Analytical Methods for Materials

Lesson 14
Crystallography and Crystal Structures — continued

Suqggested Reading

Ch. 6 in Waseda

Ch. 1 — C. Kittel, Introduction to Solid State Physics, 3/ Edition, Wiley (1956).

Excerpt from ASM Metals Handbook.

Chs. 1 and 3 — M. DeGraef and M.E. McHenry, Structure of Materials, Cambridge (2007).
Chs. 1 and 3 — S.M. Allen and E.L. Thomas, The Structure of Materials, Wiley (1999).
Chs. 3 and 4 — R. Tilley, Crystals and Crystal Structures, Wiley (2006).
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Graphical representation of space groups

 International Tables for Crystallography

— Expensive eight volume book series
published by Springer. Volume A
contains Space-group symmetry. You
can access some of this information on
line through the University of Alabama
Libraries web site.

— An inexpensive Brief Teaching Edition

of Volume A (ISBN 978-0-7923-6591-4)
Is available from the International Union
of Crystallography (http://www.iucr.orq).
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 |nformation In Tables

Diagrams of symmetry elements

* One shows effect of operation of
symmetry elements

* One shows location of various
symmetry elements

Origin

Asymmetric unit
Symmetry operations
Generators selected

Positions, multiplicities, site
symmetries, coordinates, reflection
conditions

Symmetry of special projections
Maximal non-isomorphic subgroups

Maximal isomorphic subgroups of
lowest index

Minimal non-isomorphic supergroups
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Full H-M notation — F m3m O, m3m cubic < Lattice type
SG number —>No. 225 F 4/m 3 2/m Palterson symmetry Fm3m

Short H-M notation

SG diagrams —

Site
symmetry
of origin

Assymmetric

unit o _
. . Asymmetricunit 0<x<j} 0<y<i 0<z<y y<min(xri-x); z<y
Location of motif Vetices  0,0,0 10,0 54.0 1,34

Symmetry operations

(given on page 153) <« Symmetry opera tions 362

Origin at centre (m3m)



CONTINUED No. 225 Fm3m
Generators

Determine \
sequence of enerators selected (1) 1(1,0,0); #(0,1,0); #(0,0,1); 2(0, %, 4

. . 113,04 (2) (3% (5); (13); (25)
coordinate triplets
. Positions
and reflection

d_ ) Multiplicity, Coordinates Reflection conditions
conditions Wyckoff letter, . ]
Site symmetry (0.0.0)+ (0.:.5)+ (:.0.8)+ (,50+ h, kI permutable
: General:
192 1 1 (D xyz (2) %,7,z (3) Eyz2 (4) x,7,2 hkl © h+kh+1k+1=2n
(3) z,x,y (6) 2,%,3 (7 7,5y (8) Z,x,7 Okl : k1 =2n

9 yz,x (10) y,2,% (11) y,Z,% (12) ¥,z,x hhl . h+1l=2n
Wykoff Dyrz (978 (Syiz  (6)Fxe HOO: h=2n
Mxey  U®izy  (DILF  @)xiy

iti @D g3 (22) 2.5,% @3)z,y.x (24) 7,5,
pos’t’ons (25) x,5.Z (26) x,y,2 (27) x, ¥,z (28) %,z

H HY (29) 7,55 (30) z,x,y 3 z,x,¥ (32) z,%,y
with mUItlp“Clty, G3)5.2x  Gdyix  GSjax (6 yox
W k ﬁ: |etter ) (37) 3,%,2 (38) y,x,z (39) 5,x,Z (40) y,x,Z
@1) %,y 42) x,2,¥ (43) x,2,y (44) %, 2,5

y O (45) 2,¥,x (46) 7,3, X @7 2,5, (48) z,y,x

}ua

Heen Mo

IR AT
BRI

A ]
NI_)-{
gv\_lek tall

LAl TS
Hifpa X
R TIR  T)

Slte Syl I II | l Special: as above, plus
9% k ..m xx,Z X, %,z ,X,% no extra conditions
X,2,X x,z,x x,Z,%
X%z Xx,z x,2,%
Z,X,X XX XX .
9% 7 ..

