Physics 123 - 201 3 - Solutions to Prob. Set 9

1. .
—_— We use Eq. 37-1 with a temperature of 98°F =37°C =310K.

(2.90%107meK) (2.90x10 meK) .

= = =9.4x10°m = 9.

T (310K) 9 metals
2.
37-6
We use Eq. 37-3.

E =hf =(6.626x107"J+5)(104.1x10°Hz) = [6.898 x 10}




3. We use Eq. 37-3 with the fact that f = ¢/4 for light.
37"'8 34 ]
¢ he (663x107'1:5)(3.00%10"ms) ’
e =327x10"m =[33210"nm]
7 E  (160%10"1/cV)(380=10°cV) e

Significant diffraction occurs when the opening is on the order of the wavelength. Thus there would
hnl msignificant diffraction | through the doorway.

4. We use Eq. 37-3 with the fact that f =cfA4 for light.
37-9 g (0.1ev)(1.60x10"" J/eV)
= = = . . = . ]'ﬂuHI- zﬂl"ul'h
'En_ ‘Efm = Jrnr- '_Er- {ﬁ'ﬁjx ln"“.lii} 241=

c (3.mulﬂ'm,l'n] .
e S CY T =1.24%10"m=[1x10"m




5' mm“mmmh 51 g
B7-12 energy of the cjected clectrons is 0, Use g, 37odn |0 o hen the kinetic

K'EH-""L!EH e f“#i=% —»

ach_(3.00:10%m/s)(6.63x10)es) 3
aﬁ "ﬂ {JTIIG\’}(LH,: "}-rlluev] =336 =10 "'m|=336nm

o.
37.14 We divide the minimum energy by the photon energy at 550 nm to find the number of photons,

g B _EnA_ (10M)(550<10°m) [5 photons]
B =t = " " T (68 10 )0 1)




37-15

37-17

o.
37-19

The photon of visible light with the maximum cnergy has the least wavelength, We use 410 nm as
the lowest wavelength of visible light.
he (ﬁ,ﬁ'jxlﬂ “1e5)(3.00= 10" m/s)

.. 2 3.03eV
Wew =5 = (156010 " ¥cV)(410%10 " m) =

ed if this energy is less than the work function.

Electro : tions greater than 3.03 eV are [copper and iron

The metals with work func

The photon of visible light with the maximum encrgy has the minimum wavelength. We use Eq. 37.
4b to calculate the maximum kinetic energy.

he . 1240 eVsnm o
K_ ZM'—WQ =I"Hn =m_‘—243 eV =10.54 eV

We use Eq. 37-4b to calculate the work function,

he ,,  _1240€Venm o0 v =[265 eV
Wo=lf —Kow =7 =K =25 m
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11.
37-285

12.
37-32

We use Eq. 3?—6!: Note that the answer is correct to two significant figures,
A =—-—( | -cosg) —

’=ﬂﬂﬁ_'(l-ﬂ!;iﬂu]=m '[I (9.11 =10 "kg)(}ﬂﬂx ID'mfa)(l 5x10° '3m)

(6.63 % 107"Jus) J

We find the change in wavelength for each scatiering event using Eq. 37-6b, with a scaltering angle
of ¢ =0.50°. To calculate the total change in wavelength, we subtract the initial wavelength,

obtained from the initial energy, from the final wavelength. We divide the change in wavelength by
the wavelength change from each event to determine the number of scattering events,

(6.63x107 J.s)(1-cos0.5°)
2.11=10™" kg}(] 00 < 10" m/s)
F (E 63x107 J-5)(3.00x10" m/s)
o5 E, (l 0x10°eV)(1.60210 " J/eV)
"= A=A _ (555 nm) (000124 nm) _ =|6x 10" events)

Ad 924 107" nm

=924x10" " m=924=10"nm

le(l-mu.f)- (

=1.24 =10 " m = 0.00124 nm .




13.
37-35

14.
37-37

The photon energy must be equal 1o the kin
pm-dﬂcu The mass of the positron is equal w the mass of the electron.

B ™ Kotas ¥ M —F

K = E s ™ My PORT gl S Im, . =267MeV -2(0.5] IMeV) =

The minimum encrgy necessary is equal o the rest encrizy of the two muons.
E,. =2mc =2(207)(0.5) 1MeV) =|212MeV

The wavelength is given by Eq. 37-5.
he 6.63=107" s (3.ﬂuulﬂ' m/s -5 EE!IE'“I'.EI
A= = 160=10" )eV)(212x10°V

ctic energy of the products plus the mass energy of the

1.65MeV




15. Since v < 0.001c¢, the total energy of the particles is essentially equal to their rest energy. Both

37-35 particles have the same rest energy of 0.511 MeV. Since the total momentum is 0, each photon mus)
have half the available energy and equal momenta.
E
E = " =|0.511MeV]| ; p, = —than 0.511MeV/c
phoon = Melectrn c
1 6‘

37-40 We find the wavelength from Eq. 37-7.

l=£= h =a (6.53310"“]-5)

p mv (0.23kg)(0.10m/s)

29x10 ¥ m




17.
37-42

15.
3S7-43

We assume the electron is non-relativistic, and check that with the final answer. We use I

=34
LN (6:63x107"1-s) —3.466x10°m/s=0.01]
p mv mA (9.1 :a:lu'“kg)(llll «10m)
Our use of classical expressions is justified. The kinetic energy is equal to the potential e

| ) )
1(9.11x107" kg )(3.466 < 10° m/s
ST IPONE
™ (1:60%10 " 1/eV)

Thaus the required potential difference is

=34.2eV

The theoretical resolution limit is the wavelength of the electron. We find the wavelength from the
momentum, and find the momentum from the kinetic energy and rest energy. We use the result fro
Problem 94. The Kinetic energy of the electron is 85 keV.

he (6.63x107Jes)(3.00 x 10" m,.r'sl

A= -
VK +2mcK (160107 3/eV) (85 x 1%V’ +2(0.511x10°¢V)(85x 10’eV)
=[1x10"m




19.

37-50 The final kinetic energy of the electron is equal to the negative change in potential encrgy of the
electron as it passes through the potential difference. We compare this energy to the rest energy of

the electron to determine if the electron is relativistic.
K = —gAV =(1€)(33x10' V) =33x10°eV

1% of the electron rest energy., Ehc electron is n:lativisﬁj. We use Eq.

um and then Eq. 37-5 to determine the wavelength.
== ———k Rl ﬂﬂﬁnlhmﬂd“ﬂh‘nnww-?-

Because this is greater than
16-13 to determine the electron moment

E!=[K + m:]z — I}:"": 1 mlf-‘ — P = JKI + EKM{TE
c
L. he 1240eVenm
= 0.0066 nir

2 2 = -
_ P K +2Kme J[me‘ev]‘ +2(33x10%eV)(511x10%V)
Because A « 5 cm, [diffraction effects are negligible]




