83. v, .= ,’Mi
M

3(8.31J/K mol)(273K
(a) ForOy: v, = ( mo )( ) =461m/s
32x 10" kg / mol
3(8.317 /K mol)(273K)
(b) ForHy: v, = ~ =1840m/s
2x 107 kg I mol

32 o
Vn v dv=4ag| - Iv“e"i"za".-* where 1 =m/2kT
2xkT

0

312
(1’2) = 47| Z I, where I, is given in Table B1-1.
2rkT

I, = %75”21'5” = g:rm mi2kT 7"

() = 4z " (3 26T Y* 3kT 3RT 3RT
- 2xkT 8 m " m  mN, M

m

312
2 - 12T -
Ve dv uation 8-8
Z;rkTJ (Eq )

8-9. nv dv= 471'}\7(

an _ 4|2~ B™) 9y |e™ 1 They for which dn/dv =0 is v,
dav 2kT

3
A| =2 Loy emiar g
2kT

Because 4 = constant and the exponential term is only zero for v — oo, only the quantity

3

! +2v=0

in [] can be zero, so —

KT 2kT .
or v'=—— v, =,/~—— (Equation 8-9)
m m



8-42. (@) f u du=Ce ¥ du= Ce " 1¥ gy (from Equation 8-5)

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

— O JkT1 A > C=JAl zkT

(b) <E)=(A1.‘2>= _[Auzf u du= jAuQ-JAf}rkTe_A””Hdu

= ANAIZKT 21, = ANAIZkT 2% J7 14 27 where A= A/KT

=%A«JAH’T kT14°" =%H

_mu_[(2E,/e)(e/m)]”

3.5 e
@) B~ (e/m)(B)
1/2
_1 PEJe_ 1 (2)(4.5x10‘ewe)|1 05— 2 2
B\l e/m 0325T| 1.76x10'kg [J ' '
®) (2E./
u " e)(ef'm)
frequency /=2 R~ 27R

1/2
_ [(2)(4.5%10%V /¢)(1.76x10"C/kg) | =9.1x10° Hy
27(2.2x107m)

period T=1/f=1.1x10"s

(a) 1/2mu’ =E,, sou=[(2E,/e)(e/m)

o u=[(2)(2000eV /¢)(1.76x 10" C/kg) ] =2.65%10"m/s
u 11 7

®) Ap=So 00m 801075 =1.80ms
u 2.65x10'm/s



(c) mu,=FAt =elAt,

u, =(e/m)&Ar, =(1.76x10"C/ kg )(3.33x10°V /m)(1.89x 107 5) =1.11x10°m/ s

3-12. A, T=2.898x10"m-K

2.898x107m- K
3K

=9.66x 10" m=0.966mm

(@) 4,=

2.898x107m- K
300K

(b) A, = =9.66x10°m=9.66um

_ 2.898x 10°m-K
3000K

=9.66x 107" m=966nm

(©) 4,

3-13. Equation 3-4: R=0T". Equation 3-6: R = %CU.
From Example 3-4: U =(87rSk“T“)f (15h3cz)

o= % W ;ZCU = %c(stk"T‘* )/(15K°c°T*)
27°(1.38x 10 J /K )’

15(6.63x10™ - 5)(3.00x 1(:13m,fs)2

=567x10°*W/m’K*




3-14. Equation 3-18: u()i,):
e

3-15.

87hcA™

hel AKT __q

dA

: _a( )9 - Al f?
u(f)df =u(A)dA .. u(f)—u(f)df Because ¢ = fA, o clf

u(f)=w[i} 8zf* Hf

T _q fz o M

-3
(@) A T=2898x10°m K .. A =228xX10mK | o 10°m=1.07mm

" 27K

¢ 3.00x10°m/s
c=fA o f=—=""T"—""""-280x10"Hz
®)e=71 ! A 1.07x107m
(c) Equation 3-6:
R=1cu- =(87°Kk‘T* 115K°c)
4 4
(3.00x10°m/s)(82°)(1.38x 10 T / K ) (2.7)'

- =3.01x10° W /m’
(4)(15)(6.63x107* -5} (3.00x10°m/s)

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

-3
@) T=2.898x 10 _gm K — 4140K
700x10" m

2.898x107°m- K

- —9.66x102K
3x102m

(b) T=

2.898x107°m- K
3m

=9.66x107°K

(c) T=



3-17.

3-18.

3-19.

3-26. (a) A4 =

Equation 34: R =0T} R =0T} =0(21,)" =160T; =16R

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

hel AT _q - e[hcfkT}a’{thcfkT} 1 - -1

=0.951kT

(a) Equation 3-17: E =
e

_ he/A_ hc/(0.1hc/KT)  10kT

(b) E= MM _q - e{hc!k?’}f{ﬂ_lhcfk‘r] 1 - &0 —

=4.59x 107 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.

_ 2.898x107°m- K
27.0x10°m

R =0T and R,=0T}=2R =20T;

(@ AT=2898x10"m-K .. T, =107K

T, =2T;' or T,=2"*T, =(2"*)(107K) =128K

_2.898x107m- K
128K

(®) A, =23x10°m

=653nm, f, = =4.59x10"Hz

hc _1240eV - nm
¢

$_ 19V
1.9ev h

4.136x10%eV - s

() Vo=

lfkc ) 1[12406V-nm
e\ A e 300nm

—1.93V]= 2.23v

[1240&-1!- nm

—1.9eV J= 1.20v
400nm

'
© =24 )-



3-27. (a) Choose A =550nm for visible light. nhf =E — %hf = % =P

dn P Pi_ (0.05x100W)(550x10°m)
di W he (6.63x10°7-5)(3.00x10°m/s)

=1.38%x10" /s

number radiated / unit time _1.38x10" /s

—=2.75x10"/m* s
area of the sphere 47 (2m)

(b) flux=

P 422V
" h 4.14x10%eV-s

_3.00x10°m/s
560x10~ m

3-28. (@) hf=¢ .. f =1.02x10" Hz

() f=cl/A =5.36x10" Hz No.

Available energy/photon hf =(4.14x10™%eV - 5)(5.36x10" Hz )= 2.22¢V..
This is less than ¢@.

he _ 1240eV nm

h
33 @ == am

=1.90eV

hc 1240eV nm
E ==
() E, 2 ¢ 300mm

—1.90eV =2.23eV



