Chapter 30

Quantum Physics

Answers to Even-numbered Conceptual Questions

2.

10.

12.

14.

16.

If energy is quantized, as suggested by Planck, the amount of energy for even a single
high-frequency photon can be arbitrarily large. The finite energy in a blackbody simply
can’t produce such high-frequency photons, and therefore the infinite energy implied by
the “ultraviolet catastrophe” cannot occur. In classical physics, any amount of energy can
be in the form of high-frequency light — the energy does not have to be supplied in
discrete, large lumps as in Planck’s theory. Therefore, classical physics implies that all
frequencies of light have the same amount of energy, no matter how high the frequency.
This is what leads to the “catastrophe.”

Planck’s theory of blackbody radiation implies a one-to-one relationship between the
absolute temperature of a blackbody and the frequency of light at the peak of its radiated
energy spectrum. This relationship is given by Wien’s displacement law (Equation 30-1).
Therefore, by measuring the peak in the radiated energy from a star, we can tell its
temperature. In broad terms, a blue star is very hot, a red star much less so, and a
yellowish star like our Sun is intermediate in temperature.

If two blackbody curves intersected, there would be a range of frequencies where the low-
temperature blackbody gives off more energy than the high-temperature blackbody. In
this frequency range, then, it would be possible for energy to be spontaneously transferred
from the low-temperature body to the high-temperature body, in violation of the second
law of thermodynamics.

A monochromatic source of light means — literally — that it emits light of a single color.
This means that all the photons emitted by the source have the same frequency, and hence
they also have the same energy.

A photon from a green light source always has less energy than a photon from a blue light
source, and always has more energy than a photon from a red light source. The reason for
this is that the energy of a photon depends linearly on the frequency of light; that is,
E=hf.

The likely explanation is that the second metal has a greater work function than the first
metal. In this case, a shorter-wavelength photon — that is, a photon with higher frequency
and higher energy — would be required to supply the additional energy needed to eject an
electron.

Note that increasing the intensity while holding the frequency constant simply means that
more photons — each with the original energy — strike the metal surface per second.
(a) Stays the same. (b) Stays the same. (¢) Increases. (d) Increases.

Classically, it should be possible to eject electrons with light of any frequency — all that is
required is to increase the intensity of the beam of light sufficiently. The fact that this is
not the case means that the classical picture is incorrect. In addition, the fact that there is a
lowest frequency that will eject electrons implies that the energy of the photon is
proportional to its frequency, in agreement with £ = if.
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18. The scattered photon moves in the opposite direction to the incoming photon. To see this,
suppose the initial photon moves in the positive x direction. This means that the initial y
component of momentum is zero. After the collision, we are given that the electron
moves in the positive x direction — it has no y component of momentum. Therefore, the
scattered photon must also have zero y component of momentum, which means it will
propagate in the negative x direction.

20. As your car accelerates, its momentum increases. It follows from Equation 30-16, A = h/p,
that your de Broglie wavelength decreases.

22. To double the electron’s wavelength we must halve its momentum. This means, in turn,
that we must decrease its kinetic energy by a factor of four (recall, K = p*/2m). Therefore,
the electron should be accelerated from rest through the potential difference Vy/4.

24, (a) Increasing the mass of the particles implies that their momentum increases as well. It
follows from Equation 30-16 that their de Broglie wavelength decreases. Therefore, from
2d sin @ = mA we see that the interference maximum will be at a smaller angle.
(b) Increasing the energy of the particles also implies that their momentum increases.
Therefore, we again expect a smaller angle for the interference maximum.

