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Homework 6 Solutions

h h 663x10°#]s
Az==—=—re(10° nys)=397x107°
—— 1.67x10-”kg( oys)=397x10° m

From Problem 5-2, a 50 keV electron has 4=5.36x10"* nm. A 50 keV proton has
K =50 keV << 2mc? = 1877 MeV so we use p = (2mK)¥2:

h he
[(2)Baapev k50 kev)]‘fz ~ [(2X938.3 MeV)(50 keV)] V2
_ 1240 ¢V nm

[(2X(938.3%10° eV){50x10° eV)

A=k
p

]ﬁzl.zsxw“ nm

As A=2a, =2(0.0529) nm =0.105 8 nin the energy of the electron is nonrelativistic, so we can
use

K (6.626x107* J..5)*

2mB 91110 kg)(1058x 1070 m)’

=215%x107® J=134 eV

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

mu:  p?
e’0 - £ Asthe wavenumber and angular
2 2m,

frequency of the electron’s de Broglie wave are given by p =2k and E=ha;, substituting these
2

n .Sov =d_m=_hk_=_£_=v°

2m, ' dk m, m,

For a free, non-relativistic electron E=

results gives the dispersion relation @ =

(@)  ArAp=hsoif Ax=r, ap=2
n

) K P’ S(AP)Z‘_ A2
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u=_kL
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g Mk
2mg? v
. . dE a ket n?
(© To minimize E take —=-—— 4+ —=0=r= - .
dr  mg® 12 =r e Bohr radius = 4,. Then




h 6.63x10°# |8
528 (a A=—= =9, 7
@ mv  (1.67x1077 kg)0.4 m/s) P10 m
a ) 7
®) 9.93x10 m__ 4 96x1074

sinf= —=
2D 2(1.0x107° m)
As @=sin@, y= RO =(10 m){4.96x10™*) =4.96 mm.

{c) We cannot say the neutron passed through one slit. We can only say it passed
through the slits.

530 (a) From E= rmec2

_ 20x10° MeV
0.511 MeV
p= %(for m,c? << pr)
(2x10* MeV)(16x107° J/MeV)
3x10* my/s

=39139

=107x107 kg-m/s

~M .
b A b _ 6626 xj;) J'5 . 62x10™" m. As the size of a nucleus is on the order of
p 107x107" kg-m/s
10~ m, the 20 GeV electrons would have a wavelength much smaller than the
nucleus and allow details of the nuclear charge distribution to be revealed.

5-33  From the uncertainty principle, AEAt ~ & Amc®At = i Therefore,

Am__ h _ h 6.63x10™J-3 —5.62x10-°
m  2xcAtm  2MME, 2x(87x1077 sf135x10° eV)16x107° Jev) '




