LN-5 IDLE MIND SOLUTIONS

1. (a) Schematic X-ray spectrum from a Mo target.

MoK Kq and Kg constitute characteristic
target radiation.
2
2
g ~Kp
- Bremsstrahlung e Ko
2e”
electron
nﬁ removed
} ) ) ; from
)\SWL )\KB )\KO( K shell
(b) Characteristic Radiation:
After the vacancy is generated in the K
shell, it may be filled by an electron e mvg
transition from either the L shell (Mo Kq B, = > (Vo < vy)
line) or from the M shell (Mo Kg line). E
Since the Kg transition is less likely to ke NN hVBremsstrahiung

take place, its intensity on the spectrum

is less than that of the K, line. hv = AEg

Bremsstrahlung:

Bremsstrahlung constitutes conversion of Ej, into hv, brought about by the
deceleration of an electron upon close approach to the (potential energy
barrier of the) nucleus. For an X—ray generator with Eki, (electron) = eV, the
shortest A observable corresponds to a deceleration to v=0, or to the total
conversion of eV into hv, thus Agy, = hc/eV.

_ hc _ 1.2x10-6 _ 1.2 x 104 [z _ ~10
©) Agy = o v (m) Y (A) 0.3x107 % m

2. In a BCC structure the smallest 6 observable corresponds to the family of {110}
planes. Given a = 10 x 10~10 m, we find d(110) to be:

a —-10
< =17.07 x 10 m
J2

dllO

continued.



Continued.

Looking at a diffraction experiment we realize that 6110y will increase with
increasing A and can assume a maximum value of 90° for which sin® = 1. For this
maximum diffraction condition, the Bragg relation is reduced to:

b= 2dyp = 2x707x107%m = |14.14 x 10" m

This finding means that any A > 14.14 x 10~10 m will not be able to lead to (110)
diffraction.

To determine the lattice constant “a” for the metal requires identification of the
Miller indices corresponding to the given diffraction angles — 6 — which in turn first
requires identification of the particular cubic system involved. To accomplish this
identification, let us consider:

(@) Selection rules: S.C. All planes diffract
B.C.C. Planes with (h+k+l) = even number diffract
F.C.C. Planes with only even or only odd (h,k,l)
indices diffract

(b) The modified Bragg equation:
A2 sinZ6

= = const.
4a?  (h2 + k? +12)

Taking (a) and (b), we find:

sin8,  sin?0,  sin?0; _ sin26,

SC 1 -~ 5 =~ ~—3 =——g§ = const.
sin0, _ sin?0, _ sin?0;  sin?6,

BCC 5~ =4 -6 - 14 - const.
in2 in2 in2

Fcc SN 6, _ sin“B, _ sin“0; _ const.

3 4 8

(continued)
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Continued.

(@) The problem can now be reduced to finding the constant ratio, which
requires finding the sin26 values.

sin20 A quick look at the data suggests a BCC
Q) o118 system since sin2@; is about 7 x sin26;.
(2) 0.238 -
(3)  0.355 We flnd._
(4) 0.474 sin?87 _ 4 059
(5) 0.590 14 '
(6) 0.710 and
(7) 0.828 sin26,
= 0.059

2

A reminder: For the system to be SC (simple cubic):

sin20,  sin?6,
— =3 (0.118 = 0.103)

For BCC the smallest 0 value corresponds to the {110} family. Therefore:

A=2dsin®
_ A _ 1541 x10-10 T
duo) = Z5ine, 2 x 0.344 2.24 x 107" m

a
/h2 + k2 + I2

We also have: d,, = and a =dx,2

a=3.17x1010m

(b) For a BCC system we find that atoms are in contact along the body diagonal:

a/3 =4r and| r :aT/§ = 137 x 10710 m




4. Cr: BCC;r=1.30x1010m

In BCC systems the relationship between r and a is given by:

-10
a\/§ — 4r and a = ﬂ — 4X130X10 — 3.00X10_1om

/3 /3

The first diffraction peak for BCC corresponds to {110} planes; thus:

A = 2d sin@

sinf, = 2= (dyyp =

A a
-~ 2d )

2

L M2 _ 563

" 2a 2a
/2

0, = 21.3°

Pd: FCC;r=1.37x1019m

a/2 =4r : a=2/2r =387x10"m

According to the selection rules, the first diffraction peak corresponds to the family
of {111} planes:

a -
digg) = B 223 x1071%m
sinB, = 2 = 0.345

1> 2d 7
0; = 20.2°

5. (a) While the diffraction angle for the (112) planes of Au can readily be
calculated, this calculation serves no purpose since the selection rules
prohibit diffraction at this set of planes! (FCC!)