Solutions to Problems

L. fpeak :(5.88><1010 g1 'K_l)T
_3.09x10" Hz
5.88x10'0 s71. k7!

SETS

2. fpeak = (5.88><1010 . 'K_l)T

=(5.88x10'0 7! -K‘I)B(% —32)+ 273.15} K

=|1.81x10" Hz

3.oox108?

pet o 2R o]

£ 1.812x10"3 Hz

3. (@) fpeak =(5:88x10" s KTHr
=(5.88x10"% s7'. K 1)2.7 K)
=|1.6x10" Hz

0 1 3.00x10° ™
T/ 16x10' Hz

SIELT)

4. fpeak = (5.88><1010 g1 .K*I)T
= (5.88x10'" s71. K 1)(5800 K)
=|3.4x10" Hz
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5. (a) Since fpeq o T, doubling T increases fpeq by a factor of .
(b) Tg =Tc +273.15
20.0+273.15
6. (@) foar =(5.88x10" s .KHr

=(5.88x10' 571 . K71)(2900 K)
=|1.7x10" Hz

(b) Since the peak frequency is that of infrared electromagnetic radiation, the light bulb radiates more energy in
the than the visible part of the spectrum.

7. (a) Since fpeq T, the bulb has the higher peak frequency.

Jhal _ That _ 3400 K
py Zhal _ ‘hal _ 2T R
® =TT T 2900k

std

(©) fia =(5.88x10'0 s71.K71)(3400 K) =2.0x10'* Hz
fua = (5.88x10'0 571 K1)(2900 K) =1.7x10'* Hz
The bulb produces a peak frequency closer to 5.5x10'* Hz than the standard incandescent bulb.

8. (a) is the blue star. Since A o

wavelength, and Ay, < Ayellow -
fa Ty 4700K
p) A_ZA_ TP 1036
(b) fz Ty 13,000 K
k
9. ) w=,—=2xf
m
1215N
ro koL ——m _14792x10" He
2z \m 27 \[1.340x107° kg

(b) E=hf =(6.63x107415)(4.792x10"* Hz) =|3.18x1072 J

| B L
and fpeae < T, A o< T Higher temperature implies a shorter
peak

he
A

10. E=hf =
_E_

-19
_—6'5“034] —| 9.8x10' Hz
h 6.63x107%]-s
-34 8
he  (6:63x107435)(3.00x10° 1)

2=2
E 6.5x1071%7

SEUm
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3
11. £=£= 2;0)(10 w 3 =|3.9x10% photons/s
E hf (6.63x107% J-s)(970x10° Hz)
(6.63x107* J.5)(3.00x10% m
12. g=le (9 s)= 3.95x10718 J
A 50.4x10~ m
P P 1.
13. —=—= 3 oW m =|2.9x10'8 photons/s
E nf (6.63x107% J-s)(5.2x10'* Hz)
14. Ko, =hf —W,
WO =hf_Kmax
_ -34 14 -19
=(6.63x1073* 1-$)(9.95x10'* Hz)-0.180x107° J
= 6.42x1071 J
15. Koy = hf =W,
_Kmax+W0
S h
-19 —-19 ]
_648x10 J+(4.58eV)(1.60><10 W)
6.63x107% J -5
=|2.08x10" Hz
he
16. (a) £E=—
(a) P
Ewtal _ AEroual _ (350x107° m)(2.0 J)

=|3.5x10'® photons

Ephoton  he (6.63x10_34J-s)(3.00><108 ?)

-9
®) (750x10~ m)(2.0J) =|75x%x10'8 photons

(6.63x10734 J-s)(3.00><108 %)

17. (a) Each photon has energy E = hf = %

-9
P_AP_ (650x10° 7 m)(25 W) =|8.2x10" photons/s

E  he (6.63x10_34J's)(3.00><108?)

(b) Multiply the rate of photons by the ratio of the area of your pupil to the area of a sphere with radius 15 m.

0.0050 m

T

[8.2><1019 phomns) (" 2) =|5.7x10'"! photons/s
s ) 4z(15m)

18. (a) The rate of emitted photons is determined by the ratio of the power to the energy of a photon. This ratio is
inversely proportional to the frequency of the emitted photons. So, the station with the lower frequency has
the highest rate of photon emission. Therefore, emits more photons per second than station B.
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(b) Since the energy per photon is directly proportional to the frequency of the photon, the station that broadcasts
at the higher frequency emits the higher energy photons. So, emits higher energy photons than
station A.

e

A
kcal 1 4186 J
(104'2nwl)(6,02x1023m1uu1“j( 1 keal )
_ - mol — 1.09><1015 Hz
6.63x107°7 J-s

3.00><108%

£ 1.09x10" Hz

19. (a) E=hf

£
h

f=

(b) The photon lies in the region of the electromagnetic spectrum since Ay <400 nm.

