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28.7 (a)
(b)

Using JmaxT =2.898x107% m K

-3
we get Am=%=9.99x104m= 999 nm

The | peak wavelength is in the infrared | region of the electromagnetic spectrum, which is much
wider than the visible region of the spectrum.

1/4

) 3.77 X10%¢ W
1 41:(6.96 x 10% m)z (5.67 %1078 W/m? -K4)

P=eAcT? so T

P )1;4
eAc

T=|575x10° K

_2.898x10° m K _2.898x10° m K

=5.04x107 m =| 504 nm
max T 575x10° K

A

Energy of a single 500-nm photon:

341 8
e S )

The energy entering the eye each second
2
E=PAt=1AA =(400x107" W/mQ)E(B.sz 107 m) ](1.00 $)=227 %107 ]

The number of photons required to yield this energy

~15
n= E 2.27x10° 7] =| 5.71x10° photons

"E, 398x1077 J/photon

he (6626x107 J.5)(3.00x10° m/s)

he = 296
e (420 eV)(1.60x 1077 J/eV) -

8
fczli:wz 1.01x10'* Hz

. 296x10” m

(6.626 x107)(3.00 x 10°)
180 % 10™°

% — g+ eAVe =(4.20 V(160107 J/eV)+(1.60107°) AV

Therefore, AV =271V




28.12

28.14

28.17

he (66261077 :5)(3.00x10° m/s)

b 700 x107% m

=284x107Y )=

_h_6626x107% )5
A~ 700x107° m

947 x 107 kg - m/s

This is Compton scattering through 180°:

ke (6.626 <107 J5)(3.00 < 10° m/s)

0

ar = (1-cost) = (243107 m)(1-c0s180°) = 4.86 X107 m

eC

A= g +AA=0.115 nm

%0 (0110x107° m)(1.60x107 J/eV)

1.78 eV

=113 keV

By conservation of momentum for the photon-electron system,

and

1

Tncident
Photon

JAVASS

AV
A ) —
L \‘.\\t;‘r \\.\\ O
Scattered Recoiling
Photan  Electron

E'= % =10.8 keV

%i:%(-m i
1 1
=7

P, =(6.626x107 ) s)[(

3.00)(103111/5)/0
160x107% J/ev

By conservation of system energy,

so that

Check: E*=p’*+m,

20 4 or

+
0.110x10% m  0.115x107 m

(511 keV +0.478 keV)” = (22.1 keV)* + (511 keV )

262 %10 = 2.62 x 101

ho 6.626

x107J.s

a=B-b
14

mv (167 x1077 kg){1.00x10° m/s)

1 ): 21keV/e

11.3 keV =108 keV + K,

K, =478 eV

397 x1071® m

(m,c* + K, ) = (pe)? +(m,c* Y



2818 (a)

(b)

28.19

h 1.2 _msv _p
1 : A = K = _ = € = = 2 K
Electron: ’ and 5 MU m, - 2m, S0 p=-/2m,
-34
and _ h _ 6626 107" ] s
2mK (911107 kg)(3.00)(1.60x 107 )
A =7.09%x107"" m = 0.709 nm
Photon: A=clf and E=hf s0  f=Efh
6626 x10™*J-5)(3.00x10° m/s
and jhe | I S ) - 4145107 m -] 41dmm
E 3(1.60x107 )
From the Bragg condition (Eq 27.18), %lectl on
¢ ///H/ eaq
ml=2dsing=2d ODS(E) ~_/ Scattered
\&—'1 @ electrons
& a_Trob o0 @
Sl
But dzasin(ﬂ) @ S
2 @ @ @\\\\%\3\\@@\
e D 68 8 8 \(K\S\ <i

where 1 is the lattice spacing,.

A=2a sm(%)cos(g) =asing

Thus, with m=1,

~34 .
A=E= h 3= 6626107 ] s =167 x107° m
po2mK (2011107 kg)(54.0x1.60x107 J)
-10
Therefore, the lattice spacingis 4= _ﬂ' = 1.67.>< 10 m_ 2.18x107'% =| 0.218 nm
sing sin 50.0°



28.51
(@)
(b)
(0)
28.24

We want an Einstein plot of K,y versus f

4, nm £ 10" Hz Kinax, €V
588 5.10 067
505 5.94 0.98
445 6.74 1.35
399 7.52 1.63
0.402 eV
lope = ——=%¥ 1+ g
GRETII TR
eAVs = hf— (,f?
19 1.
= (0.402{1'60110#) | 64x10 J.5 +8%
Kinax =0

at  f=~344x10° Hz

0=hf=232x10"°J=| 14 eV

Consider the first bright band away from the center:

