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1. Simple blackbody radiation question

2. Relativistic particle decay using energy and momentum conservation......

3. Photoelectric Effect plus simple electron wave property

4. Compton Effects

5. Electron Probability Calculation

6. Normalization of wave function
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Energy is conserved: Eqn=Ec+Ep
Momentum is conserved: P4 = Pc + Pp
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A pion at rest decays into a muon plus a neutrino (Fig. 3.5). Question:
What is the speed of the muon? Speed is usually inconvenient to use.

What is the momentum of the muon?

T Uty

Tg / g Figure 3.5 Decay of the charged pion

Before After (Example 3.3).

Solution. Conservation of energy requires E, = E, + E,. Conservation
of momentum gives p, = p, + p,; but p, = 0, so p, = —p,. Thus the muon
and the neutrino fly off back-to-back, with equal and opposite momenta.
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Light Photoelectric effect: Light
absorbed by a surface causes
electrons to be ejected.
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Light Photoelectric effect: Light
absorbed by a surface causes

electrons to be ejected.
0] ©)

® Electrons

\ Y Frequency
-------- [o eject an electron
the light must supply

Stopping Potential

)

o > O *nNerovy E
) <@ enough LI]LIC}‘I() : . %
! { overcome the forces G -
: .
holding the electron E e
O =™ BN _.Y_L‘_.__.__,—__ S >
ight

Q @ g in the material. Intensity

{BANR YR SR e 20 LK FHEE = TR ZUEST

Bt E TR EAA E LU IS E ARG YR SHRE - SEE LSS = A HERUR -
BT EHYEERE - ARERENY - SEAERHOCRIER - AEAEL B -
e (EYCE THREERBRVAE  tEUEGHIR - HARARMIERARE -
IESF R ZEE ARSI N T HYREE © £ = hy

YEsRRE FURE T8 E - RIS AR e » NP B — BBy AR/ -




G AECERT - REHIEHEUL RV DAV IRZREE - E 4R (% |
Phatacjectnons .sible. Ultraviolet

@
Vo
Light
/W‘/\ 3.0
a
S 2.0
(A0
W,
QU
1.0 Cutoff 3
frequency S i { = b
Y. Vo (
i pd
-, 0 ,
var ‘:1)1' 9 4 6 8 10 12
) )l\ - . . . é
©2004 Thomson - Brooks/Col 2 l‘l'('qll('lll“\' of incident llg’l]l [( 1 ()I : Hz)

R eV T HHBATIAE - TSRS R

eVo=K,=hv-w y ", W

e e
GETHIREEMECET E = hy

=GR TG AR AT FE e iR Y PR 4HAE ¢ Work Function @ W = hy
WETREEMWERW » v < v, » BIEEITHET -
AR HRIREIE Planck B Bk e i 22 5 HISHE BE 7 3 S 2 - “'

AR

><\

\
\



Yt Photon 7y

ELEMENTARY
PARTICLES E =

v
-
D
g
—
©
O
)
&S
—
®
Ll

< neutrino muon neutrino tau neutrino
5 ! l |

oM I

Three Generations of Matter

h=6626x10"3*]-s=4.136x10"1°eV -5

ahoton

K



EEF L {ETIE Compton Scattering

Scattered

photons/

Detector

® 4 "u,‘(j X ray ‘ {
. i e T Ta— source The change in

for A W VAN B I /\
¥ ,' V ,) ~ A ,.»D/ ¢ wavelength
(b) Quantum model O \,\ Q‘ri; Il’lCld@l’lt I del)ends on the
- ‘ Target -

photons angle at which
the photons are

4 scattered.
©2004 Thomson - Brooks/Cole © 2012 Pearson Education, Inc

>

KT EETHHE - K THRGHE - Wb Eg5gE -
2 SIURIE A e — R R -

U



B EHTSCE BN A G RE
ML RV LB A -

ol
¢i=0° .\" (}):-vsi' =%
p /
* .' . y /
= /

Intensity
Intensity

a1
\
A
<

L
o
L] N\ y ",,7 e s
L %‘ ‘CJ b N

70 75 70 75 e
Wavelength (pm) Wavelength (pm) Pe

{*X ¢ = 9()° E'
J : .7 T .
J Conservation of o P
% . - p' e
e A A U % momentum during N [0
P