-9 -3
fzﬁ_(632.8><10 m)(1.0x10 W): 32x10'3 photons/s

20. (a) =
E  he (6.63><10_34J-s)(3.00><108 %)
¢ 3.00x10%m o
(b) f=—=—gs: 4.74x10'" Hz
A 632.8x107 m
(8) =~ el
21. (a) Elred _ _ he  _ Ared Fred _ (650 nm)(150 W) 8551
' Vi Aplue Potue A B 460 25 W :
( E)bme Sotwe e Appye Foiue (460 nm)(25 W)
So, [Ej > [ﬁj . The bulb emits more photons per second than the blue bulb.
E red blue
_he
(b) Ered _ Ared _ ﬂ’blue _ 460 nm <

Epye ﬁ Ared 650 nm
So, Ereq < Epjye- The bulb emits photons of higher energy than the red bulb.

(¢) Red bulb
p oap  (650x107 m)(150 W)

=| 4.9x10%° photons/s

E  he (6.63><10_34J-S)(3-00X108%)

Blue bulb
(460x107 m)(25 W)

=|5.8x10" photons/s

(6.63><10_34J-s)(3.00>< 108 %)

-34 8
he  (6:63x10743-5)(3.00x10° )

. Wy=E=— =]7.53x1071 ]

264x107° m

280



Physics: An Introduction Chapter 30: Quantum Physics

23. (a)

(b)

24. (a)

(b)

25. (a)

(b)

26. (a)

(b)

Since higher frequency implies higher energy, and since Wy, > W,, requires higher-frequency
light to produce photoelectrons.

-19 ]
wy (428 eV)(1.60><10 W)

fag =—2AL =[1.03x10'° Hz
h 6.63x1074J s
-19 ]
W, (2.87eV)(1.60x10" "~ =
foa=—2= ( = eV): 6.93x10'* Hz
h 6.63x107%J s
. he L o .
Since Kyax =hf =Wy = i Wy, alonger wavelength implies a smaller kinetic energy. So, the beam with

wavelength produces photoelectrons with greater kinetic energy than the beam with wavelength A, .

(6.63x1073 J~s)(3.oox108m

leV
S )(1.60><10_19J)_1'9 eV=

Kmax,A = "
620x107" m
62107 19 30010 1) L)
Kmax. = = ~19eV=|l1eV
. 410x10° m
The difference in energy between the incident photons and the work function of the metal is the

photoelectron’s kinetic energy. So, if two different metals are illuminated by photons with the same energy,
the metal with the smaller work function will emit photoelectrons with a greater maximum kinetic energy.

Therefore, since Wy < Wy, emits photoelectrons with the greater maximum kinetic energy.

he
Kmax 7 Wo
(107 1930010 1) )
Knax, zn = 60407 1) 4336V =[0.19 eV
S 275%x10° m
a0 1 9(300x10" )5 80)
Kimax, ca = == ~422eV=]030eV
- 275%x10”° m
- leV
Kmax = hf — Wy = (6.63x10% J-5)(7.90x 10" Hz)(—J_z_M v=l103ev
- 1.60x10717 J
No electrons are ejected from the potassium surface at photon energies lower than W;,. Set K., =0.
O = l’lf - WO
hf =W,
Wo
7=
_ 2.24 eV
B34y gLy
(663107 S)(1.60x10'19 J)

=5.41x10" Hz

The range of frequencies for which no electrons are ejected is [4.00 x 10" Hz < f<541x% 10" Hz.
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_ leV
27. () K, =hf —Wy=(6.63x107* J.5)(9.00x10'® Hz)(—j—4.28 eV =-369 eV
max 0 1.60x10719 J

(b) No electrons are ejected from the aluminum at photon energies lower than W,. Set K., =0

0=hf —W,
hf =Wy
"
/= h
_ 428 eV
=34 1. 1eV
(6.63x10734 J S)(1.60><10’19 J)

=1.03x10"° Hz

The range of frequencies for which no electrons are ejected is |4.00 x 10 Hz < f<1.03x 10" Hz.

