]-bwtmavk |2 Solutions

07 () E=hf=(6.626x10"%7.s)(620x1012 s~} _L00eV ) s
( X ) To0x107]

(®) E=hf=(6.626x10"J.s)(3.10x10° s-1) —1:00eV_ _
( )( ) 1.60x1079 S eV

© E=hf=(6.626x10"*]-s)16.0x 106 s—l)(#lgj’w])
d A= j% = -36'708%;;2/5 =4.84x10"7 m = [484 nm, visible light (blue)]
A= % = :;.01(3)111(59 EZ/S =9.68x10"2 m = L9.68 cm, radio wa\a
A= ; = 3460.(:)211(:; Ill-;z/s = ljz m, radio wav;]
40.9 Each photon has an energy ~ E =hf = (6.626 x 10°24)(99.7 x 10%) = 6.61 x 10-26 |
190x10°)/s |2.27 x 10% photons/s]

This implies that there are

6.61 x 10"2 J / photons

_hc (6626 x 1077 - 5)(3.00 x 10° m/s) _
IS @) A= = 20 eV)(L60 x 107 I/evy

© 200100 m/s
= X 01 % 10° Hz
e 3 T 296x10° m a

(6.626 x 1073)(3.00 x 108)
180 x 107°

Therefore, AVg=271V

®) % =9 +e(AVs): =(4.20eV)(1.60 x 10719 ] /eV) + (1.60 x 1071%) (A V)

40.18 From condition (i), hf =e(AVgs1) + ¢y | and hf = e(AVs2) + ¢,
(AVs1) =(AVsy) + 148V
Then -1 =148 eV
From condition (ii), hfc1 = ¢1 = 0.600kf., = 0.600¢,

2 - 0.600¢, = 1.48 eV

[92=370eV] [g=222ev




40.38

From the photoelectric equation, we have:

Since AVSZ = 0.700(AV51), then

or

and the work function is:

The photon energies are:

and

Thus, the work function is

and we recognize this as characteristic of

()

Lyman (ny = 1):

Balmer (nf = 2):

Paschen (ns = 3):

Bracket (ns = 4):

Lyman:
Balmer:
Paschen:

Brackett:

40.66

AZ =—h—(1—cos )=

O—EO

A

A

A

A

hc

e(AVSl) = E‘)’l - ¢ and e(AVsz) = Ey?. - ¢

e(AVs;) = 0.700(Ey - $) =Ey2 - ¢
(1-0.700)¢ = E,3 - 0.700E .y

_ E,-0.700E,
0.300

hc

_1240nm-eV
71=T""—_—
1

410 eV

E =3.03 eV

he 1240 nm-eV

E == =279 eV
7273, 445eV €

o= 2.79 eV -0.700(3.03 eV) =273 eV
0.300

potassium|.

1240 eV -nm _ (Ultraviolet)

min =1E1T T 136 eV

hc

_he _1240eVonm
mn TTE)| T (I)13.6 eV

= ... =3%09L2nm)= (Infrared)
... =4%912nm)= (IR)

min

min

(6.626 x 107 ] -s)

(uv)

Ermax= (=IEd) '
Ermax= (=IE)

Emax = (=IEs)
-

mpc

(L67x10~Z kg)3.00x10° m/s)"

@ £ == BT
© &-FHN

A'=Ag+AA=651x10"" m

(0.234)=3.09x 10716 m

he  (6.626x107%* J-s)(3. 8
= J:S)3.00x10° m/5) _ ¢ 59510715 m
(200 MeV)(L60x 1072 J / MeV)




4031

(@) Thanks to Compton we have four equations in the unknowns ¢, v, and 4"

(®)

—h£-=£C—+ym c? - m,c?

Y . (energy conservation)
0

N (momentum in x direction)
0

= ;— cos 2¢ + ym,v cos ¢

O—l sin 2¢ — ym,v sin ¢

I (momentum in y direction)

l’—l():

hc (1-cos 2¢) (Compton equation)

e

Using sin 2¢ =2 sin ¢ cos ¢ in Equation [3] gives ym,v= % cos ¢.

Substituting this into Equation {2] and using cos2¢ =2 cos® ¢ -1 yields

h
Ag

= %(2 cos?p—1)+ 2711; cos?p = {-;(4 <?052¢ -1,
or A'=4Agcos’p—Ag
Substituting the last result into the Compton equation gives
h hc
2, _ [ 24 M =2-_(1—cos?
4Agcos‘9—244 e [1 (2 cos“¢ 1)] Zmecz (1 cos ¢).
With the substitution Ay = hc/Ey, this reduces to

2 Incident
m,c” +E 1+x E,y na
! 0 - where x= 5 Photon
2m,c“+Ey 2+x m,c

0.700 MeV ’1+ x
F =137, thi: 3 0°
or x= 051 MeV s gives ¢ = cos™ m

From Equation [5], A’ = }.0(4 cosZ¢ —1) = 10[4(1"' ad )_1] = ),0(2*' 3").

2+x 2+x

cos? o=

Then, Equation {1] becomes

E——}E-(2+x)+ym,c2—m,c2 or L __ b (2+x)+1 7.

Ao Ag\2+3x mc?  mect\2+3x

Thus, 7=1+x—x(22+x

), and with x =137 we get ¥ =1.614.
+3x

Therefore, 2=\/1— 7'2 =+/1-0.384 =0.785 or v = .
c

Scattered
Photon

/\/\»@%14,—

Reconhng @
Electron

(1l

2

31

4




40.42

40.63

AE=(13.6 &V) 5 -—5
n; nf

Where for AE>0 we have absorption and for AE <0 we have emission.

(A) fornij=2and ny=5 AE = 2.86 eV (absorption)

(B) forn;=5andnf=3 AE = - 0.967 eV (emission)

(C) forn;j=7andnf=4 AE = - 0.572 eV (emission)

(D) forni=4and ng=7 AE = 0.572 eV (absorption)
hc

(a) E =7 so the shortest wavelength is emitted in transition .

(b) The atom gains most energy in transition .

(¢) The atom loses energy in transitions .

40.56 From the Bragg condition (Eq. 38.13),
mA =2d sin 8 = 2d cos(9/2)

But, d =asin(¢/2) where a is the lattice spacing.
Thus, with m=1, °®

A =2asin(¢/2) cos(¢/2) =asin ¢

Lk h 6.626x10°# J-s

- = =1.67x10710
PA2mK  5(9.11x107% kg)(54.0x1.60x 107 ) S

Therefore, the lattice spacing is

A 167x100 m ~10 -
a= = =218x107" m= _0.218 nm
sin ¢ sin 50.0°

7°B?R?_ (1.60 x 10~1° C)3(2.00 x 10~ T)%(0.200 m)? o
2m, 2(9.11x 10~ kg) =225x107] = 140 eV = hf - ¢

Kmax =

-15 . 3
9 = hf - Kinax = he _(414x107 eV - 5)(3.00 x 10° m/s)

- K _ _
i 450x10~° m 140eV=|1.36 eV