Intensity
[ o
W
L ]

Intensity

70 75 70 75 Compton scattering
Wavelength (pm) Wavelength (pm)

h
M =h=—(1~cosd) HRAHM -

frdEEr « BN ERFIEIE A/ Np| 0 A LEEIESHE -
B SE N iV sE = DA B & A/ Np|Fs - FH EEEESFIN -
vo(@) +e (@) - v° (@) +e (®)



DI Fa e = 90° Fyfd]

6. A 100-keV photon collides with an electron at rest. It is scattered through 90°. What is its energy
after the collision? What is the Kinetic energy in eV of the electron after the collision, and what 1s
the direction of its recoil?
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4.
A wave function ¥ is A(e™ + ¢ ™) in the region
— < x < 7 and zero elsewhere. Normalize the wave
function and find the probability of the particle being
(a) between x=0 and x= /8, and (b) between
x=0and x= 7/4.

Sol:

Using the Euler relations between exponential and trig functions, we find
W= A(e” +e‘ix) =24cos(x).

Normalization: I_T W wdx =44° J-_T cos’ (x)dx =44°7=1. Thus A= 1 .

i

(a) The probability of being in the interval [0, 7 /8] 1s

7/8

e J.:/S W wdx = % J.:/S cos’ (x)dx — %(§+ % sin(2x)]
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1
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(b) The probability of being in the interval [0, 7/ 4]1s

=0.119.

/4
P _‘-mw'tydx = —jmcos (x)dx = - (%+isin(2x)j

/10

:1+L:0.205.
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Consider a wave packet formed by using the wave function
Ae~® where A is a constant to be determined by normaliza-
tion. Normalize this wave function and find the probabilities
of the particle being between 0 and 1/a, and between 1/«
and 2/a.

Strategy This wave function is sketched in Figure 6.1. We
will use Equation (6.8) to normalize ¥. Then we will find
the probability by using the limits in the integration of
Equation (6.7).

Solution If we insert the wave function into Equation
(6.8), we have

Wave function

Position

Figure 6.1 The wave function Ae ®¥ is plotted as a function
of x. Note that the wave function is symmetric about x = 0.




Consider a wave packet formed by using the wave function
Ae M where A is a constant to be determined by normaliza-
tion. Normalize this wave function and find the probabilities

of the particle being between 0 and 1/a, and between 1/a
and 2/a.

Strategy This wave function is sketched in Figure 6.1. We
will use Equation (6.8) to normalize W. Then we will find
the probability by using the limits in the integration of
Equation (6.7).

Solution If we insert the wave function into Equation
(6.8), we have

oo
J A2 gx = 1
—00
Because the wave function is symmetric about x = 0, we can
integrate from 0 to oo, multiply by 2, and drop the absolute
value signs on |xI.

* 24 >
QJ’ AQe—an dx=1= —2ax
0 _2(1 0
_A2 A'Z
1=—"@-1)=%=

The coefficient A = Va, and the normalized wave func-
tion ¥ is

V¥ = Vae
We use Equation (6.7) to find the probability of the particle
being between 0 and 1/a, where we again drop the absolute
signs on |x| because x is positive.

1/a
P= J' ae 22 dx
0

ave function

Position

Figure 6.1 The wave function Ae % is plotted as a function
of x. Note that the wave function is symmetric about x = 0.

The integration is similar to the previous one.

1/a 1
P=——¢%x| = _——(¢2—1)~ 0432
—2a 0 2
The probability of the particle being between 1/a and 2/a
is
2/a
P= J ae 2 dx
1/a
2/a
o 1
P= e~ 2ax =——(e* = ¢72) = 0.059
—2a 1/a 2

We conclude that the particle is much more likely to be
between 0 and 1/a than between 1/a and 2/a. This is to be
expected, given the shape of the wave function shown in
Figure 6.1.