m 0,y,2 0,%,2 0,72 2,0,y z,0,7 no extra conditions
7.0,y 70,5 ».2,0 $.2,0 »Z,0 ¥.2,0
»0,2 70,2 30,z 5.0,z 0,z,7 0.z.y
If atoms are 02y 0Zy w0 230 230 230
occupying position 8 0 omom2  Lyy b3y iy LRF 0 wly niy no extra conditions
Fhy 75, ¥ i Foni yi.4 V.51
8C1 there are tWO 48 h m.m2 0,y,y 0.7,y 0,35 0,y,5 0,y »0,5 no extra conditions
: 7,0y 50,5 ».50 73,0 »50 3,30
equwalent atoms at ' i e
48 g 2.mm Xt %L X 0% X ER N hkl : h=1n
Ya, Ya, Yo and Ya, Ya, ¥ sxdo L&D xbd ELD O Lix o Lix
32 f .3m XXX XEx XX, X x,X,% no extra conditions
X, x, X X xx x,Xx Foxx
24 e 4m.m x,0,0 %,0,0 0,x,0 0,%,0 0,0,x 0.0, no extra conditions
24 d m.mm 0,35 0.3,3 10,4 50,3 1,0 N hkl : h=2n
8 ¢ 43m i L hkl © h=2n

Ol’thographic 4 b mim 44 no extra conditions
prOjectionS\ 4 a mim 0,0,0 no extra conditions I WkaﬁpOSitions for Cu

=\ . PR
along Symmetry Symmetry of special projections
; . Along [001] p4mm Along [111] p6mm Along [110] c2mm
directions a=:; b=ib a=;(2a-b-c) W=ji(-a+2b-¢) a=i(-a+h) b=c
Origin at 0,0,z Origin at x,x,x Origin at x,x,0
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Fm3m No. 225 CONTINUED

Maximal non-isomorphic subgroups

1 [2] F343m(216) (1;2; 34, 5; 6, 7; 8 9; 10; 11; 12; 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
[2) F432(209) (1;2; 3: 4, 5, 6, 7; 8 9; 10; 11; 12; 13; 145 15; 16; 17; 18; 19; 20; 215 22; 23; 24)+
[2]1 Fm31(Fm3,202) (1;2;3; 4; 5, 6; 7; 8, 9; 10; 115 12; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
[B1F4/m12/mI4/mmm, 139) (1; 2; 3; 4; 13; 14; 15; 16; 25; 26; 27; 28; 37; 38; 39; 40)+
{[3]F4/m12/m(l4/mmm, 139)  (Ll; 2; 3; 4, 17; 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44)+
BIF4/m12/mU4/mmm,139)  (1; 2; 3; 4, 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48)+
[41F132/m(R3m, 166) (1; 5. 9; 14; 19; 24; 25; 29; 33; 38; 43; 48)+
[41F132/m(R3m, 166) (1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42, 48)+
Refer to [4] F 132/m(R3m, 166) (L 7: 10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
. [4] F132/m(R3m, 166) (1; 8 11; 14; 18; 22; 25; 32; 35; 38; 42; 46)+
relations Ha ([4]Pnim224) 15, 9; 14; 19; 24; 25; 29; 33; 38; 43; 48; (4; 6; 11; 16; 18; 23; 28; 30; 35; 40; 42;
b t 47)+(0,4,1); (3; 8 10; 15; 20; 22; 27; 32; 34; 39; 44; 46) + (4,0,4); (2 75 12 13; 17,
efween s i 215 26; 3L; 36; 37; 41; 45) +(4,1,0)
pace (4] Pn3m (224) 1; 6; 12; 13; 18; 24; 25; 30; 36; 37; 42; 48; (4; 5; 10; 15; 19; 23; 28; 29; 34; 39; 43;
A7)+ (0,4,4); (3 75 LL; 16; 17; 22; 27; 31; 35; 40; 41; 46) +(5,0,3); (2; 8; 9 145 20;
groups 21; 26; 32; 33; 38; 44; 45) + (1, 1,0)
[4] Pn3m(224) 15 7: 10; 13; 19; 22; 25; 31; 34; 37; 43; 46; (4; 8; 12; 15; 18; 21; 28; 32; 36; 39; 42;

45)+(0,4,1); (3; 6 9 16; 20; 24; 27; 30; 33; 40; 44; 48) + (4 0.); (2 5 L 145 17;

23; 26; 29; 35; 38; 41; 47) + (4, 1,0)
[41 Pn3m(224) 1; 8; 11: 14; 18; 22; 25; 32; 35; 38; 42; 46; (4, 7, 9; 16; 19; 21; 28; 31; 33; 40; 43;
45)+(0,1,4); (3: 5: 125 15; 17; 24; 27; 29; 36; 39; 41; 48) + (3,0,4); (2; 6; 10; 13; 20;

