3(8.31J/ K+mol )(273K)
(a) ForO2: v, = : — =461m/s
32x10" kg /mol
3(8.31J/K*mol (273K
(b) ForHy: v__= ( _3mo )( ) =1840m/ s
2x10 " kg /mol




- 302,
(v2> :i jvzn v dv= 4;1'( m ) jv"e'““gd‘v where A =m/2kT
N} kT )}

312
2\ m g . .. .
(v )- 411{ l;z'kT} I, where I, is given in Table B1-1.

I4 =§ﬂ'“2;;—5}2 =§;‘Z’U2 ml2kT

()= m Y'(3) o 2kTY"" 3KT 3RT 3RT
v )=4r — |7 —_— = = =
27kT ] | 8 m m mN, M

=512




8-9.

312
novdv=4rN| | V™ Mgy (Equation 8-8)
27kT
dn o 2vm| —mn? | 2kT . -
—=A|lv | — |+2v e The v for whichdn/dv=01sv,.
dv 2kT

Because 4 = constant and the exponential term 1s only zero for v — o, only the quantity

3
+2v=0

. 2
in [] can be zero, so -

2kT ’2kT )
or V=" vy ="~ (Equation 8-9)
m m



8-42. (a) f u du=Ce ¥ du= Ce 41 gy (from Equation 8-5)
1= !f u du= ‘[Ce_“"mrdu =2C Ie_‘*ﬁ”‘rdu

=2CI, =2C\Jr 27?12 where 2 = A/kT

—cr kT 14 — C=JAl 7kT
(b) (E)=(A112>=+TAuzf u du= ‘TAuzJA/JrkTe_’!"z"Ha‘u
= ANAIZKT 21, = AJAI7kT 2x [z 14 27" where 2 = AIKT

=%AJAH(T k14" =%k1"




3-12. A, T=2898x10"m-K

2.898x107 m- K
3K

@) A = =9.66x 107 m = 0.966mm

2.898x107m- K
300K

®) 4,= =9.66x10"°m=9.66um

_ 2.898x10°m- K
3000K

=9.66x 10" m=966nm

(©) 4,

3-13. Equation 3-4: R=0T". Equation 3-6: R = %CU.
From Example 3-4: U =(87:5k“T4)/(15h3c2)

o= % = % = %C(SESk‘*T“ )/(15K°c’T*)

27°(1.38x10%J / k)’
= =5.67x10"W /m’K*

15(6.63x107 7 s) (3.00x 1(:1‘*m,fs)2




3-14. Equation 3-18: u(4)=
e

3-15.

8hcA™

hel AKT __q

u(f)df =u(2)d2 . u(f)=u(f)% Because ¢ = f1, %

il fo) af T
u(f)— IR _q [fz J_ 3 M 1

C

=&F

s
(@) A T=2898x10"m K .. A B LS T N C

. 27K

¢ 3.00x10°m/s
c=fA o f=l=2X OIS _, 80x10"H
®)e=1 = T L 07x10°m ‘

(c) Equation 3-6:
R=1cU= =(87°k‘T* 115K°c)
4 4

4 4
_(3.00x10"m/5)(82°)(1.38x 107/ / K ) (2'3)4 =3.01x10° W/ ms?

(4)(15)(6.63x10™7-5)’(3.00x10° m/ )

Area of Earth: A= 477} = 47(6.38x10°m)’
Total power = RA=(3.01x 10°°W /m? )(47)(6.38x10°m) =1.54x10°W

3-16. A, T=2.898x10"m-K

=
@) T= 2.898x10 _gm-K — 4140K
T700x10" m

e S
&) T 2.8938x110({2 s TR
x m

2.898x107°m- K
3m

() T= =9.66x10"K
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3-17.

3-18.

3-19.

3-20.

Equation 3-4: R, =oT,* R, =0T, =o(2T,)" =166T,* =16R,

hc/A  hc/(10hc/KT)  0.1kT

ehc/AkT _ 1 - e(hc/kT)/(thc/kT) 1 - e%l _1

=0.951kT

(a) Equation 3-17: E =

hc/A  hc/(0.1hc/KT)  10kT

ehc/ AT _q - e(hc/kT)/(O.lhc/kT) 1 - e _1

(b) E= — 459x107*KT

Equipartition theorem predicts E =kT . The long wavelength value is very close to

KT, but the short wavelength value is much smaller than the classical prediction.

-3
(8) AT=2898x10"m.K . T, =208x10 Bl K _107k
27.0x10°m

R =0oT' and R,=0T, =2R =20T/

T, =21 or T, = 2/*T, =(2"*) (107K ) = 128K

-3
©) 4 = 2.808x10°m-K _ o oo
128K

(@) AT =2898x10°m-K (Equation 3-5)

2.898x10°m-K

- 7 =1.45x10""m =145nm
2x10"K

(b) A, isin the ultraviolet region of the electromagnetic spectrum.
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3-21. Equation 3-4: R=0T*
Py =(1.36x10°W /m* )(zRZm?) where R. = radius of Earth

(RW /m?)(47R?) =(1.36x10°W /m* )( zRZm’)

I:Tsmit =

R J_1.36><103ﬂ20__|_4
4 m

R =(1.36 x10°W / m? =
pasacwme) 7 z

3 2
__ 136x10°W/m .. T=2783K=53C
4(5.67x10°W /m?-K*)

4

-3
(@) AT =2898x10°m-K . A = 2'892;(1)8Km K _878x107m=878nm

3-22.

8
f =cis, = 200A0MIS 545104 He
8.78x10'm

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

_40d/s _ 40J /s —1.77x10? photons/ s

N hf,  (6.63x10°*J-s)(3.42x10" Hz)

(c) At 5m from the lamp N photons are distributed uniformly over an area
A=47r? =1007m*. The density of photons on that sphere is (N /A)/s-m?.

The area of the pupil of the eye is 7z(2.5><10‘3m)2 , S0 the number of photons

entering the eye per second is:

1.77x10% /s)(7)(2.5x10°m)’
(N/A)(x)(25x10°m) = ( 1(2(()7zr)n(2 )

n
= (L.77x10 /5)()(2.5x10°m)" =1.10x10" photons/s
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