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"SOLUTION
“Problem 1 (14%) s o S
(a) Amplitude = 2 '
. _ 2 2w -l
{b) The Wave . number k =53
Thus,  the wavelength A = 30 cm

(c) Using Eq,'(2.3) in the notes, the angular frequency
-1

o= 2T
) 21rv-0.lsec

Thus, the frequency

1 -1

_ 1 sl oy
v = 0. 01 sec 100 sec

(d) The speed of propagatlon or the phase veloc1ty is given: by Eq. (2.4) in the notes.

vp ’ = (100 sec 1)(30 cm)

= 3000 cm - sec™ !

Problem 2 (141)' ' ‘. | - o
" Using Ed; (2.19) in the notes,
‘ _,?/?F?
A= Yo |
h = 6.6252 x 1072/ erg. sec

6.6252 x 10~3%
-31

"

joule. sec
9.1 x 10
ilOO eV

3
it

kg

(100eV)(1.6 x 10° -10

joule/eV)

[}

1.6 x 10°17 joule

H

Hence,

[{6.6252 x 10-3‘) ioulez sacz

2(9.1 x 10‘31kg)(1 6 x 107 -7 Jou]e)
-10,

= 1 .2 X 10
=128

g




" This is the same order of magnitude as the size of an atom or the spacing between
- adjacent planes of atoms in a solid. As will be seen in Chapter 3, \thls character—
- istic makes an electron beam suitable for diffraction in solids.

- Problem 3 (16%) .

1 2 -1
- -> > .
a; - a2 X ag = OJ 1 1

. ) 1 -10

1(0+1) - 2(0-1) - 1(0-1)
. .

Problem 4  (16%) »
According to Eq. (2.33) in the notes,
> -.gl” >
‘-bl =3 (a2 X a3) ,
a
where Q, is the volume of the unit cell in real space.
The volume Q of the unit cell in reciprocal space is given by
Qb =E LNP(B’zx-ﬁa)

= (2"){(a 3y - (B, x BT

- (%)[(zw)?- -

- (2m)3

' Problem 5 (407)
(a)




" (h)

'(d) By inspection, knowing that '51. . a, = 2"‘51' <y we obtain

J J

(e) 7
—_— X
(f) (B, =
B,] =
(9) o =58
Note that q = Q%;E s ' ,

which is the two-dimensional version of Eq. (2.34) in the notes.
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Naturally occurring copper has an atomic weight of 63.55.
Its principal isotopes are Cu’3 and CuS’. What is the

abundance (in atomic percent) of each isotope?

| '>< C«‘3+J C“®= 054

or

63~ + 453 = 63.55

or

63x + 65(1-x)=63.55

or

65— Ax = £3.55

or

Qx =(5.00 6355

or
X=0.725

el

‘7= /- = 0.275

J/Vﬂg :

71257 0.3 ol 2757 C.*

FVoLIQM 7

VO—-/b—»-o- o o o <~ 2(sp)
-6.5 .

Eptegy (V)

2839 —» -0

Note :

The orbital electrons of an atom can be ejected by expo-
sure to 2 beam of electromagnetic radiation. Specifically,
an electron can be ejected by a photon with energy greater
than or equal to the electron’s binding energy. Given
that the photon energy (E) is equal to hc/A. where k is
Planck’s constant, ¢ the speed of light, and A the wave-
length, calculate the minimum wavelength of radiation
necessary (o eject a 1s electron from a 12C atom. (See
Figure 2.3)

Froms Figune 2=3, [E]=z 2£3.9¢ V.

P A

=(0.662x10™° 7.5 X0.2998x10 % /)
(83.9eVX(1T/6.242x10% v)

=4.37%/0 ¥ x Lo Sr079,
= 4.37 nn

We sae Ho '))mhéw& of o et th;:i
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Once the s electron is ejected from a *2C atom. as de-
scribed in Problem 2.10, there is a tendency for one of the
2(sp°) electrons to drop into the 1s level. The result is
the emission of a photon with an energy precisely equal
1o the energy change associated with the electron transi-
tion. Calculate the wavelength of the photon that would
be emitted from a !2C awm. (You will note various ex-
amples of this concept throughout the text in relation to
the chemical analysis of engineering materials.)

o Fawned—3 ool “ tang Ao
W:’ﬁﬂ% % %w/ﬁ,

/AE/: /-213.9-/-4.5)/&/
= 2774 eV
i A ::_A_C_'_
4E

=(0.6062 XIO'S{ZS)@.??%’ A0 /s)
(277 4ev)(1T/6.242¢0% /)

= 4.47)(/0' ’». x .l.....//a"..
= 4.47)"»\

frablem 7

The mechanism for producing a photon of specific en-
ergy is outined in Problem 2.11. The magnitude of
pboton energy increases with the atomic number of the
atom from which emission occurs. (This is due o the
stronger binding forces between the negative electrons
and the positive nucleus as the numbers of protons and
elecrons increase with atomic number.) As noted in
Problem 2.10, £ = hc/A, which means that a higher-
energy photon will have a shorter wavelength. Verify that
higher atomic number materials will emit higher-energy.
shorter-wavelength photons by calculating £ and A for
emission from iron (atomic number 26 compared to §
for carbon), given that the energy levels for the first two
electron orbitals in iron are at —7,112eV and ~708eV.

) /AE/: /-7,//.2 -(-70:)/5!/ = 404V

or = he _ (06626x:0"37.5)(0. 2998 x0 m/s)

AL T (t404eVv)(1T/6.242 x0%ey)

= /.94,00—“’4,,4,.,//0-2... = 0./194 nm