28. (a) Since K.« =hf —W;, the photoelectrons emitted by the metal with the smaller work function will have the

greater kinetic energy. Since Wp; > Wk, the electrons ejected from the surface will have the greater
maximum kinetic energy.

_ leV
M) K =(6.63x107>* J.5)(1.88x10" Hz)(—j—6.35 eV=|144¢eV |
max, Pt 1.60X10_19 J -

_ leV
K =(6.63x107* J.5)(1.88x10"° Hz)(—)—4.50 eV=[329eV |
max, Fe 160X10_19 J -

29. Kpax =H W,
Wo = hf — Kipax
hfl _Kmax,l = hf2 _Kmax,Z
h(fl _f2 ) = Kmax,l _Kmax,2
K

max,1 _Kmax,Z
h—r
~1.260x107"7 1-2.480x107"7 )
© 547.5x10'2 Hz —738.8x10'2 Hz
= 6377x1073* J-s

-13 W\, (0.0085 m\?
U in? (5.0><10 —J;;(%)

30. = ) m o =| 61 photons/s
E  hf  (6.63x1077 J-5)(7.0x10'" Hz)

31. (a) p=

A=

S N SN

_6.63x107% J.s
5.1x107% kg
S

-[i5en]
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(b) The wavelength is than the size of the holes in the metal screen.

32. Set pejectron = Pphoton -

meyv _h
2 A
=z
mh |V
h c?
m2/12v2 l—ﬁ
n? - ?
Lomg A% o
—2 5 v =1
c h
1/2
1 my*A?
VIl 2T 2
c h
a1-1/2
{ 11102/1202
=c|1
h2
-1/2

(9.11x107*! kg)?(0.35x10™ m)? (3.00x108?)

3.00x108 Ej 1+ —
(6.63x1073% J.5)

Il
TN
n

2.1x10° m/s

33. Set Pphoton = Pelectron -
h _ m()V

A 2
1=
Lo ]
m()V 6‘2
2
—34 m
6.63x107>* J-s 12008
3.00><108?

 (9.11x107 kg)(1200™)

~[eivm]
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34. Set Pphoton = Pneutron

B mev
c 2
1-v

6’2

cmov
e
h1-%

CZ

(3.00><108 %)(1.675“0_27 kg)(lSOO%)

(663x1074 J-s)\/l—(

=|1.1x10'® Hz
35. PH = Pphoton
mov _ h
2 A
1—v-
c2
/1m0v: | V2
h 2
/12m02v2 | v
h? 2

Il
w
[\
[
5

I

2
15002
3.00><108%

-1/2

2
(3.00><108 %) (122x107° m)2(1.674x10727 kg)?

Physics: An Introduction

-1/2
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36. PH = Pphoton
myv _h
)
=z
12m02v2 . 2
o2
2.2
L2+ A ’ZO vi=1
c h
ﬂvzm 262 -1/2
v=c|l+ 0
h2
_ -1/2
2
| (@86x107° m)2(1.674x107% kg)? (3.00><108 m)
=(3.00><1o8 —j 1+ s
s (6.63x1073* J.5)?

=| 0.815 m/s
Since Aeq > Apue, and since p=—, Ppe > Pred- A photon of light has the greater momentum

37. (a)

8.8x1072% kg -m/s

B (6.63x107% J-5)(4.0x10'* Hz)

() Preg =—
e 3.00x10% m

(6.63x107% J.5)(7.9x10'* Hz)

1.7x107%7 kg-m/s

Polue =
* 3.00x108 m
38. (a) Since a photon’s momentum is inversely proportional to its wavelength, the photon with the smaller
momentum has the longer wavelength. So, photon | B | has the longer wavelength.
() 2pg =pa
2 _ b
g Aa
/IB = 2A’A
=2(333 nm)

~[666
1.59x10'° photons/s

P AP _(632.8x107° m)(5.00x107° W) _
noton ¢ (6.63x1073* J~s)(3.00><108%)

39. (a)
EP
(b) Ap=p¢—p;
=0-p;

__ I

2
_ 6.63x107 3.5
632.8x10™° m

~1.05x107%7 kg-m/s
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(¢c) P=Fv=Fc

F_P_ 5.00x107° W _

¢ 3.00><108?