L 23; 26; 30; 34; 37; 44; 47)+(4,1,0)
[41Pm3m (221) 1:2;3; 45, 6; 7; 8, 9; 10; 11; 12; 13; 14; 155 16; 17: 18; 19; 20; 21; 22; 23; 24; 25; 26;
R 27: 28; 29; 30; 31: 32; 33; 34; 35; 36, 37; 38; 39; 40; 41; 42; 43; 44, 45; 46; 47; 48
[4] Pm3m (221) 1; 2; 3: 4; 13; 14; 15; 16; 25; 26; 27, 28, 37; 38; 39; 40; (9; 10; 11; 12; 17; 18; 19;

20; 33; 34; 35; 36; 41; 42; 43; 44) + (0,3, 1); (5; 6; 7; 8; 21; 22; 23; 24, 29; 30; 31; 32;
45; 46; 47; 48) + (1,0, 1)

[4] Pm3m(221) 1; 2, 3; 4, 17, 18; 19; 20; 25; 26; 27; 28; 41; 42; 43; 44; (9; 10; 11; 12; 21; 22; 23,
24; 33; 34; 35; 36; 45; 46; 47; 48)+(4,0,1); (5; 6; 7; & 13; 14; 15; 16; 29, 30; 31; 32;
37; 38; 39; 40, + (4,4,0)

4] Pm3m(221) 1: 2, 3; 4; 21; 22; 23; 24; 25; 26; 27; 28; 45; 46; 47; 48; (5; 6, 7, 8 17; 18; 19; 20;
20: 30; 31; 32; 41; 42; 43, 44)+(0,1,1); (9 10; 11; 12; 13; 14; 1S; 16; 33%; 34; 35; 36;
| 37; 38; 39; 40) + (L,L,0)
IIb  none

Maximal isomorphic subgroups of lowest index
e [27)Fm3m(a = 3a,b =3b,¢ = 3¢) (225)

Minimal non-isomorphic supergroups
I none
II [2)Pm3m(a = la,b = ib,c = i) (221)

More information can be
found in the international
| Tables!
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CONTINUED
(from page 150)

Symmetry operations
For (0,0,0)+ set
H1 2y 2
(5) 3* x,x,x 6) 3+
(9) 3 x,x,x (10) 3-
(13 2 x,x0 (14) 2
(17) 4 x,0,0 (18) 2
(21) 4* 03,0 (22) 2
(25) 1 0,00 (26) m
(29) 3* x,x,x; 0,00 (30) 3+

(33) 3 x,x,x; 0,00 (34) 3-
BN m x,%z 38 m
(41) 4 x,0,0; 0,00 42) m
(45) 4* 0,0; 0,00 (46) m
For (0,5,,)+ set
(1) 1(0,1,3 (2) 2(0
(5) 3‘(%-%1%) I—%,X—%,I (6) 3
(9) 3 (4,5,1) x—g,x+a,x (10) 3
(13) 2(3,4,0) x,x+i,i (14) 2(-
(7 4 x3,0 (18) 2(
(21) 44(0,3,0) iyi (22) 2(
(251 04 (26) b
(29) 3 x,x+1i,x 0,4,0 30) 3+
(33) 3- x—1,x—1,x 0,0, (34) 3-
(37) g(=i,5,3) x+i %z (38) &
1) 4 xo,z. 0,0,; 42) m
(45) & —iyh —iia "(46) g(
For (3,0,3)+ set
(1) #(3,0,3) @) 2
(5) 3*(1.4,3) xta.x—i.x (6) 3*
(9) 3°(3,3,1) X—gx—5,x (10) 3
(13) 2(;,:,0) x,x— an‘ (14) 2(
(17) 47(4,0.0) x,5,% (18) 2(
(21) 4* {30 (22) 2(
@25 1 10! (26) a
(29) 3 x—4,x—4,x 0,0, (30) 3
(33) 3 x+ixxi 100 (34 3
(37) g(u 4)1) X+”I‘Z (38) g(
(41) 4 x,— .,.. L=l (42) g(
(45) 4 0,,4; 0,0, (46) m
For ($,1,0)+ set
(1) f(zm ) 22
3 (5,5,3) xtgxtix 6) 3*
(9) 3(5,51) I+,,x+,,,x (10) 3-
(13) 2(4.4,0) x,x,0 (14) 2
(17) 4°(3,0,0) X (18) 2(
(21) ‘_“( '1'0) 4,)’.—- (22) 2(
251 3,30 (26) n(
(29) 3* x+4,x,x 1,0,0 30) 3+
(33) 3 x,x4+1,x.0,1,0 (34) 3-
3B m x+2,xz (38) g(4,
41) & x5 400 (42) (3,
45) 4 Iy Lig (46) g(