-1

0200 400 600 800
f (Thz)

dsing = mA (6.00 x107® m)sin(tan_l[%D =(DA=120x10"m
2=t 0 Mo = h

m.v A

2.2 2
and K:l EUQ:mev :LZ:eAV
2 2m,  2m,A
2
2 (6.626x10‘34 J-s)
AV = 5 AV = -= 105V
2em, A 2(1.60x 107" CY9.11 %107 ke }{1.20 107" m
g



h 6.626x107 ] .5

LA = 9.92x107 m
mv (1.67 x 1077 kg)(0.400 m/s)

@ A=

(b) For destructive interference in a multiple-slit experiment, d sinf = (m +%)2., with m=0 for the

first minimum.
Then, 0= sin-l(i) =0.0284°
4 zd .
s0 %: tang y =L tand = (10.0 m)tan0.0284°) =| 4.96 mm

(c) We cannot say the neutron passed through one slit. We can only say it passed through the slits.

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.

-9
%:1.00><10’9m S0 A=M=E OO

L P

2 (hz/ﬂ?) B2 o2

(a) Since k=F - = =(0.377n%) eV
2m, 2m, 2m, (2 » 10—9)2 ( )
For K=z6eV, n=4

(b) With n=4, K=603eV




2835 (a) We can draw a diagram that parallels our treatment of standing 13
mechanical waves. In each state, we measure the distance d NN g
from one node to another (N to N), and base our solutionupon [N AN A A NA
that:

_ 4 B NATNRAK AN
Since dN toN = E and A= ;
———— N —— 2
N A A
_h_h
P=% 2 T
AT T T 1
2 : -10
N P 1 (6.626x10™ ) et = 10x10™ m —
EXt, = = = —_
2m, 8md d*| 8(9.11x10™" kg)
-3y 2 -19 ey
Evaluating, K=6.02><102 J-m K=3.77><10 - evV.-m
d d
In state 1, d=1.00x10""m K =377 eV
In state 2, d=500x10""'m K,=151eV
In state 3, d=333x10"'m K;=339eV
In state 4, d=250x10""m K, =603 eV

(b) When the electron falls from state 2 to state 1, it puts out energy
hic
E=151eV-377eV =113 eV=hf=T

into emitting a photon of wavelength

he (6626x107%7.5)8.0010° m/s)

= —= = 11.0 nm
E (113 eV)(1.60 107 J/eV)
The wavelengths of the other spectral lines we find similarly:
Transition 453 4-52 451 3-52 3-1 21
E(eV) 264 452 565 188 302 113
A(nm) 471 2.75 2.20 6.60 412 11.0




*28.39

28.44

28.45

(a)

(b)

28.53

2854 (a)

(b)

(0)

L/ 4 Lf4 2
The desired probability is P—j 2 =—I i ( ”x) x
where sin2 = 1290829 c;s 20
L/4
Thus, —(i—i ﬂ] _(_—o 0+o)= 0.250
L 4n L Jy
\/2(9.11><10‘31)(5.00—4.50)(1.60><10‘19) kg -m/s | Bremy el
= . =3.62x10° m Electron
1.055 %107 ] s 5| — llI
F
v
T=¢2= exp[—2(3.62 x10° m™ )(950 %1071 m)] = exp(—6.88) ol ¥
T= 1032107
T=¢2L (Use Equation 28.36) -U=100eV
2./2(9.11x107*1)(8.00 x107%° — E=500cV
2CL= \/ ( \ - ) (2.00x1071)= 458 Electron
1.055 %10~
U=0
T=¢*% = 0.0103 | a 1% chance of transmission. L—J
0.200 nm

0.990 |, a 99% chance of reflection.

p=mv=-2mE = (2(1.67 107 kg)(0.0400 eV){1.60x10™" ] /&V)

A=i=1.43x10‘1°m=
mo

0.143 nm

This is of the same order of magnitude as the spacing between atoms in a crystal so diffraction
should appear.

A=2L= 200x10"" m

6.626x10™* J.5
2.00%x1071% m

= 3.31x107% kg-m/s

B
2

0.172 eV




*28.59

For a particle with wave function

. , | P
w(x)= J%e_xfa for x>0 i ]\\
and 0 forx<0 ——
0 It}
(a) |lff(x)|2 =0, x<0 and |li/2(x)|=%€_2ﬂa, x>0

(b) Prob(x<0)= ji| w(x) |2 dx =Ji (0)dx =E|
(c) Normalization j:|w(x) Fax = jl| wldx+ j:| wldx=1

e

0 o 2xfag.,. _n_ .~2xfal” _
j—mde+.[o (2/a)e™" dx=0-¢ b =

—(e“"’ —1) =1

Prob(0<x <a)= I;| v |2 dx =J:(2/ a)e 2/ 3y = ¢ /¢

;=1-e-2= 0.865




