PHY 251 Spring 2008: homework problem set 4, due Thursddy, Z&

Serway problem 3.22

Answer: Start with )

quB = vmv— leading togBr = ymuv
r
which gives
gBr 1.6 x1072x107°-0.2
m 9.11 x 10-31

Now already we can guess that we can ignorertive this; but let’s look into it a bit more.
Let's consider the differences — S in the low 5 limit to get a handle on this:

=7.03 x 10° m/s

7 =

&
1 1
= p(1+ 552) —-f= 553
from which we can say that X
B=6- 553

We haveyv calculated above which gives
Y6 = yv/c = (7.03 x 10°)/(3 x 10%) = 2.33 x 1077,

Therefore ify/3 is small we can say that3 ~ 3 with an error corresponding t6° so our
answer will be good to a few parts in a billion. Anyway, we nomol the kinetic energy of
the electron to be in the non-relativistic limit:

1 1
5m0262 =3 (511 x 10° eV) - (2.33 x 107%)* = 1.39 eV
Then fromE), = hv — ¢ we have
he 1240
) 3 39 150 39 37e

Serway problem 3.24
Answer: The Compton relationship is

h he

= / — —= — = —
AN = N =X mec(l cos ) 2 (1 — cosf)
1240 eV - nm
and the energy imparted to the electron is equal to the enestjipy the x-ray photon or
hc  hc 1 1
AE = —— —=he(— - ——
ST LS Wl W gy
= (1240 eV-nm)( ! )=T4.1eV

0.200  0.200 + 0.00242



Serway problem 3.25
Answer: The Compton wavelength shift is

he 1240 eV - nm
N = A= £ (1 —cosf) = ——=* 0
0 (1 =cosl) = == T ev

mc?
Let’s get the energy of the scattered photon:

No= X+ (N =)

(1 —cos30°) = 3.25 x 10~* nm

@ B he
N X+ (V=)
o 1 _ 1
Xo/hc+ (N = Xo)/he  1/Ey+ (N — Xo)/he
1
E = =278 x 10 eV

1/300 x 103 eV + (3.25 x 10~* nm) /(1240 eV - nm)
or 278 keV. The kinetic energy of the scattered electronas 800-278=22 keV.

Serway problem 3.28
Answer: By conservation of energy, the energy of the incident photost be 120+40=160
keV which means its wavelength is
he 1240 eV-nm

M= —=— = 775%x 1073 nm.
0= Fy 160 x 10° eV %

The angle of the Compton photon can be found from

N—X = h (1 —cosb)
mec
%—Z—z = 771602(1—0089)
m;j/C2 — mgsz = 1—cosf
MeC®  Mec?
cos) = 1+ B B
0 = arccos(l + i)—é(l) - %) = arcco$—0.0646) = 93.7°.

The recoil angle of the electron can be found from conseswadf momentum. In the
direction, we have a net momentum of zero before and therefver the collision, so (re-
ferring to Serway Fig. 3.24) we have

pysingd = p.sin¢

—sinf = ymeBcsing

)\l
¢ = arcsin he 1 = arcsin L
B XN yfmec?) yBmec? )
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Now for a 40 keV electron we havey — 1) = 40/511 or v = 1 + 40/511 = 1.078
which means the approximation ¢f= 1 + (1/2)3? is pretty good an@® = /2(y — 1) =

\/2(40/511) = 0.396. Therefore we have

. 120
¢ = arcsm(

1.078 - 0.396 - 511

) = 33.4°.

Serway problem 3.30
Answer: We're told that the maximum kinetic energy given to the elarcis £, = 30 keV.
The Compton formula maximizes the wavelength shift (ancetiergy transferred from the
incident photon to the electron) when the teftm— cos 6) is maximized, o = . In this
case the Compton relationship becomes

h h
)‘/_)\0:2—62 = )\/:)\0—|—2—62
mc mc
and at the same time the conservation of energy relatiomship
hc  he
By = ———
g oo N
hc)? h?
)\OA,Ek = hC()\/ — )\0) = 2( C)2 =2
mc m
h h?
Mo (Ao + 2—C2> E. = 2—
mc m
h h?
B\ +2E,—X—2— = 0
mc m
so we have a quadratic equation of the farmi + bz + ¢ = 0 which has solutions of
_ —bxb* —4ac
S 2a
—2Eh/(me) £ \JABZh2/(me)? — 4 - By - (=2)h? /m
= )\0 ==
2E}
2 2
h —2Eh/(me) £\ [2Bh/(mo)]” +2- [2B/(mo)]” - (me2/ )
" me 2Eh/(me)
h
= G (C1x T me B
mc

Now we are interested in positive solutions for the wavelengo we have

he mc?
= 1+
Ao mc2 ( + B, )

1240 eV - nm \/1”511 x 103 eV .
511 x 103 eV 30 x 103 eV

= 0.012nm




or £, = he/X\y = 104 keV.