0,0,z
X,x,X
X, XX
x,%,0
0.y
x,0,x
x50
x,x,%, 0,00
x,%,%, 0,0,0

XXz
xy.y

Xy, x

0.3) 052
Ix+i,%
(13, 0) bR
1:5:0) xE+5
0,3, i) 0.y.y
1.0, :') X_Aiaux

xpi

F=-Lax+i 5 —3,04
X+, E—5,% 0,0‘%

]

a:u:) _3

xy+1,

—5hi) FHLnX

i-3x+4,x5 0 (),3

x+3,5- 1,5 0,—31,4

i) x iz
i) xy+Ly

0,3,5) Y+
H03) x+iax
1,1.0) xy0
:H,x-H,f; 0,5,
x+1,8-4,% 4,0,4
10) xxz

=1) xy+iy

—i) Iipx

1
21

1
»I
73

11
)

No. 225

(3)2 0x0
(D 3* x,i,%
(11) 3 %£,&x
(15) 4~ 0,0,z
(19) 2 0yy
(23) 4 05,0
27 m x,0,2
(31 3 x,x,% 00,0
(35) 3 %,%x; 0,00
(39) 4- 0,0,z; 0,0,0
@3) m xyy
47) 4 0y0; 0,00

(19) 2 0;)’+'!5’

(23J 4 (01230) 'aln w}
@ ¢ xiz

(31) 3* x,%#+4,%, 0,3,0
(35) 3- i—g,x+1,x; -14,1,0
(39) & *h:.Z. —hist
“3) g(0.1,4) xyy

@7 4 iyb b

3)2 iya

(7) 3 x+4,7-4,%
(11) 37 x+4,%5,x
(15) 4°(0,0,3) %f%
(19) 2(0,—1,5) i+
(23) 4 0,3

(27) n(3,0,3) x,0.2
31) 3 x+L5+5L5 41
(35) 3~ #+4,%+1,x; 0,43
(39 & Liz b

(43) g(s,:,.-) S D
(47) Ziy! * %!00

2
(A

3) 2(0,5',0) 30

(7) 3* x+4§,5%

(11 3- (m:"%) T+, 844
(15) 4~ 4.0z

(19) 2(0,5,—3) y+iF
(23) 47(0,1,0) iy

27N a xiz

31) 3 x—4,#+1,5 0,4,~1
35 3 £i+1,x 040
(39) & 0,1,7; 0,1,0

(43) g(z,0:3) xy+iy
@ & Ly b

4 2 %00
(8) 3* % Ax
(12) 3 %,x,%
(16) 4+ 0,0,z
(20) 4* x,0,0
(24) 2 %0,x
(28) m 0,y,z
(32) 3+ £,%,x; 0,00
(36) 3 £x,% 0,00
40) 4+ 0,0,z; 0,0,0
(44) 4* x,0,0; 0,0,0
48) m xy,x

)2 xi:

(8) 3* X, i+3,x

(12) 3 T—j,x+3,%
(16) 4°(0,0,3) 1.4z
(20) 4* x,0,3
(24) 2(—3,0,z) T+5,0x
(28) n(0,3,3) Oz

(32) 3* x+1 x+,,x. 1,0,3
(36) 3 Tt 4
40y & {5z b

(44) 4 xvno 0,50

(48) g(n*u) =i nx

4) 2(%11.0) xxﬂul'
(8) 3* i+l x+ix

(12) 3-(3,-4.5) *—ix+5,%

(16) 4°(0,0,;) &,iz
(20y 4*(3,0,0) x,~3.:
(24) 2 i+10,x

28) ¢ iz

(32) 3" x+1,%8-1.x5 §,—40

36) 3 x+,,x x, 1,00
(40) Z‘ :1 .72’ 4’ ‘):
(44) & x,3.5 i
(48) g(1,0,3) xy.x

(20) 4*(4,00) x,i.:
(24) 2(%101—” f+%1£sx
(28) b iz

(32) 3* #+1,3x 1,00
(36) 3
(40) &' ;,o,z: é.O,()
44) & xi,-4 Li—t
(48) g(i,3,1) x+iyx