1.67x1071' N

-9 -3
40. (a) £:£:(632'8X10 m)(5.00x10 W): 1.59x10'° photons/s

E  he (6.63><10_34J-s)(3.00x108%)

() Ap

pr = p;

—Pi~ Pbi

—2p;

_2h
2

~2(6.63x1073* J-5)
632.8x10° m

=| =2.10x10727 kg-m/s

(¢) P=Fv=Fc
Since the beam is reflected, the force is 2 P/c.
_ 2P 2(5.00x107° W) _
¢ 3.00x10° ™

electron — _AKphoton =K; - K¢ =36 keV—27 keV =

42. AMl=1"-2 :L(l—cosﬁ)

mec

F 333x1071IN

41. K

-34
(a) Ad= 6.63x10 " J-s (1-cos 30.0°) =| 3251073 m
(9.11x1073! kg)(3.00><108%)

-34
(b) AL= 6.63x10 "" I (1—cos 90.0°) =| 2.43x107'2 m
(9.11x1073! kg)(3.00><108%)

34
(©) Ad= 6.63x10 "7 J-s (1—cos 180.0°) = | 4.85x1072 m
9.11x1073! kg)(3.00><108%)
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43. AL =L(l—cos9)
€

U =1-cosé

mycAL

- mecAL
h

) {1 9.11x1073! kg)(3.00><108 %)(3.33x10*12 m)
= COS -

cosfd=1-

0 =cos”!

6.63x1073% J.s

4. Al= L(l —cosf) = lA/lmax
mec 4
2h
Adpax =——
myc
L(l —cosf) = 2
meC 4mec
1-cos@ = 1
2
cosd = 1
2
6 = cos™! 1
2

45. (a) Since the change in wavelength does not depend on the wavelength of the photon,
[the change in wavelength is the same for both photons |.

(b) Since the change in wavelength is the same, the photon with the shorter wavelength, 4 =0.030 nm, will

experience the greater percent change in wavelength. So, the | X-ray photon | experiences the greater percent
change.

(c) visible-light photon
100AZ _ 1004 (1-cos)
A Amgc

—34
~ 100(6.63x107* J-5) (1-cos180°)

(520x107° m)(9.11x1073! kg)(3.00x108?)

=1 9.3x107%%

X-ray photon
100A2 100(6.63x1073* J-5)

A 0.030x107 m)(9.11x1073! kg)(3.00x108%)

-[i7]

(1-cos180°)
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h

meC

46. M =4 -4 = (1-cos)

h 6.63x10°%J.s

(@) p=—= = 2.76x1072* kg-m/s
A 0.240x107 m
h
() 2 =24+ (1-cos®)
MmeC
9 6.63x107% J-s
=0.240%x10~° m+ — — (1-cos135°)
(9.11x10 kg)(3.00><10 %)
=0.244x107° m
-34
pp =L 8630 Is 9J 521 2.72x1072 kg - s
Af 0.244x107 m
h
47. (@) A=A -4 = (1-cos®)
mec
h
A=A - (1-cos®)
mecC
—34
=0.320 nm — 6.63x10 "' J-s (1-cos175°)
(9.11x1073! kg)(3.00><108%)
=|0.315 nm
he (663x1074 1-5)(3.00x10% )
b)) E=—= 5 =|631x10710 J
A 0.315x10™7 m
e (6.63x1074 J~s)(3.00x108%)
E=2- - =| 6.22x10710 J
Af 0.320x10™° m

(¢) K=E —E =631x107197-6.22x1071%7=| 9x107!8 J

48. (a) Since Al 1 and m, < my,, the change in wavelength of the X-ray is greater for the [electron].
m

2h 2(6.63x107347-5)
() Adlectron =—— ) =|4.85 pm

meC  (9.11x1073! kg)(3.00><108%

34
Ao = 2h 2(6.63x107°" J-s) ):

M€ (6.64x10727 kg)(3.00x108%
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49. Ad=-T"(1—cos0)= 4p 1
MmeC

