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- none due to the exam.

Monday, March 2, 2015

Chapter 24

Questions

Chapters 19 & 24

Questions

24.1 Based on special relativity we know that as a particle with mass travels near the speed
of light its mass increases. In order to accelerate this object from rest to a speed near
that of light would require an ever increasing force (one that rapidly becomes larger by
a factor of y.) There are no known forces that could accelerate a particle with mass to
the speed of light in a finite amount of time and with a finite amount of energy. So for
objects with no rest mass, as they travel at the speed of light, there mass does not
increase with increasing speed and we avoid these problems of accelerating the
massless particles.

24.6 The Compton shift in wavelength for the proton and the electron are given by
h h
ALy = (1=cos@) A2 =——(1-cosg)

e and e respectively. Evaluating the ratio of
the shift in wavelength for the proton to the electron, evaluated at the same detection

Al —27
p _m, 1.67x107 kg 1 —5%10

= = —— =
angle ¢, we find AA, m, 9.11x10 kg 1833 . Therefore the shift in
wavelength for the proton is smaller than the wavelength shift for the electron.

Multiple-Choice
19.16 D
19.17 A

Problems

3x10° =
f=S= 20 s —55%10"s
19.15 The frequency is given as A 55%107"m

19.17 A Neodymium-Y AG laser

a. The number of photons is given as the total beam energy divided by the energy

_> L 1.06%10°m=133x107
h% 6.63x107* Jsx3x10° =

per photon, or



b. The power in the beam is the energy delivered per unit time, or

_AE_ ST _si0w=56w
At 1x107s i
pe 5J ><10pulses — 50w
c. The average power output of the laser is pulse Ls
19.18 The range of frequencies is given as
3x10° 2
Frooy = ——— = S =75%10" Hz
Asoonm  400Xx107" m
10°
from=— = X8 0,
through Asorm 150X107 m
Ezh—c=hf
The energies are given by A which for 750 nm the energy is
6.63x107* Js \3x10° 1
E= ( S)_(9 x): 2.65><10‘19J><6—V_19 =1.66eV
750107 m 1.6x107"J
while the energy for the 400 nm photon is
63x107Js J3x10° 1
E:(6 63x10 Js)_(93 0 S):4.97><10—19J><"’—V_19:3.11e1/.
400107 m 1.6x107"J

19.20 The energy of the emitted photon is equal to the difference in energies of the two

1.6x107"
AE =—1.51eV —(=3.4eV )= 1.89ep x 2O 5 o100
levels: leV . Then
E
setting this energy equal to A we find
6.63x107* Js x3x10° 2
a=te. S s —6.58x107 m = 658nm
E 3.02x107°J .
19.21 Another Neodymium-Y AG laser
a. FEach photon has an energy given by
6.63x107* Jsx3x10° =
E=" S s _374x107°
A 532x10" m per photon. Similarly the

-34
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p = -
momentum is A 532x107m per photon.



24.1

b. Since the total energy is 5J, we calculate the number of photos by dividing the
total energy by the energy per photon. Thus we have

P _ >/ =1.34x10"

#= =
E -19 J
A oron 31107

photons.
c. In [ ns, if all the photons in part b are absorbed, each carrying a momentum p,
then the force is the total change in momentum and is given by

1.25x107%7 km

F:NAp=1.34><1019>< s =16.7N

At 1107 s

Relativistic energy and momentum for an object of mass m.
For an object with a m = Ikg rest mass, it has a rest energy of E = mc” = 9x10"° J.
1

V= v2
==
The Lorentz factor is given by: ¢, with the relativistic momentum p =

ynv, and the relativistic energy E’=p’d +m’c’

a. For a velocity of 0.8c,
1 1

;/_\/ 2 J1-064
==

C

1.67

The relativistic momentum and energy are therefore,

p=mv=167xlkgx0.8x3x10" 2 =4.0x10" 2=,

E=\p’c +mc* =(8.0x10° % x3x10° =) +(0x10° ) =1.5%10"
b. Following the procedure in part a, for a velocity of 0.9c,

1 1
_ - ~2.29
4 \/ v A1-0381

==

¢ , the relativistic momentum is 6.79x/ 0°

kgm/s, and the relativistic energy is 2.07x10"" J.
c. Fora velocity of 0.95c¢, y= 3.20, the relativistic momentum is 9.73x/ 0° kgm/s,
and the relativistic energy is 2.88x10" J.
d. For a velocity of 0.99c, y= 7.09, the relativistic momentum is 2./ /x/ 0’ kgm/s,
and the relativistic energy is 6.387x10"" J.
e. For a velocity of 0.999¢, y= 22.4, the relativistic momentum is 6.70x10’
kgm/s, and the relativistic energy is 2.0x10"® J.



24.2

For an electron with rest mass 9.17x107" kg, it has a rest energy of E = m¢’ =

1

}/:

v

8.199x107"* J=0.511 MeV. The Lorentz factor is given by: ¢’ , and
the relativistic momentum and energy are given respectively as p = ymv and

E=4p’c*+m’c’

a.