5.

7.

Continued.

(b) Diffraction on {220} planes is encountered.
For FCC we have:

a/2 =4 and a =% = 2/2r = 413x 10" m

V2
a -
and  dyp0 = B 1.46 x 10719 m
A =2dsin 6
sin® = A/(2d) = 0.342
6 = 20°

(&) The maximum energy (eV) of the electrons corresponds to the generation of
AswL as bremsstrahlung. Thus:

_hc _ 1.24 x 106 _ -10
howt = gy = oy (M) = 182x107m

Since AKq is smaller than Agyyy, it is clear that the energy of the incident
electrons is insufficient to remove an electron from the K shell of Cu and thus
no Ky radiation can be generated.

(b) This question was answered in (a):| Agw, =1.82 x 10710 m

(c) The answer to this question is no! This answer can be explained on the
basis of an energy diagram.

energy required to remove an electron

-E from the K shell! It can be seen that this
' energy (required to generate Kg

radiation through the removal of an

M electron from the K shell) is significantly
L more than that associated with CuKpg
» CUKg -

|~ radiation.

L K

The system can only be BCC since sin26- is 7 x sin0;; in SC systems the value of
sin20 after 0.600 would be 0.800!



8.

10.

The shortest wavelength emanated by a tube is given by:

Aswi = hc/eV (Bremsstrahlung)
a=3.26x10"10m

BCC structure; first diffraction occurs on {110} planes:

_ a _ 326 _
Yo = e e 2 L2

A = 2d sin®

sinBisalways<1,soA<2d<|4.62x1010m

Aswi = 4.62 x 10710 = hc/eV

_ _6.63x10-3 x 3 x 108
1.6 x 10719 x 4.62 x 10-10

E-e-V soV = 425x10°19J  _[ 5590 volt
1.6 x 10-19 eV/J

(a) SC: 9{ 100}
(b) BCC: 0110}

(c) FCC: 9{ 111}

We determine the crystal system and from the constant ratio [(sin20)/(h2+k2+I2) =
\2/4a?] we obtain “a” since A is given. We look at 01, 8, (better sin26) and, if
necessary, at 6.

0 sinB sin20
(1) 13.70 0.2368 0.56092
(2) 15.89 0.2738 0.74962

(7) 36.62



10. Continued.

LN-5

The sin20 values do not suggest BCC or SC structure, so that leaves FCC. We
need only the first two ratios, but, for the exercise, let us identify all 9 diffraction

lines!

(1)
)
®3)
(4)
()
(6)
(7)
(8)
(9)

A brief check:

(o)

13.70
15.89
22.75
26.91
28.25
33.15
36.62
37.60

41.95

A2

4a?

A= 2d(111) sin 13.70

A = 22 sin 13.70

_ 154x,/3
2 x 0.2368

sinBg

0.2368

0.2738

0.3867

0.4526

0.4733

0.5468

0.5965

0.6101

0.6685

= 0.0187

/3

sin20g/(h2+k2+12)

5.63A

0.05609/3

0.07496/4

0.1496/8

0.2048/11

0.2240/12

0.2990/16

0.3558/19

0.3723/20

0.4469/24

~ 1542 ~
&= Vaxooisr 5.63A =

ratio

0.0187

0.0187

0.0187

0.0186

0.0187

0.0187

0.0187

0.0186

0.0186

(111)
(200)
(220)
(311)
(222)
(400)
(331)
(420)

(422)

563 x 10719 m




11.

12.

First we determine AKy(Cu). We also know that Ag crystallizes in an FCC lattice;
thus the three smallest 65 values are generated by the (111), (200), and (220)
planes.

Using the Bragg relation, A = 2d, 1y SinBg, we recognize that we have two
unknowns: d(“a”) and Bg (to be determined).

A= 2d(111) sin61 d(lll) =

Wil

B 6.02 x 1023

d(111) = 2.36 x 10719 m
10.3 x 1076 = (Na/4)a3

0, = sin-1_1.54x 10710 _ 19 g0

! 2 x 2.36 x 1010
. -10

6, = sin~' X1§g4X51X010_10 = 22.1°] [dpog = a//4 = 2.045A]
. -10

85 = sin~' xl'f.i4xalx010—10 = 322°| [dp = a//8 = 1.446A]

In any X-ray tube, the shortest wavelength of X-rays generated (regardless of the
target material) will be: Agy = hc/eV. Moreover, the “longest” wavelength still
generating diffraction will do so with a g — 90°. Therefore, the limiting

wavelength criterion is given by:

(continued)



12.