A 1100
A
Ap =2 =1.100% — 4
L(l—cosﬁ) =0.1004
eC
h
4= 0.100m,c (1= cos8)

~ 6.63x107 J-s
0.100(9.11x1073! kg)(3.00><108 %)

SEEr
he (6:63x107 3.9)(3.00x10% m)

_ne s)_
A 41.4x1072 m

50. Eliminate p, from Equations 30—13 and 30-14, and solve for ¢.

(1-cos135°)

i

—=—cosf + p, cos
FRpT Pe COS ¢

%—%cos&
Pe =" ———
cos ¢

Oz%sinﬂ—pesin¢
_ hsin@
Pe = D sing
%_%0059: hsin@
cos @ A'sing
hsin@
ﬂ’(%—ﬂcosﬁ)

tang =
7
_ sind
A
5 cosd
sin @

—’HZM —cosd

sin @

1+A7’1—cosé?

¢ _ tan_l sin @
1+ A/l’l —cosd

From Problem 43, 8 =110° (two significant figures). To avoid rounding errors, we will use & =111.9°, which
was the value before reduction to two significant figures.

1 sin111.9°

3.33x1072 m o
1+ 05950100 m cosl11.9

¢=tan" =| 34°
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52.

53.

54.

5S.

~ 6.63x1074 J.s
(7.62x107'2 m)(6.69x1077 kg)

=|13.0 km/s
h
p
N
my
_h
Am

~ 6.63x1074 J-s
(0.282x10~% m)(1.675x1072 kg)
=|1.40 km/s

-34
_h_663x107 Js o S

h
A==
pomv (13kg)(4.1m)

Lo o mh pr W (6.63x107* J.5)?
2m - 2m 2ma? 209.11x107! kg)(1x10710 m)?

~ 6.63x1074 J-s
(0.250x10~% m)(1.675x107% kg)

(b) 2dsin@ =mA
0 =sin"! mi
2d
i (2)(0.250 nm)

2(0.282 nm)

(@]
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56. (a) Since A= M and m, <my,, for identical speeds, an has a longer de Broglie wavelength than a

my
proton.
PR my _1.673x107% kg _
c e __F _
) Ay me 911x107 kg 1840
mpv ¢ x
2 2
57. (@) k=2 - :
2Zm - 2mA
2
Since K = 5 and me <my, for identical wavelengths, an has a greater kinetic energy than a
2mA
proton.
h2
K. 2ma® M, 1.673x107 kg
(b =" =—=""""—"S-/1840
K, —to me 911x107! kg
2myA
58. (a) A=l
p
_
my
h
v=—o
Am
6.63x107°4 J-s
(0.76 m)(65 kg)
= 1.3x107° mys
(b) x=wt
x
t==
v
_ XAm
h

~(0.0010 m)(0.76 m)(65 kg)
6.63x107% J-s
= 75%x10% s
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60. Ap, Ay> %

Ay 2 h
27Ap,

27rmAvy

-34
6.63x107* J-s =y
Aybaseball 2 =|3.3x10 m

27(0.15 kg)(0.050) (431

=34 .
Aye1ecm,n > 6.63x10 J-s (43?) :

27(9.11x107>! kg)(0.050)

61. Ap Ay> a

27y

-34
pp, > _6:63x10 15J s
272(7.5x1071° m)
Ap, =|1.4x107 kg-m/s

62. Ap,Ay 2 %

h
mAv, Ay > —
& 2
h

2rmAy
) 6.63x1073% J s
77 27(0.20 kg)(0.0022 m)

Av, 2| 24x107" mys

>
Avy >
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63. AEAt> i

2
h

AE> "
27\t

6.63x107% J.s
27(1.0x1078 3)

AE>1.1x10720 J

AE >

AE,

min

=1.1x10726 J

64. AEAt> i
2
At > h

27AE

6.63x1073% J.s

At> 5
27:(0.0010eV)(1.60><10 W)

A2 6.6x1075 s

At 6.6x10713 s

min —

65. AEAt> i

2

AE> -

T 27At
. 6.63x1074 J.s

AE 2 9
27(0.60x107s)

