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Homework No. 6 v
Solution

Problem 1

During the rotation of the reflecting plane, CS traces a circular cone with its
vertex on the z-axis at distance OC from the origin. The equation of a circular

cone with its vertex at (Xg, Yo, %) 1s given by (see CRC standard mathematical tables
by W. H. B:yer)

(x-x0)2 (¥-70) 2 . (z-20)2 _ o
a2 b2 c2
a,b,c, are constants.
Here the vertex is at (0,0,zy)
The equation of the surface is then:
2 2 2

X z-z
* .2 L)t 2
a b2 c2

Note that this cone is symmetric with respect to the yz piane, but not symmetric
with respect to the xy plane

In general a surface with equation F(x,y,z) = 0 has the following symmetries:

1. It is symmetric with respect to the origin if each term of F is of
: . either all even or all odd degree.

2.(13-It is symmetric with respect to the yz plane if F involves only
even powers of x.

(ii) It is symmetric with respect to the xz plane if F involves only
even powers of y.

(iii) It is symmetric with respect to the xy plane if F involves only
even powers of z.

3. The surface is symmetric with respect to the x axis if every term in F
is of either all odd (or all even) degree in y and z. Similarily for y -
and z axes.

We can also see that this surface is not symmetric with respect to the x axis and y
-axis.
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The equation of the xy plane is 2z=0. (3)

The curve formed by the intersection of the cone and the yz plane can be obtained
by substituting equation 3 in equation 2.

2 2 2
ie, X _ T 4f2) =0
. 2
a b c
and 2 9
y _X =1
2 2
B A
where A = ac
Zo
B = be
20

This is the equation of a hyperbola with its loci on the y axis.

So HK is a hyperbola,

Consider the plane normal CN. As the reflecting plane is rotated about the
zone axis, this line describes a plane. Thus, the intersection of this and
the film will be a straight line which is parallel to the directrix of the hyperbola.

y = t-% is called the directrix
\ , ]
e = eccentrieity = b &%L7 ”YperLoa,
a
b = focus
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Problem 2
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Keflection- Transmission

x=90" x=0°

keflecflon
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x = Kx sin O
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t 2:39 sin @
(1) '"L: AL = 230 ftan &
t’,t cos & e ——
pn
(b) F = = cos O
or t f‘,,g- ,
- * - cof O D
ID- ID = Iﬁab cos 6 e /“-(/“)/C-'ﬁ - I‘,RL e—l
cos O ~ P
For t=2t,6 : 2308
0,6
I = I,ab 2 cos 8 e‘/“(-%—ai—e)/w’ & _ 2I,ab -2
b ces O Vand - S <

I -1
_2. = 2e = 2 = O
ID* Y 74 = /-0-2¢

Tlrerefare ) 252, decrease.

Problem 3
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The (/0] P”/e ffju_re in Fz:9. 9-20 is a mixture "f
€a) and (b).

Problem 4

G, =099, x=1 SfeeI(Fg)) BCC : a=2845A.
(@) Diffructometer; lowest-angle reflection ; Mo,

For BCC, Iovest—anj/e ref/ech‘m corresponds to Ilo For 100,

d= 2 SLoa . 2sus A
VREHk*+2* V2 V2

For C«.Ko(, Azl542 /{

US:’nj 3raj§ Law,
,_A;. od ._Lf_ﬁ_- - 0.3F04
2d 2-8645 vz

® = 22:345°

ein® =




For Fe, Culd i A = 3044 e
J

p
For Fe, ¢ = 7-827 j/cm3
H / - .
W= (3044) (7:87) om = 23954 e

From Table 9-1 on Iz 294 "f C“'”‘.tll
7('", Erx = 0.99, K, = 4-61.
For dif{ractoueter,
x ° Ky sin ® - (4-61) (0-3824) em = 327 um
2 p 2 (2395°¢) —_—

(b) D,~ﬁr.dame-ter)- Aiylnest-arg/c reflection ; CuKo,

Frpm B"Qj’ law, ’
A - sine < | .