13.

Continued.

Potassium (K) has BCC structure; thus the smallest 6 is associated with {110}
diffraction (= the largest interplanar spacing):

_ _n~a _ hc
)‘SWL = 2d(110) = 25 eV

-6
v = _—hc a — 3/2x4546 x 1076 _ oo
€x 2% 6.02 x 1023
 6.63x10-3% x3x 108 _ -
Vs = |1. 103 Vol
16 x 10-19 2x5.32x10-* 65 x 10° Volt
J2

We first determine the lattice constant (a) for Au, and then the wavelength (Ap)
available for diffraction which, in conjunction with the Bragg relationship, will yield
the diffraction angle for (220) planes:

Au: FCC; mol. vol. =10.2 cm3

-6
= R - [

Electrons accelerated by 45 kV will have a kinetic energy of:
Exin = 4.5 x 104 x 1.6 x 10719 J = (mv?)/2

For convenience, let us determine v, the velocity of the electrons, and insert the
value into the deBroglie equation:

4 —19
v = /9x10%x1.6 x 10 1.26 x 108 m/s
9.1 x 10-31 _ L
(we ignore relativistic effects)
A = h _ 6.63 x 1034
P mv 9.1 x 1031 x 1.26 x 108

Ap=5.8x10"12m (a short A, 8g will certainly be small)




13. Continued.

hp = 2dgg sin® = 2-& sing = iz sin

/8 V2
A -12
0 = sin"1 -2 — sin-1 28 x 10 x |2
% 4.08 x 1010
2

14. From the selection rules we recognize that the first diffraction peak in BCC
systems is due to (110) planes.

For vanadium, VKy = 3/4 R(23-1)2=3.98 x 109 m™1
and AKq=251x1010m
A =2d sinB
_ 251 x 10-10

= 1.885 x 10710 m

i) = 2 sin 41.75

a
/h2 + k2 + I2

dpg =

a = d(;g) X 2

a=266x1010m

15. First order diffraction refers to “n” in the Bragg equation being one.

v Ag Kq = 3/4 R(46)2 = 1.74 x 1010 m~1
A Ag Kg=0.574%x1010m

Fe = BCC structure

A=2d sin 6
(110) sing = —»
2d 110,

8 = sin~?! = | 8.15°
2d 1




16. Ta: BCC structure; the smallest 6 is due to (110) reflections.
A = 2d(110) SinB
To determine A, we must know d(110y — that means “a”, the lattice constant.
For Ta:

1.09 x 1075 (m3/mole) = (Na/2)a3

-5
a = \3/2 )ééfi ’;0122 = 331 x 10710 m

d =2 =234x10"9m

(110) \/5
A=2x2.34x1010x sin 29.35
A=229x1010m : v=4.36x109 m1

Taking the Moseley relationship, we have:

4.36 x 10° = 3/4 R (Z-1)?

_ 1y - /4 x4.36x10° _
Z 1)_\/ =2 23

Z=24

The unknown target material is chromium (Cr) .

17. (a) First, realize that the two lines nearest the undiffracted beam will be due to
the same diffraction cone (use the 3.091 diffraction software if you need to
convince yourself of this). This cone will be due to {111} planes , which
have the widest spacing in the FCC structure, and thus have the smallest
diffraction angle, 26.

(continued)



17. Continued.

(b) The radius of the camera is 5 cm, so a separation of 7.8 cm between lines is
an angle of 7.8/5 radians = 1.56 radians = 89°. This separation represents
twice the diffraction angle, so 26 = 44.5°, and 0,97 = 22.25°.