AE =|1.8x1072° J

66. AEAt> i
2w

AEs I
27\t

6.63x1073% J-s
272(2.5%x10710 g)
AE >42x1072 ]

AE >

AE.. =|42x1072° ]

min

67. (a) AprZi
2

Ap >
P 27Ax

6.63x107% J-s
Ap > :
27(0.15x107 m)

Ap =| 7.0x107% kg -m/s
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2 2 (7 0x10725 kg.m)2
by k=L =2 _ o =[27x1077)
2m 2m 2(9.11x107°! kg)

68. (a) AprZi
2

Ap >
’ 27Ax

—34

pp s 563x10 ng
22(0.15%10~° m)
Ap >|7.0x1075 kg-m/s

2 2 (7 0x1072 kg-m)2
by k=P 2" _ = 15x107 )
2m 2m 2(1.673x107% kg)

69. 22 -0.010
P
h
ApAx = -+
P 27
ko
-~ 27Ap

s h
27(0.010p)
6.63x1073% J.s

27[0.010(1.7><10_25 kg.?)
Ax > 62 nm

S =

70. Determine the maximum wavelength required to eject electrons from each metal surface.

Ax >

Amax -t he = (6.63x107>% J1-5)(3.00x10° m/s)[1;\’19}12.43“0‘7 eV-m
Wo 1.60x10710
77 .
Al A = 12'43:12(; VeV M _290x1077 m =290 nm
. (]
77 .
Pb: Ay = 12'43: 12(; VeV M 292x1077 m =292 nm
. c
77 .
Cs: Ay = 12'43;113 VeV M 5.81x1077 m=581 nm
. (]

Only 581 nm is in the visible range, so use .

-34 8
71. P:[EJE:(EJE:(IOO photons](6.63><10 J-5)(3.00x10° m/s)

t t ) A 1s (545 nm)(1019m )
nm

P=3.65x10""7 J/s=|3.65x107"7 W

294



Physics: An Introduction Chapter 30: Quantum Physics

9.81 &
1 /g 1 / 2
72. (a = =—|——=] 053 H

(b) Assume v <<c.
E =nhf
1
1 2_nh g
2 27 N L
2 _nh g
am\ L

v:(n_hjl/z[EJIM
m L
1
1 (1.0x10%)(6.63x107* J-5)
7(0.15 kg)

1/4
2981 m
S

0.88 m

=|2.2m/s

PP 1.0x10710 w ~
Ephoton B (6.63x107>* J-5)(96x10° Hz)

1.6x105 photons/s

73. (a)

(b) P=Fv=Fc

-10
pL A0 W T 0o N

S 3.00x108®

74. (a) NEphoton =mL¢
mLf

N =
Ephoton
_ ML

hf
kcal |( 4186 J
a0 kg)(so.ok%)(m)
(6.63x1073* J-5)(6.0x10'* Hz)
=| 8.4x10% photons

E
(b) NHZO _ photon
Ef n,0
__ K
my,oLg
_(6.63x107* J-5)(6.0x10'* Hz)

a 26 keal | (4186 J
(3.0x10 kg)(so.ok%)(m)

=| 40 molecules
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75. NEp}10t0n =mecy AT

mey, AT

Ephoton

_ Amcy, AT
he

(520x10~ m)(1 g)(4.186giK)(1.0 K)

N =

(6.63x10734 J-s)(3.00><108%)

=|1x10" photons

76. NEjhoton = mey AT

mey, AT

Ephoton

_ Amcy, AT
he

_(012m)C13 mL)(ll—IfL)(4.186giK)(70.o K)

(6.63x10734 J~s)(3.00><108%)

N =

=|3.86x10%8 photons

77, Kopax = hf —W,

K de Brogli :p—2= s
e Broglie )
2m 2mA
K =hf —W,
2
T
2mA
2mi* 1
W W,
2 M
2m(hf ~Wy)
~ h
L2m(hf —wy)

6.63x1073% J.s

\/2(9.11x10_31 kg)[(6.63x10‘34 J-$)(2.11x10'5 Hz)—(4.25 eV)(1.60x10‘19§)}

{5
34
78. (a) A:i:i 6.63x10°" J-s ):
Pe

mev  (9.11x1073! kg)(2.7x106g
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79, foeak = (5.88x10'%s7H KT
7= fpeak
5.88x10'0s71. k!
_ 54x10" Hz
5.88x10'%s71. k!