For the electron with a velocity of 0.8¢, g = 1.67. The relativistic momentum
and energy are therefore,

p=ymv=167x9.11x107 kg x0.8x3x10" 2 =3.65x107 = |

E=\p’c +mc* =/3.65x10 52 x3%10° =} +(8.199x10~14J )" =1.37x10"
Using the fact that /.6x1 0”J=1 eV, the relativistic energy is given as

E=137x10"Jx leV =0.855%10%eV = 0.855MeV

1.6x107°J . Further it can

— ne? =
be shown that the total relativistic energy is given as E=yne” =1, . Thus
the relativistic energy can be computed in a more efficient method.
E=9 , =1.67x0511MeV =0.855MeV

Following the method outlined in part a, for a velocity of 0.9¢, y= 2.29. The
relativistic momentum is therefore,

p=ymy=229x9.11x10" kg x 0.9x3x10" 2 =5.63x107 ==,
E=)E,, =229%x0511MeV =1.17MeV

For a velocity of 0.95¢, y= 3.2. The relativistic momentum is therefore,
p=mmv=32x9.11x10""kgx0.95x3x10° 2 =8.31x10 7> 2

s and
E=y_,6 =32x0511MeV =1.63MeV

For a velocity of 0.99¢, y= 7.09. The relativistic momentum is therefore,
p=ymmv=7.09x9.11x107" kg x0.99x3x10°* 2 =1.92x10 7" &

s and
E=9 6 =7.09x0.511MeV =3.62MeV

For a velocity of 0.999¢c, y= 22.4. The relativistic momentum is therefore,
p=ymv=224x9.11x10"" kg x0.999x3x10" 2 = 6.12x 107> &

s and
E=) 6 =224x0.511MeV =11.45MeV



24.4  The relativistic momentum and relativistic energy are given as £ = " and

_ 2
E=yme respectively. To show the relation between energy and momentum,
equation (24.8), we start by squaring the relativistic energy. This gives us
2 _ .2 2 4
ET=ymc . Next, we use a mathematical “trick.” We add and subtract the
same quantity from the right hand side of the equation we just developed. The
quantity we want to add and subtract is v’. This produces factoring out a factor of
2 .2 2 2(.2 2 .2 . .
2 E =ymc (c Ty ) Expanding this result we get

2 _ 2 2.2 2 2.2 2( 2 2 o . .
E-=ymcvi+ymc (c V). Recognizing that the first term is nothing
E? :pzcz+}/2m2c2(cz—v2)

more than p’c’ allows us to write . Factoring out a

2
E? = p202 n 7/2mzc4[1—v—2]
¢ from the 2™ term on the right hand side give us ¢

2 2
The quantity € Jis simply Y . Therefore we arrive at the desired result,
E2:p202+m204

1.6x107"
12x10°ep x 210 T g 93510
247 Fora leV photon,
-13
po 192x10 : T _6ax10-" b
a. 1its momentum is given by ¢ 3x10°%

b. its wavelength is given by the de Broglie relation
1= h _ 6.63x107* Js

-12
b 64x102 ke —1.04x10"2m

3x10%
f=S = —29x10%s
c. its frequency is given by A 1.04x10""m :

24.8 Photoelectric effect in cesium
We are given the work function for cesium is ¢ = 2.9 eV = 4.64x10™" J.
a. The maximum wavelength corresponds to the minimum frequency. Therefore,

¢ 4.64x107"J

R 7.0%x10"s™". From
. S

KEmin = hfmin - ¢ = 0 WhICh gives fmin =

3x10% 2
c= min/lmax %/Imax = fc = 7 O 10143_1 :428X10_7m =428nm




b. If 400nm photons are used, their energy is given by

249

34 8 m
p=he 003XI0 x0Ty og 10—V 3 qer

A 400x10°m 1.6x107"°J
Therefore the maximum kinetic energy is given as

-19
KE .. =hf—¢=3.11eV—2.9eV=0.21eVXM=3.33><10_2°J.

leV
A 1 W beam of photons corresponds to / J of photons incident per second. In 1 J
1J

4.97x107™" -2

photon

of photons there are =2.01x10"® photons. If the photo ejection

of an electron is 100% efficient, then for each photon lost, one electron is
produced. Thus the photocurrent is the amount of charge produced each second,
where 1 electron has 7.6x10™"° C of charge. This corresponds to a total charge of
0=2.01x10"x1.6x10""C =0.322C of charge in / second. Therefore the

photocurrent is 0.322 A = 322 mA.
If green photons are used with a wavelength of 500 nm, this corresponds to an
energy of

6.63x107* Jsx3x10* =
p=le. o= : :3.98><10‘19J><16—V_19=2.496V.
A 500x10° m 1.6x107°J

The maximum f'that will allow for photo ejection of electrons is the one where the
electrons are ejected with a maximum kinetic energy equal to zero. Therefore
KE . =hf,., —¢=0,and solving for ¢ we obtain Af , =@ =249V .

The maximum KE is given by the product of the stopping potential (0.82V) and
the electron’s charge (¢’). Thus the maximum KE =eV,  =0.82eV . This is

stop
equal to the energy of the photons incident minus the work function (the
minimum energy needed to eject a photoelectron). In symbols,

KE,. =if ~9="% ¢

-0 —¢=229%V

6.63x107* Jsx3x10% = leV
—0.82¢V = - = X T
400%10~° m 1.6x107°J



