Chapter 3 - Quantization of Charge, Light, and Energy
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Equation 3-10: R, = T, R, = oT; = 62T,}' = 1607} = 16R,
(a) Equation 3-23: E = he/h _ __he/d0he/kT) _ OIKT _ g5y 7

ehc/).kT_l - e(hc/kT)/(thc/kT) -1 eO.l -1

(b) E - he/A  _ he/01hc/kT) _ 10kT _ 4.59%10° kT,
Qhe/ART_ 1 ,(he/KT)/(0.1he/KT) _ 1,10 _ |

Equipartition theorem predicts E = kT. Thelong wavelength valueisvery closeto kT,
but the short wavelength value is much smaller than the classical prediction.

-3
(@ A T=2898x103mK . T, = 258X107mK _ 07 ¢

27.0x10%m

R, = oT} and R, = 6T, = 2R, = 20T}
2 Ty = 2T} or T, = 2"T, = 2" 107K, = 128K

2.898x103m-K
128K

(b) A, = = 23x107%m

A, = 2.898x10°m-K (Equation 3-20)

_3 .
L - 2.898x107°m-K _ 1.45x10"m = 145nm

" 2x104K
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Chapter 3 - Quantization of Charge, Light, and Energy

3-21. Equation 3-10:
R=oT*
P, = (1.36><103W/m2)(nR§mW)hereRE = radius of Earth
Pemg = RW/m*ATRG) = (1.36x10° Wim?* mRim?)

2

TR 3
R= (136x103W/m?)| L | = 13610 W _ ;74

4nR} T

3 2
74 - 1.36x10°W/m 2T = 2783K = 53C

45.67x10° 8 W/m?-K*

2.898x103m-K
3300K

322, () A T=2898x103mK . A = = 8.78x107m = 878 nm

8
£ = c/a = 200A0ms 5 450101 b

8.78x10 " m

(b) Each photon has average energy E = hf and NE = 40 J/s.

_ 40J/s _ 40J/s
hf,,  (6.63x10734J-5)3.42x 10" Hz,

N = 1.77x10% photons/'s

(c) At 5m from the lamp N photons are distributed uniformly over an area

A= 47nr? = 100 tm2. Thedensity of photonson that sphereis (N/A4)/s-m?. Theareaof

the pupil of the eye is m(2.5x 10‘3m)2, so the number n of photons entering the eye per

second is )
_ (L.77x10%/5) (1) 2.5%10 m,

n=(N/A4)(n)2.5%103m}
100 wm?

= (1.77x10% /5,2.5x1073}? = 1.10x 10" photons /s
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Chapter 8 - Statistical Physics

3(8.31 J/mole:K) (300K) |
2(1.0079x 1073 kg/mole)

= 1930 m/s

81 (@v, -, XL
M

2
(b) T = My, _ 2(1.0079 x 1073 kg/moley11.2 x 10° m/s* _ 1.01x10°K
3R 3(8.31J/mole-K)

3 2E; _ 2(13.6¢V)

82 (@ E.==kT .T-= = 1.05x10° K
3k 3(8.617x107%eVIK)

K

N

(b E, = %kT= %(8.617><10‘5eV/K)(107K) = 129 keV
83. v _ = &Af (Equation 8-12)

@ Foroy v - 3(831JK-mol)(273K) _ o1 1

\ 321073 kg/mol

(0) For Hy v~ |3B3IIEmDQBBE) g4,

\ 2x1073 kg/mol

kgm?/s? 2

kg

= mls

a4 [ &rr ) [(J/mole-K)(K) }1’2 )

M kg/mole
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Chapter 8 - Statistical Physics

85. () Ey = n%RT= (1 mole)% 831J/mole-K,(273) = 3400J

(b) One mole of any gas has the same trand ational kinetic energy at the same

temperature.

86. (v?)= %vazn(v)dv = 411:( vie M gy where A = m/2kT

m )3/2
0

2nkT) |
0

32
(v2) = 4z| = I, wherel, isgivenin Table B1-1.
2mkT

I, - %nl/z 352 %nl/Z(m/ZkT)—S/Z

(v2y = ax| ™ | 3] gio 2kT|** _ 3kT _ 3RT _ 3RT
8 m m mN M

5 3RT
vy = v = -

-23 12
87 (- | SKT _|8(1381x102IK (300K) [ _ o500 o
Tm | 1.009uy1.66x 10" kglu)
26T | 2(1.381x1072J/K)(300K) |
v = = |25 ) = 2220 m/s
m 7(1.009 %)(1.66 x 10~ kg/u)

n(v) = 4TNm/2nkT?v2e ™"/*T  (Equation 8- 28)
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Chapter 8 - Statistical Physics

(Problem 8-7 continued)

At the maximum: % = 0=4nNm/27kTy 2 2v + v2-mv/kT) e ™ /2

0= ve'”‘"z/ZkT(Z - mv?/kT)
The maximum corresponds to the vanishing of the last factor. (The other two factors give

minimaatv=0andv=wx.) S02-mv%/kT=0andv, = (2kT/m)">.

8-8 a ~mv? .
@ f(v,)= (m/2nkT) e =/ 2KT (Equation 8-20)
__ 1 | m DG/
V2T kT
_ 12y, -1 ve/2vg _ _ 12
2n)y v, e where vy = v, = (kT/m)

(b) AN = Nf(v))Av_= N,f(v,)(0.01v,)
= (6.02x10%)(2m) 2 v, e70(0.01v,) = 2.40x10*!
(©) AN = 6.02x10%(27) v, e 12(0.01v,) = 1.46x10*!
(d) AN = 6.02x102(2m) v, e 2(0.01v,) = 3.25x10%
(€) AN = 6.02x10%(271) 2y, e 32(0.01v,) = 3.04x 10’
m 32 2
89. m((v)dv-= 411:N( m) vZe m/2kT gy (Equation 8-28)
T

du=

e e ~™*/2kT They for which dn dv= 0isv,,.
v

sz(_i‘;{';) . 2y
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(Problem 8-9 continued)

_2mvy?
2kT

A + 2y e—mv2/2kT: 0

Because A = constant and the exponential termisonly zero for v = «, only the

2mv3
2kT

or v2= 2KT _, v, = 2kT (Equation 8-29)
m m

8-10. The number of moleculesN in 1 liter at 1 atm, 20°C is:
N = lﬂ(lg-mol/22.4ﬂ)(NA molecules/g-mol)

quantity in [] can be zero, so - +2v=0

Each molecule has, on the average, 3 kT/2 kinetic energy, so the total translational kinetic

23 -23
energy inoneliteris. KE = 6'02(;0 3(1.381x102J/K)(293K) = 163J
8-11. By /kT
n_ &€ _ &e—(Ez—El)/kT
nl gl e—El/kT g
_ n n
eEEAT_ 8T g BT 8201
& M & M
E -E
T- 2~ & _ 10.2 eV - T790K
kln(g,/8) (n/n,),  (8.617x107%eV/K)ln4x 10
~ 4x1073ey
8-12. ﬁ _ ée-(ErEz)/sz 3 e LBEITX107°eVIK) (300K) [~ (155
n g 1
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8-43. frp= = where o = - —
e%eBAT 4 1 LEEn/HT, kT

(E-Ep)/kT

For E>>E., e >>1 and
1 1 1
S ® o E~En/kT - o “EF/KT | E/kT | puE/T s
4n2m PV =
844, N=eo_ "¢l ~ EI2,-E/AT4E  (Equation 8-67)

oo

Considering the integral, we change the variable: E/kT = u?, then

E=kTu*, E? = (k1) u,and dE = kT(2u)du. So,