(o200 K]

Firefly radiation is definitely not well approximated by blackbody radiation. At 9200 K, the firefly would be

completely destroyed.
80. (a) | Since v <<c, we can use Classical Theory. Substitute lmvmax2 for K.« in the equation
c . WO
Kpax = = W, and solve for W,,. Then calculate the cutoff frequency using f; = e
he
(b) Kpax =— W
A
he
Wo = 7 — Knax
he 1 2
= 7 - 5 MVmax
(6.63x1073* J.5)(3.00x 108 m 2
= ( S)——(9.11><10_31 ke)(3.10x105m) [ LV
-9 s -19
545x107° m 2 1.60x107" J
=[2.0leV
fo=2o_ 20074 eV =| 4.84x10" Hz
b (6.63x10734 J-s)(%)
1.60x107" J

81. (a) Photon energy is inversely proportional to wavelength, so the atom’s net energy has [decreased,

(b) AE= Ephoton absorbed — Ephoton emitted

he 3 hc
ﬂabs ﬂ'emit
_1.24 keV -nm 3 1.24 keV -nm
486.2 nm 97.23 nm

SEDL]
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he
82. (a) Kmax 27—W0

Solve for Ac.
he =AWy + Kpax )
2’1 (WO +Kmax, 1) = /"Q(WO + Kmax, 2)
Solve for .
ﬂQKmax, 2~ ﬂ“leax, 1
o)
_ (253.5 nm)(2.57 eV) —(433.9 nm)(0.550 eV)

433.9 nm—-253.5 nm
=2289 eV

fwe]

(b) he=AWy+Kpax)

WO =

A
h= ;(WO + Kmax)

433.9x10° m

~3.00x10° m/s
(4.106x10713 eV-5)(1.60x107"° J/eV)

= 6.57x1073% J-s

(2.289 eV +0.550 V)

-15 8
© KmaX:(4.lO6xlO eV-$)(3.00x10° mfs) oo o ey

365.0x10™° m
83 1= S U N 1.2
my mA m( h ) m
NSmkT

-23
V:\/5(1.38><10 VKIA50K) 57

(1.008 u)(1.66x107%7 kg)

Physics: An Introduction

84. (a) The deBroglie wavelength is inversely proportional to momentum, and as kinetic energy increases so does

momentum. Therefore, the deBroglie wavelength .
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[

e
P m
6.63x1073% J.s J

JK
V2o rix107 kg

1.60x10™" J
\/K i(eV )
-1.23x107° J— “GVL
TS
Postev 1
kg I JK
- 1.23x107 m-veV
JK
_ 1.23 nm-veV
JK

(b) A=

=123x107°

85. (a) K :%kT

av
o h
av = \/ZmKav ~ BmkT
6.63x1073% J-s

\/3(6.65x10*27 kg)(1.38x10*23 %)(295.15 K)
={0.0735 nm

(b) PV =NkT

Volume per atom = VY _K
N P

kTJl/3

Avg. separation =| —
ST

1/3
(1.38><10*23 %)(295.15 K)

101x10° Pa
[55m]
-34
86. (a) A ——" - 0.63x107" J:s =1.32x107""° m=[1.32 fm

bC (1.673x10727 kg)(3.00x10% my/s)

he  (6.63x107* J-5)(3.00x10° m/s)

(b) E=—= 1.51x10710 5
A 1.32x107° m
(¢) E= % = % =me? = rest energy of the particle
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87. (a) The difference in maximum kinetic energy observed from the two surfaces is due to the difference in the two
materials’ work functions. Since the maximum kinetic energy depends linearly upon the work function, and
since the work function does not depend upon the frequency of the light, the difference in maximum kinetic

energy | stays the same|.

(b) K max :hf_WO

WOB _WOA :(hf_KrnaxB)_(hf_KmaxA)
=KnaxA ~KmaxB

={2.00x107" J
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