_ MuK, _  154A _
41 = Fain 0, 2sin 22.25 2.034A

a = dy; /3 = 3.52A

For the FCC structure: a/§ =4 ,s0|r = = 1.24A

=2
N

18. We first determine A, for the electrons through the deBroglie relationship,
Ap = h/(mv). This requires knowledge of v:

2e x V
m

Eo =exV=(mvd)/2 v =

Thus: kp = h = h

m/zeTxv v2e x V. x m

Ap=3.9x10712m

A = 2d(hi) SinG; to determine 6 we must know d(11), given by a/ /6. We must first
determine the lattice constant (a) for gold (Au). From the P/T we get:
molar volume = 10.2 x 10~% m3; accordingly (Au = FCC):

23
102 x 1076 = w x a3

-6
= 3/—206{32);1%23 = 408 x 1071 m

-10
q _ 408 x 10

112) — /6

We now find that:

= 166 x 10710 m

—-12
sing = —» - _39x10 — 117 x 102

2djy 2 x 1.66 x 10710

0 =sin"11.17 x10°2 = 0.67°

After you have determined 6, think for a moment! OK!? Selection rules tell you that
diffraction on {112} planes are destructively interfered with! No diffraction on {112}!



19.

20.

We first determine the crystal system, then (knowing A) we determine a and obtain
the asked for molar volume.

26 3] sin@ sin?6
(@) 40.500° 20.25 0.3461 0.1198
(b) 58.60° 29.30 0.4894 0.2395
(c) 132.60° 66.30 0.9156 0.8384

We recognize 0.8384 = 7 x 0.1198; this means (sin26,)/14 = (sin26,)/2 = const.
The system is BCC.

A = 2d sinf, = 2 -2 sing
(110) 1 >
/ -10
a = 12 x21).(5313‘>1(610 = 315 x 107 m

Molar volume = Np/2(a3 = 9.4 x 1076 m3/mole = 9.4 cm3/mole

From information in the P/T we know the molar volume of Ag at 300K. This allows
us to determine 6(111) through the lattice constant. With the given AB we can obtain
B(111) at 1073K (which is 800°C).

At 300K:  Molar Volume = 10.3 x 106 = Na/4(a3)

-6
R TECERELEE

4.09 x 10—10 ~10
d = = 2.361 x 10
(111) 3

A= 2d(111) sin@

~10
01y = sin~? A = sip-1-0.709 x 10 = 8.64°

Zd(lll) 2 X 2.361 x 10_10

At 800°C (1073K): 6111 = 8.64 — 0.11 = 8.53°

(continued next page)



20. Continued:

21.

Correspondingly:

- A _ ~10 @
duy = Famgss = 2 X 1070m = 2

a =,/3x239x10"9m = 4.14x 1010

Molar Volume = Na/4 x a3 = 10.7 x 10 m3/mole

= 110.7 cm3/mole

We recognize that the existence of (100) diffraction indicates a simple cubic
system. After determining the lattice constant, we can obtain the central void
dimension and answer the question.

Required: (100) diffraction = SC
SC structure: d(190) = @

A =2d sinB = 2a sin 6
a = A\/(2sinB)
(The way the question is phrased, it may not appear clear if 14.88° is 6. The

diffraction expert would take 14.88° = 26, but you may have a different idea. Both
assumptions are taken as correct.) Accordingly:

o _ . _ A _ 1541 _
(@ 1488° =6, | a =59 = 50057 | S0A

o _ .. _ 1541  _
(b)  14.88° =20, | a = 5o = 530409 © LO9%A

In the SC system we have a central void; an atom in this location is bounded
along the body diagonal by all eight atoms:

(continued next page)



21.

22.

Continued.

2r=a

a/3 =2r+ 2R = a + 2R

2R = a/3 —a = a(/3-1)

_ a(/§2— 1)

R = 0.366 a

For (a): R = 0.366 x 3.0 = 1.1A R = maximum radius for
interstitial atoms
For (b): R = 0.366 x 5.95 = 2.18A

Since the maximum radius for interstitial atoms is 1.1 and 2.18 A for (a) and (b)
respectively, an atom with r = 1.08A can be accommodated  without lattice
distortion in either crystal lattice.

In a BCC system, the first diffraction (smallest 6) occurs on {110} planes (see
selection rules, LN5-11). Given the lattice constant (a = 5.54), we find the d(110)
spacing at

5.
dyig = 2= = 3.89A

J2

In order to obtain {110} diffraction (maximum 6 = 90° and sin6 = 1), A < 2d must be
satisfied.

Since no target material for the tube is indicated, we take the smallest A available
from the X—ray generator, Agy :

hc
hswi = gy 1_10.3A

2d=3.89x2=7.78 A

We find 10.3 > 7.78 and therefore no diffraction cone can be generated by this
particular powder with the available X—rays.



23.

24.

