PHY 251 Fall 2008: homework problem set 4

3.10: We divide power by energy per photon:

100 x 103 J/s

— 30
(663 x 1031 J-5)(94 x 1065 1) 1.6 x 10°” photons/sec

so we’d be hard put to see individual radio-wavelength photons
3.12: The energy per photon 8 = hc/\ so the photon flux i$?/ E or

10J/s 10 J/s
he/X  [(1240 eV - nm)/(589.3 nm)] - (1.602 x 10-19 J/eV)

= 2.97 x 10" photons/sec

3.15: From E;, = hv — ¢ we find that we need a frequency of= ¢/h = (4.2 eV)/(4.136 x
10715 eV-s) = 1.02 x 10'® Hz, or a wavelength ok = ¢/v = 2.99 x 108/1.02 x 10% =
2.93 x 10~ m or 293 nm. If we instead use = 200 nm light, we have a photon energy
of he/A = (1240 eV - nm) /(200 nm) or 6.2 eV, leaving 2 eV of kinetic energy or a 2 \olt
stopping potential.

3.16: From E, = hv — ¢ we can write

he 1240 eV - nm
- B= X g= T EU T 9936V =1.90eV
o=hv—Bi="1-5 300 nm

3.20: We can write the following equations, realizing that the work function is the same in the
two situations:

Eyax = N

Eyo = 2——

If we subtract the first equation from the second, we hWaye — E).; = (hc)/\ or

he

P
Eyo— Eg;

We can then substitute this in the first equation and solve for the work fungtion

o hC Ek72 — EkJ

o= — B =he="2 — By = Epy — 2B, = 4.00 — 2-1.00 = 2.00 eV.
&

3.22: Start withF” = ma )

quB = mZ- leading togBr = mv
r



which gives _
gBr 1.6 x107192 x 107°-0.2 s
= = =1. 10° m
S 9.11 x 1091 703 > 107 mis

from which we can say that
B=uv/c=(7.03x10%)/(3 x 10*) = 2.33 x 10>,
The non-relativistic approximation is a good one. Thus the kinetic energy of the electron is

1 1 1

§mv2 = 5ch =5 (511 x 10 eV) - (2.33 x 107*)* = 1.39 eV
Then fromE), = hv — ¢ we have

hc 1240
= ——139=——-139=137eV
o) 3 39 150 39 37e
3.25: The Compton wavelength shift is
hc 1240 eV - nm
= = A °) =3.25 x 1074 nm
A —Xo mc2( cos @) T % 10° eV( cos 30°) = 3.25 x 10

Let’s get the energy of the scattered photon:
No= X+ (N =XN)

@ B he
N A+ (V=)
oo 1 _ 1
Ao/hC—‘—()\/—)\o)/hC 1/E0+(>\,—)\0)/hc
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 electron is then 300-278=22 keV.

3.28: By conservation of energy, the energy of the incident photon must be 120+40=160 keV

which means its wavelength is
hc 1240 eV-nm
N=— = — =T775x 107 nm.
"T B, T 160 x 10° eV 8

The angle of the Compton photon can be found from

h
N—X = (1 —cosb)
mec
h h h
ne_ e ‘ (1 — cosf)

£ E, M2

MeC®  MeC?

= 1- 0
E’ Eo COS
0 1+m602 mec2
COS = —
Ey £
511 511
0 = arccos<1 —>_arcco —0.0646) = 93.7°.
+160 120 $—0.0646) = 93.7

2



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

pysingd = p.sin¢

v sinfcpy sinf = ¢pesin @
i.e. with £ = ¢p for a photon
. Ey .
3 = 0 1
sin(0) = - sin(o) @

Now the energy and momentum are related for an electron

E? = (mec®)? + (cpe)? (2)
SO
(Cpe> = E? — (m602)2 (3)
V(511 +40)2 — (511)? (4)
= 206keV )

Putting £, = 120keV andf = 93.7 andcp. = 206keV we have

¢ = 33.4°. (6)

3.36: The incident photon must have an energygf= E’+ E), = 80+ 25 keV, so its wavelength

IS
he 1240 eV - nm )
= = —118x 102 nm
E, 105 x 103 eV %

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

Ao

h
N—=X = m;(l — cosf)
N =)
. Omec® = 1—cosf
c
N — )Xo
0 = 1-— 2
cos o
,_
f = cos_l{ — A )\Omcﬂ
c
155 x 1073 —11.8 x 1073
_ —1 _ 3 o
— cos [1 10 511 x 10 } — 121



