2 he) 1240eV Cnm )
53. E =eV, =L _- ( 2)2 v =1 ( ) _ = 9401
2mA’ 2mc’A e 2(5.11x10%V )(0.04nm)
54 A=t e (from Equation 5-2)
p \/2mEk \/2mczEk
(a) For an electron: A = 1240¢VLum 75 = 0.0183nm
[(2)(0.511x106eV)(4.5x103eV)]
(b) For a proton: A = 1240¢VLnm =4.27x10"nm

[(2)(983-3 x10%el )(4.5x 103eV)] v

(c) For an alpha particle:

A= 1240e ¥ nm =2.14%x10" nm

[(2)(3-728 x10%el )(4.5x 103eV)] v

1/2

5-5. A=hlp=hly2mE, =hcl [chz (l.SkT)] (from Equation 5-2)

Mass of N, molecule =
2%14.003 1u (931.5MeV/uc2 )= 2.609%10* MeV [ > = 2.609x10°eV | ¢

A= 1240e 7 Lim = 0.0276nm

[(2)(2.609>< 10ey )(1.5)(8.617 IO'SeV/K)(300K)]

5-11. A=—=—==0.25nm

Squaring and rearranging,

K (he) (1240e¥ Thm )
Ek = 7= > 3 = > = 0.013eV
2m, 2% 2(m,e® P2 2(938x 10l )(0.25mm)

nA=Dsing — sing=nA/D =(1)(0.25nm)/(0.304nm)

sing =0.822 — ¢ =55°



h _ he _ 1240eV «nm
V2ME,  J2mc’E,  [2(939.57x10%V )(0.02eV )|

h
56 A== —=0.202nm



: A nhc
5-12. (a) nA=Dsing .. D=—— =
® ’ sing  sing./2mc’E,
1)(1240eVTh
= ( )( ¢ m) — =0.210nm
(sin55.6°)[2(5.11x105eV)(50eV)]
(b) sing = nh (1)(1240e¥ nm) 0584

D (0_210nm)[2(5.11x105eV)(100eV)]1/2
¢ =sin™' (0.584)=35.7°

-17. (@) y=x»+y
= 0.002m cos(8.0x/m —400¢t/s)+0.002m cos(7.6x/m - 380t/ s)

= 2(0.002m )cos B(s.ox/m ~7.6x/m)~- %(4001/s - 380t/s)l

X COS

%(8.0x/m+7.6x/m)—%(4001/s +380z/s)l

= 0.004m cos (0.2x/m 10t/ s )x cos (7.8x/m -390t/ 5

) veZ 395 505
k 7.8/m

Ao 20/s

v, =—= =50m/s
Ak 0.4/m

(©)

(d) Successive zeros of the envelope requires that 0.2Ax/m = 7, thus
Ax = = Sm with Ak = k —k, = 0.4m™" and Ax = =% = Sam.
0.2 Ak
h hc 1240eV  nm

h
522, (a) A== - - - 0.549mm
PoNamE \2me B [2(0.511x10%) Yser )]

dsin@ = A/2 For first minimum (see Figure 5-17).

B A _0.549nm
2sinf 2sin5°

= 3.15nm slit separation

0.5¢cm
2sin5°

(b) sin5°=0.5¢cm/ L where L = distance to detector plane L = =5.74cm




5-23.

5-24.

5-25.

(a) The particle is found with equal probability in any interval in a force-free
region.
Therefore, the probability of finding the particle in any interval Ax is
proportional to
Ax. Thus, the probability of finding the sphere exactly in the middle, i.e.,
with
Ax =0 is zero.
(b) The probability of finding the sphere somewhere within 24.9cm to 25.1¢m s
proportional to Ax =0.2cm. Because there is a force free length L = 48cm
available
to the sphere and the probability of finding it somewhere in L is unity, then
the
probability that it will be found in Ax = 0.2c¢m between 24.9cm and 25.1cm

(or any

interval of equal size) is: PAx = (1/48)(0.2cm) =0.00417.

L L
Because the particle must be in the box fl/) *Ydx =1 =fA2 sin’ (wx/L)dx =1
0 0
Letu=ax/L; x=0—u=0; x=Leu=nanddx=(L/n)du,sowehave
fAZ(L/ﬂ)Sinzudu=A2(L/Jr)fsin2udu=1
0 0

(L/JT)Az}sin2 udu = (L1 7 )4> [3 _Sin2u
0 2 4

r = (LIx) 4 (w/2)=(LA* )2 =1

A =2/L—-4=(2/L)"

(@) At x=0: Pdx=[y (0,0) dv =|de’[ dr = 4%

2 2 2
(b) At x=0: Pdx = ‘Ae"’ 1o = | 4e " de = 0.61 4%

2 2 2
(¢) At x=20: Pdx= ‘Ae"‘“ 1y = |4e [ dv = 0.144dx

(d) The electron will most likely be found at x = 0, where Pdx is largest.



5-32. Because ¢ = fA for photon, A=c/f =hc/hf =hc/E, so

E_Nc_ 1240eVenm _; 4gx10%ev
A 5.0x107nm
5
and p:E:M:&BxlO’%V-s/m
c 3x10°m/s

For electron:

o= h 4.14x10™"eVes
AX 5.0x10™*m

Notice that Ap for the electron is 1000 times larger than p for the photon.

=8.3x10%eVes/m




1.055x107* JTs
10"7s(1.609x10'19J/eV)

5-27. AEAt=h — AE=h/At= ~6.6x107eV
5-35. The size of the object needs to be of the order of the wavelength of the 10Mel
neutron.

A=hlp=~hlymu. y and u are found from:

E, =mc (y-1) or y -1=10MeV /939MeV
5 2 1/2
y =1+10/939=1.0106=1/(1-u*/c* )~ or u=0.14c

Then, 7 = h _ hc _ 1240eV nm _9.33 fin
ymu [yme’ (ulc)] [(1.0106)(939x106eV)(0.14)]

Nuclei are of this order of size and could be used to show the wave character of
10MeV neutrons.

539, AEAt=T — A=
2 2AE
-16
ar = O8N0 7eVls 5 g

 2x250x10%eV

5-@ (a) For a proton or neutron:

AxAp = g and Ap = mAv assuming the particle speed to be non-relativistic.

-34
Ave—T o 1'055"210 JDSI =3.16x10"m/s =~ 0.1c (non-
2mAx 2(1.67x107 kg )(10"m)
relativistic)
1.67x107 kg )(3.16x10"m/ s )
(b) E, z%m# =( )g ) =8.34x107"J = 5.21MeV

(c) Given the proton or neutron velocity in (a), we expect the electron to be
relativistic,

in which case, E, =mc’(y -1) and


jhirsch
Sticky Note
5-42


Ap=——=ymv — yv=
P 2Ax ’ ’ 2mAx

For the relativistic electron we assume v = ¢

o 1.055x 107 s 1o
" dmedx T 2(0.11x107 kg )(3.00x10°m 5 )10 m)

3

E, =mc*(y =1)=(9.11x107 kg }(3.00x 10°m /s ) (192) = 1.58x10"'".J = 98MeV’