Grind the material to powder and do a Debye—Scherrer diffraction with CuKg
radiation (A listed or calculated). If the film shows diffraction lines, the material is
crystalline [the answer to (a)]. If the sin20 values for the first and seventh lines
yield a constant ratio for:

sin20, _ sin26, .
5— = —qz = cons

we are dealing with a BCC structure [answer to (b)]. We obtain the lattice constant
through the Bragg equation:

A= Zd(llO) sinB; [ d(llO) = % ]
2a
AL = £2 sind
\/E 1
_ 2
2sin0,

To solve the problem we first determine the longest wavelength still capable of
causing diffraction. From the Bragg relation: A = 2d ) sinB. To get diffraction, 6
may assume a maximum value of 90° (sin 90° = 1). Accordingly:

Amax = 2d(hki)-

In FCC systems the largest diffraction d is d(111):

Mmax = 2dggqp) = 2(a//3) =| 6.93A

Using the Moseley relation we know that ACr(Ky) = 2.3A. Therefore diffraction will
take place if Ky radiation is generated by a 1.5 kV accelerating potential, or if Agy
is equal or less than 6.93A!

Aswi = (he)leV = (12.4 x 1076)/V =8.29 x 10710 m

We recognize that A\ > Amax- There cannot be any diffraction given the
X—rays from a tube operated at V=1.5x 10 3 Volt.



25. From Moseley’s law we know that AK, O 1/Z2. As a first approximation, by
comparing CuKy, and MoK, we therefore have:

29\?
MoK, = 1.542(5) = 0.735A

Or, more accurately:

2
29 — 1\" _
1.542 (42 — 1) = 0.719A

(The listed value for AKy (Mo) = 0.71A)

Since in replacing a Cu target with a Mo target the resulting AKy is decreased, it
must be expected that the first diffraction peak will shift to a smaller 0!!

26. Vanadium is BCC. The largest diffracting d is d(110). From the Bragg relation,
A = 2d(nk) sin6, we recognize that 8 can go up to 90° (sinB = 1) and the longest
wavelength still giving diffraction is seen to be:

AMmax = Zd(llo) = Z(a/\/i)
For vanadium:

Mol.Vol. = Np/2 x a3

-6
a = \3/2 23-27?( "10122 = 3.08 x 10710 m

= (435 x 10719 m




27. Mo: Z=42; Ky - (n=2; nF=1); o0=1

- _ 2l 1 1
Ve, = R(Z-1) [ﬁ — F]
f 2

Ve, = 1.097- 107[%](42 — 1)2[i _ L]

12 22
Vi, = 1.38-10%m~1
Mo = == = 7.25-10 m
Ko VKa '
28. 1 2| 1 1
— =¥, = RZ-19= -
- _112.3
R(Z — 1) 2

Z = 23 (Vandium)

29. Ni=FCC; n=4; AtWt =58.7; p = 8.9 g/cm3
To get the longest wavelength diffracting in Ni — we look for diffracting planes with
maximum spacing ({111}) and we operate at the maximum 6 possible (90°)

b = 2dq Sin6 = 2% sin90° = 2%

for nickel:

a(Ni) = 3/8_9 .52';2"41023 - 35210 %m - AM_ _ 352.101m
L= & 3'52@' 1072 _ | 4.06 - 10~ m




LN-5

30.
V)
0O O
€~ beam —
—»YMO target
r S—
; (Z2=42)
SwL eV acc.Voltage 5-104
=| 2.48x10 11m
70 Kg,
A = — % o 723x104m
_ Ka 3R(z — 1)?
a2
£ Kg ;
x 10 how did I getAka? v, = R(Z - 1)2Z
> [ Y S
= v 3R(Z — 1)2
C
()
k=
Aswl =f(V) wavelength




31.

32.

33.

Electron diffraction makes use of the deBroglie relationship: &, = %;we need
d(111) that means we need, a, the lattice constant since: d(111) = %;the energy
of the electron(s) is V(acc)=MVv2/2 .
_ , _ 2a_.
h = 2d4qy) sin 6 = /§3|n6
3
Ay = 28sin6° 4 = 9102-10%-4 _ ,4g.10-10
SE 6.02 - 1023 '
hp = 2-408-107%0 . gingo — 49210~ 1m
P /3
_ _ mv2
Eg = eV = o
2 2
V = m- h = h =
e mZ}% 2em>»% 623.6 Volt

Let's make use of the data in problem (29): a = 3.52x10-1%m; smallest
acceleration potential means operating with the shortest A achievable at a given
acceleration potential:

. 10-6
howl = %; the longest A giving diffraction is at 8=90° on planes with
largest interplanar spacing ({111}).
A = 2d,,,1,5N90 = 2& = 40610 m
SWL (111) 73
406 -10-10 — 1.24-107°
' V
.10-6
v = 1.24-107° 1 306 . 10%volt
4.06 - 1010

Operate at the unit cell level with the atomic volume:
Atomic Volume = % = %a3 ; solve for At.wt.

