A)’
am 2mA 2mc’ A f511x10° eV)0.525 A)

=546 eV
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5-32

5-33

5-34
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h
AyAp, ~h Ap, = Z; From the diagram, because the momentum triangle and space triangle

are similar, Ay <02 cm,
P X
05 cmp, _ (05 cmip, Ay _ (05%1072 m})(0.001 kgX100 mys){2x10~> m)
Ap, n 1.05x10™ J-s
=95x107 m

Once again we see that the uncertainty relation has no observable consequences for
macroscopic systems.

_E_(18)1.6x10™J)

a =434x10" Hz

(@) b 663x107%*]-s

) ﬂ.=%=691 nm

©  aEs? _663x107* .5 Q

At 22(2%10 )
AE25.276x107% J=330x1071 eV

From the uncertainty principle, AEAt~h  Amc®At = h. Therefore,

Am h h 663x107*# J-s

2 = = 7 6 =T =5.62x1078,
m  2mc’Atm 27AE  27(8.7x107V s)135x10° eV)(1.6x107" J/eV)

(a) g(@)=2r)V? jV(t)(cbs ot—isinwt)dt, V(H)sinwt is an odd function so this integral

T 1/2 :
vanishes leaving g(w) = Z(Zﬂ)'l/zjVo coswidt= (%) Vo SOT | A sketch of gla) is
0 :

given below.
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Note
5-33 

	They forgot a factor of 1/2 in their calculation.  The correct final answer should be 2.8 * 10^-(-8)