2d
T/lu.sl A < 2‘(
°or d > %_

For CuKwx, A = 1542 A

Hence, [ .
d > 1542 A =077/ A
2

For cubic s;s'tem)

d = 2

or
Varteerr = -

Since d >0.771 A;

2 < 2:9665 3-7/%,
d 0-771
Thus
VA Y k*+ 4> < 3719
or

A kT+EY <(3-718)% = 13-%
chce, the maximum value fpr h*t k*+ 2", which must be an /n'fejer) is /3.
Howevcr, for 3CC, He structure factor is zers f:r htk*t 0* =13 . For
b+ k*+2%= 12, the structure facf‘ar is not zere. Therefore, the maximum

value 0{ Mtk 2> for = ref/ccfinn is /2. 7Ais  value of hUtk+ L& s

s«i’isfied 5/ the 222 reflection, which s Fhus He Afj/.est-anj/e reflection




For 212, .
d= 28665 A L5295 4
Viz
sin b = 2 - 1542 = 0:93/7

2d 2(0-9275)

For the aliffr actometer,

Ke sino  _ (4-61)(2:9317) _ 4., Mm
2. 2(239576) —_—

X =

(c) Diffraztmeter,- A{yﬁest-qnjlc reflection; CrKe .
For Fe, CrKua : A= i3y
o
7Th "
3 M= (1130) (78T em™ = §90-09 cm!

For CrKkua, A = 2-29/ A:

Prpceed;nj as in (b)),

> ./l s 2-27/ A = /- y
d 2 —— /1455 A
VA #E 2T = & o« 28885 | 5. 5,,4
o /1455
At k42> < 4242
2 z 2
(Ar+k*22*) =y
(hke ) =(a2u)
Hence, .
J= 2-9555‘ﬂ: /.1707. A
V¢
Sin 8 :M___‘: 0-7787
2((-1704)
For the diffrqd'ohe{'er/
2 (#41)(09727) 253 am

2(590-09) |




Problem 5

e ot 23 within same branch of the abx:r,t'ioq_ curve.
Let k be the constant of Proﬁprf;'pna./;t/, ]2,‘;/ /(:,(/1}-

A = Zd Sin 6
X = M = /(* %{' = /(X .
a 2%/ 2° G kd Q"
ﬂcrefvre,
x oc L
A,‘
Pr,obler_n__é__ -
Al . .
Sin®0 s Far a(A) hit
o-111¥ 3  0-03727 3-994 111
0- 1487 4 0-037/8 3777 200
0-294 g 0-03675 4022 220

o403 1 003664 402§ 311

0-43% i2 0°03658 4-031 222
0-583 16 0-036%4% 4-03] 400
o-691 9 0-03437 4+043 331
0727 20 0-03435 4oopg %20
0-§72 24 0-03(33 4045 422

0-981 27 003433 4.085 511 (333)

A=1542A ,
a = 405 A (high angle lines used)
Problem 7 . LT e T .
e ste Lntesity A SsAHKHLD fm a hiel
I 0-245 m } Kp |
2 9-32] vs K 2 0-/605 2-8593 /1o
3 0528 w } Kp
4 0638 s K 4 0. /595 2.8692 200
5 0793 s } K :
6 095% vs Ko 6 0-1597 2- 8464 2171




Ffpm BYij IQW)

A
z/(o( sin? 9,9 = sin? e“
A Ke .

Wﬁerg /L,;\’x//lz/\'p ~ /-2 for most ra.dlai'lans.
A}SD, ’107"2 ‘H\a.f

inz"e»sif/"q3 < intensi t/}f‘&
, ) o
0528 x1-2 = 0-6336 ~ 0-638% => Line 3 is Kp corresponding fo Line </
0265 ¥ /-2 = 0318 22 o0-321 = Lline | is K‘s “torrcs’oniinj to Line -
0793 X /.2 = 09516 2= 0-958 = Line 5 is Kp corrcsponc(inj to Line ¢
sin>0 - A
s 4a*
Assume. F cubic Bravais lattice, Then s takes values 3, %8, ...
Line sin*o s 2P
2 0 32| 3 o-107
¥ 0638 4 e.ite
6 0-95¢ g 0-120

.2
Since S_:_;__Q for various lines are not ‘-PP'oximnfeI/ C?«-q/, the above
asswmption is not valid. Note that sin®0 values Lor lines 2,4

and 6 are in the ratio [ :2:3 . Thus, fr/ I cubic Bravais
lattice, For which s= 2,446, ... :

sin20

Line sin*e s e
2 0-321 2 0+-/4o5
4 o638 4 01595
6 0955 ¢ 01597

The sim*8/s values for the fhree lines are almost ezu.a./, Thus He Jlattice
is mdeed I cubic .

Since  back-reflection lines are more precise, we teke the a values
caleulated on The basis of these lines, Hence,

as=287A.
5/ refcrencc g Afpena/,-x 5, we know Fhat a substance of structure
BCC and a =287 A must be o iron,
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