] g

. 23
‘a-g = %- (0.316 - 1093 - 19.3 - 106%

Atwt = 181.6g

(the factor of 106 associated with the density term accounts
for the change of units from g/cm3 to g/m3)



34. A diffraction set-up is asked for with specification of conditions for achievement of
AKy. You have the choice of material to be used as monochrometer; first
determine AKq (for Ni target) then decide on monochrometor material. You could
use Ni, or more conveniently, you just determine the atomic weight for tungsten
(W; the W stands for Wolfram, the official german name) and you have its lattice
constant.

p (110)

W monochrometer (110)

diffraction set up:

X - 6
White Ni radiation

collimator

-— MK, (Ni)
Fe (to be analyzed)
NiK, VK, = 272-1.097-107-2 (m~})
= 6.0x10% (m)
Mg = 1.67 x 10710m

To isolate Ky from White Ni radiation we establish diffraction for
A =1.67 x 10719 m on (110) planes:

Mg = 2d(35psin6 = 28 sing

/2
. . -10
sing = 12Ma _ J2-167-10 0.374
2a 2-3.16-10-10

O = sin! 0374 =| 21.9°




35. Determine the energy/photon then A of radiation and use the Mosley relation to
find Z the atomic #.

Ephoton = 7-725 - 1083/6.02 - 10 = 1.28 - 10~ *°J/photon
hcv = %
po= —NC _ _ 1855-10"0m ;V = 6.45-10°m~!
1.28 - 1015
vV = 6.45-10° = (Z—l)ZR%

4 - 6.45 - 109
zZ = + 1 = 28+ 1= |29]| (copper
\/3-1.097-107 (copper)

36. This is a simple application of the Bragg relation: We determine “a” for Fe(BCC)
and AKy for Ni and insert:
AKq (Ni) we know from Problem (34); it is 1.67 x 10~19m the lattice constant for

. . -6
0 = 3/2 7.1 -10 _ 28710~

6.02 - 1023
re(Eeey sinf = /2 _ 2 L67-10°00 gy
2.287-10-10 2-2.87-10"10 '
8 = sin~! 0411 = 24.3°

37. The unit cell is defined as a cell bounded by 3 sets of parallel planes which will fill
all space when translated by multiples of the plane spacings. Cells that contain a
total of one lattice point are called primitive cells, others are called “non—primitive”
cells. Each cell is characterized by volume, shape and contents.

38. (a) close packed array of equal sized spheres (FCC) ————— 12
(b) simple cubic structure (SC) ———— 6
(c) body centered cubic lattice (BCC) ——— 8

39. If two or more parallel interacting waves are moving through a medium, the
resultant wave function at any point is the algebraic sum of the wave functions of
the individual waves. As a consequence of this “superposition” principle, the
intensity of 2 waves that are coherent and have the same wavelength
(coincidence of maxima and minima; Ax=nA) is increased (constructive
interference); while that of waves, in which the maxima of one coincide with the
minima of the other, is reduced (destructive interference).

AVAY4 NN\
/\/\//V\\/\/\



39.

40.

LN-5

Continued.

Diffraction of x—ray is the result of scattering and interference in ordered structures
(crystals). Coherent x—rays, scattered at atomic planes, will exhibit constructive
interference in directions for which the scattered rays, at parallel planes, result in
path differences of one or more A. Coherent x—rays, scattered at parallel planes,
will experience destructive interference in directions along which the scattered
rays experience a path difference of (n—1/2)A.

High quality Al single crystals will always have dislocations and

“dislocation generators” which under stress generate more and more dislocations.
Under stress, these dislocations move more readily in the slip system from one
side of a crystal to the other; thus leading to slip, plastic deformation, limiting the
tensile strength of aluminum. In fine grained Al you also have dislocations. In fact,
there are many more than in the perfect crystal. When you apply stress, the
dislocations move readily. However, they get arrested at the first grain boundary.
Here stress may still persist and slip will be initiated, again along a slip plane,
which no longer is in the same direction. The arrests of slip and changing slip
directions from grain to grain lead to a significant reduction in the magnitude of
deformation. The strength is increased.





