Chapter 28

A=drr? =4x(002 m)* =5.03x10° m?

(b)
P=0AeT* =567x10° W/m*K* 5.03%x107° m® 0.86(293 K)* =[ 181 W |
(c) It emits but does not absorb radiation, so its temperature must drop according to
. ! d0 dT;
Q=mcAT = .PIFEI:T. -T: | I—(‘ = i ‘
d o df dt
dal;, 4 _g ~181 I/s R I EEO S e
——= == ——————=| -0.015 3 °C/s [=-0.919 °C/min
dt  mc mc 0.263kg 448 ] kg C° —_—— '
'['-i} ’1\'n'..n-'r= q.ﬁ‘_}ﬁx](]'; m-K
2898x10° mK ————1. .
Amax = —— T _[989x10° m | infrared
™ 293K —
he 663x107* Js3x10° m/s —————
(e) A P "___-M_. Js 3x10° mys = 201x107 ]
’ A 9.89x10™" m —
(f) The energy output each second is carried by photons according to
[ N
[N |_|L
\ AL
N 1.81 J/s r T ST
—=—= ot A 898x10" photon/s

Matter is coupled to radiation, quite strongly, in terms of photon numbers

ion 28.2 The Photoelectric Effect
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The gross failure of the classical theory of the photoelectric effect contrasts with the success of |

quantum mechanics. i

P28.13  Ultraviolet photons will be absorbed to knock electrons out of the sphere with maximum kinetic ;
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The sphere is left with positive charge and so with positive potential relative to V=0 at r = oo, ASitS)

potential approaches 1.51 V, no further electrons will be able to escape, but will fall back onto the
sphere. Its charge is then given by
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Section 28.3 The Compton Effect
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P28.37 (a)

(b)

(c)

Section 28.10 A Particle in a Box

F28.38  For an electron wave to “fit” into an infinitely deep potential well, an
integral number of half-wavelengths must equal the width of the well.

(a)

(b)
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w(x)=Ae"™" = Acos|5x10" x)+ Aisin(5x 10" x) = A cos(kx) + Aisin(kx) goes through?

a full cycle when x changes by 4 and when kx changes by 2. Then kA = 2r where
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We can draw a diagram that parallels our treatment of standing "
mechanical waves. In each state, we measure the distance d | 4
from one node to another (N to N), and base our solution upon
that:
i
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FIG. P28.39
Instated, d=250x10"m K,=603eV.
When the electron falls from state 2 to state 1, it puts out energy
oL RSt . he
E=151eV-377 eV=113 eV =hf =—
A
into emitting a photon of wavelength
e [6626x107% J-s)(3.00x10° mys)
A=—= = . =110 nm.
£ (113 eV)(1.60x107" J/eV)
The wavelengths of the other spectral lines we find similarly
Transition 23 | 42 41 | 32 31 251 |
E(eV) | 264 | 452 565 | 188 302 113
Al{nm) | 411 | 275 220 | 660 | 412 11.0
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The confined proton can be described in the same way as a f f
standing wave on a string. At level 1, the node-to-node
distance of the standing wave is 1.00 x 10" m, so the
i h . e e i
wavelength is twice this distance =200x107" m. ¥
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3295107 o
= - R T f - =205 MeV
1.60 =10 l/eV
In the first excited state, level 2, the node-to-node distance is half as long as in state 1. The
momentum is two times larger and the energy is four times larger: K =8.22 MeV .
The proton has mass, has charge, moves slowly compared to light in a standing wave state, and
stays inside the nucleus. When it falls from level 2 to level 1, its energy change is
205 MeV - 8.22 MeV = -6.16 MeV .
Therefore, we know that a photon (a traveling wave with no mass and no charge) is emitted at the
speed of light, and that it has an energy of | +6.16 MeV |.
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This is a gamma ray, according to the electromagnetic spectrum chart in Chapter 24.
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