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Solution to HW4
C5: 5, 11, 14, 17, 24, 29
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K=E-mc —[p c +(mc2)2]1/2—mc2,

we must use the relativistic expression for K, when pc =~ mc?. Here
2
pc=124 eV << me? =0.511 MeV , S0 we can use the classical expression for K, K = g—
m

2.2 2
k=P _? C U2V _pi50ev
2m  2mc*  2(0.511 MeV)
(b) Electrons with A=0.10 nm p= % = 12400 eV asin (a). As pc << mc? =0.511 MeV , use
c
2 2
K= -E— = pZCZ = (12 400) (e‘:) =150 eV.
2m (2)(0.511x10° eV)
3
(© Electrons with 2=10 fm=10x10" m, p= ke = 124x10° MeV .As

%‘

c
pc >> mc? =0.511 MeV, use

[p ¢ +(mc? ] — mc? = pc—me? =1240 MeV - 0511 MeV =1239 MeV..

For alphas with mc? =3 726 MeV:

2

. As pc <<3726 MeV, we use K=;—:
m

(a) p still is 124V

_ pzc2 _ (124 eV)?

== =206x10"° eV.
2mc*®  (2)(3726 MeV)
()] For alphas with 2=0.10 nm, p= M. As pc <<mc® =3726 MeV,
c
2
k=2l P _(M0eV)' o ongoy.

2m  2mc® (2)(3726 MeV)
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p= L2 10° MeV
[

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

K=[p2c? + (mc? ] - me? =[(1240 MeV)® +(3726 MeV)*]"* 3726 Mev
=201 MeV.
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(b)

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

-34
p_i,ﬁm-%%xw -2 kg-m/s

A 104 m
and pc =124 MeV >>mc? =0.511 MeV . The energy of the electron is
E=(p* +m2c“)1/2
-20 2 8 2 6 2 -19 2712
= [(6.626 x107 kg-m/s)"(3x10° mys)” +(0511x10° eV)*(1.602x107" J/eV) ]
=199x1071 §=1.24x10°% 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.
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1)(1240x107 eV-m
——nh—C—TE:——L-———)——W=3.OOXIO’m m
(sing)(2m.c’K)""  (sin24.1°)(2x0.511x10° eV x 100 eV)
=3.00A

=3.00x107° m

(2)(12.40x1077 eV -m)
dz =

" (sin549°)(2x0511x10° eV x100 eV) ">

As we obtain the same spacing in both cases, 24.1° must correspond to n =1 and 54.9°
ton=2.
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E2 _pzcz +(m C2)2

E= [pc +mc ]I/Z.AsE=hwandp=hk

ho= [hzkzcz +(m,ecz)2]1/2 or

212 2
w(k):{kzc%———(m;cz) }

[kzcz +(mec?/h) ]1/2

8" k

Therefore, vy <cC if v, >C.

) [kzc2 +(mec2/)‘l)2]1/2

{[kzc +(m cz/h)Z]l/z}:c2
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(@)

(®)

2 2 2
To minimize E take HE P 3 +k£2 =0=>r= 5 =Bohr radius = 9. Then
dr Mz 1 M
2)2 2 2,4
Aoyl -kel("“’f ]:"’ekf —_136eV.
2m, N h* n 2h

8
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With one slit open P, =|¥|* or P, =|¥,[*. With both slits open,

the wavefunctions are in phase so

P = (9] +[¥,)%.

At a minimum, the wavefunctions are out of phase and

Prin = (¥4~ ¥,))%.

71 =25 or L2l |—5,and

Now
Pz TImf [

e _ ([ + 5 _ (6,1 +1%5)°

62

Puin  (Wl=1%,)" (61|~ |¥,)?

5

P=|¥, +¥,[*. Ata maximum,

36

=—=225.
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