Serway problem 3.36
Answer: The incident photon must have an energyFaf= E' + E;, = 80 + 25 keV, so its

wavelength is

he 1240 eV - nm
M=—=——"  =118%x 102 nm
0= B, 105 x 10° eV %

We can also find'' = he/E’ = 15.5 x 1072 nm. We then have

h
N—=X = —02(1—0089)
me
N =)\
- O9mc® = 1—cosb
c
N — )\
cosf = 1-— . % me?
c
,_
0 = COS_l[l—)\ )\Omcﬂ
c
155 x 1073 — 11.8 x 1073
_ —1 _ 3 o
= cos [1 50 511><10]_121

Serway problem 3.38
Answer: Here are some useful figures for the two parts of the problem:
(@) , @

[ ] 1 z
a 0
° ) do ®--- ._\__1.
<21> 2 b A
o [ ] 2d0
[ ] [ ]

<11> 1| d, <l1>
1 ® dl do [ J [ ] [ ]
o o o

(&) Solving ford, is easy:

do

d3 = 2d3 = dy = —= = 0.707 dy.

S

For d,, we haved = tan~'(1/2) and
dy = 2dysin() = 2d, sin(tan_l(1/2)) = 0.894 d,.

(b) There are three angles involved hefewhich is the angle of the lattice relative to the
crystal surfaced, = 45° for the (11) plane),f which is the Bragg angle relative to
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the lattice plane angle, arfdwhich is the angle of the diffracted beam relative to the
crystal plane surface. Examination of the figure above l¢ads= 0z + 6,, and the
Bragg condition i®d; sin 5 = nA. Sinced, = 45° for the (11) plane, we have

ni n
0 = Op+0, =sin"' | — | +45° =sin? + 45°
v <2d1> (2610/\/5)
.y ([1,2,3]- (0.626 x 10710 m) .
45
- ( 1414-(400x100m) )
= 51.4°, 57.8°, 64.4°.

Serway problem 3.39
Answer: From Bragg’s law we have

g A 1-0626x 10710
~ 2sinf 2sin(6.41°)

If you look at Serway Fig. P3.39, you see that a box of dimarsié has the four times 1/8
the mass of a Clion and four times 1/8 the mass of a Naion (because only an eighth of
the volume of each atom’s sphere is inside the box; the réstadjacent boxes). Therefore
the densityp is half the mass of a Clion and half the mass of a Ndon in a volume ofd®.
The number of atoms per volume(which here is eight 1/8s or one atom pet®) can also
be expressed in terms of the average molecular welgind Avogadro’s numbeWV 4 as

= 2.80 x 107'° meters

p (glcn?) - N4 (atoms/mo)
A (g/mol)
1 p-Na
a3 (0.5A¢1 + 0.5AN,)
(0.5Ac1 + 0.5AN,)
p-d®
(0.5-22.99 + 0.5 - 35.45) g/mol

= = 6.13 x 10** atoms/mol
(2.17 glen?) - (2.80 x 108 cm)3 8

n (atoms/cm) =

Ny =

which is about right!

Serway problem 3.44
Answer: If the electrons come off with a velocity @f2 x 10° m/s, they are clearly nonrela-

tivistic and we can find the kinetic energy from

1 1 1 4.2 x 10°

K= -mv?* = -mc*p* = (511 x 10° eV) - (—~—

M = g = 5BLXA07eV) - (55T

We can then find the photon energy to/be= K + ¢ = 0.50+ 3.44 = 3.94 eV. The energy
per square centimeter of surface is thier)55 W/m?) - (10-2 m)? = 5.5 x 10~% Joules/sec,

so the photon flux is

)2 =0.50 eV.

(5.5 x 1075 J/9

= 8.71 x 10" photons/
(3.94 eV/photon - (1.602 x 10-19 J/eV) 8.71 x 10** photons/sec
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and we can't possibly get more than one electron per phottinsa the maximum number
of electrons emitted as well.

Serway problem 3.46
Answer: This is a problem where it's a bit too ugly to wait until the elodolug in numbers.
We have)\; = 0.500 nm andd = 134° so

he

N—=X = mc2(1—cos€)
he
PUES )\0+m—02(1—0089)
1240 eV-nm
= 0. nm+ —— (1 — 134°) = 0.5041 nm.
0.500 +511><103eV< cos 134°) = 0.50

Conservation of energy then says

he  he 1 1
Ep=— -+ =(1240eV-nm — =20.2eV
= v ) (0.500 nm  0.5041 nm>
so the electron is very non-relativistic and we can Bse= p?/(2m) or p = /2mEj as a

way to find the electron’s momentum. Our conservation of mauona relationship is that
Py.), = Dy OF if we say that the electron scatters down at an apgle have

h
ysmﬁ = /2mE}sinp

hsm@
(p g

(1240 eV - nm) sin(134°) P
(0.5041 nm) - /2 (511 x 10° eV) - (20.2 eV)

o (vm
- (AV%)