FH1x-4,% 1,04

«— Symmetry

operations
Continued from first page

Transform the
Initial point x, v,
Into point under
consideration
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Other sources for information

Pearson’s Handbook of Crystallographic Data
for Intermetallic Phases
— Very inclusive

Smithells Metals Reference Book
— Information for many crystal structures

Various other handbooks

The information provided will allow you to build
up crystal structures.
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3%  Excerpt from Pearson's Handbook

Pearson ‘ ‘ ‘
Symbol

Structure and a,b,c «a,B,y Point
Phase  Type  Space Group (nm) (°) Atoms  Set X y z Occ
Cu Cu cF4 Fm3m 0.36148 Cu 4a 000 000 000 100
(Fm3m)

» A prototype (i.e., structure type) is provided for each phase.
» Pearson symbol and space group tell us Bravais lattice, basis, and symmetry.

« Atoms, Point Set, (x,y,z) and Occ are the Wykoff generating sites.

These are sites of specific atoms in the crystal structure that the space group
symmetry operators act on.

We find these sites in the International Tables for Crystallography, Volume A,
Space Group Symmetry.
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Wyckoff sites and Point Sets
are used to determine site
occupancy.

See this site for high resolution diagrams and tables
http://img.chem.ucl.ac.uk/sgp/mainmenu.htm
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Example for Copper

Cu
1ﬁ (x,uy, z)=(0, 0, 0)

0,72, %

+ —_—
2, Y, 72 (O, O, O)
'}/ b (0,72, %) | Wyckoft
(%,0,%) Coords.

H.J@%‘Oﬁ V. 72.0)_

Stack on every corner

FCC basis



Example for Copper - continued

Normal FCC unit cell

Cu
(%, y,2)=(0, 0, 0)
+ —_—
0, 0, 0)
(0, %, %)
(7,0, %)
(%,%,0) |

_ Wyckoff
Coords.




What about Tungsten (W, atomic humber = 74)

Pearson

Symbol
Structure and a,b,c a,p,y Point
Phase ~ Type  Space Group (nm) (°) Atoms Set x 'y z Occ
W W cl2 Im3m 0.3165 W 2a 000 000 000 100
(Im3m)

e It Is part of space group #229. I’ve presented relevant
Information on next 2 pages. You can also find this
Information online at:

http://img.chem.ucl.ac.uk/sgp/mainmenu.htm
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International Tables for Crystallography (2006). Vol. A, Space group 229, pp. 7T12-T14.

Im3m O, m3m Cubic
No. 229

Patterson symmetry /m3m

Origin at centre (m3m)

Asymmetric unit 0<x<
Vertices 0,0,0

¥<x 7% min(é—xy)

100
Symmetry operations
(given on page T14)

CONTINUED

Generators selected (1) #(1,0.00: r(0, 1,00 r(0.0,1); e(&, 8,40 (200 (3): (50 (13): (25)

Paositions
Multiplicity, Coordinates
Wyckoff letter, o
Site symmetry (0,0,00+  (9.5.204
96 1 1
48 kK i XL £r:z

IIx Ix X

X1 8 4

rLx I Ix
48 §j m.. 0,7,z

i
¥

48 i .2
4 & m.ml vy

7.0,
24 g mm2.. 0t

0t
16 f .3m Ixx frx b

Ixt Irr Irx
127 ¢ 4m.m x, 0,0 &£0,0 0,x,0
12 d dm.2 4.0.% i.0.% 40
8 ¢ 3m 1.4.7 RN 711
6 b 4fmm.m 057 2007 2.5.0
2 a mim 0,0,0

Symmetry of special projections
Along [001] pdmm
@ = (a—h b =i{a+h)

0,50 0,0, x

4,10 0.4.%

Aloag [111] pSmm

a=1(2a—h

¢ W=i{-a+lb

No. 229 Im3m

¥ 0.7
F.5.0

0,
ER

=
]

0,0.x

0.%.%

c)

Reflection conditions

h k! permutable
General:

bkl : R+ k41
Okl - k+l=12n
hil : I =12n
hiD: h=2n

n

Special: as above, plus

no exira conditions

no extra conditions

no extra conditions

no extra conditions
no extra conditions
no extra conditions

no extra conditions
no extra conditions
hkl @ Ef=1n

no extra conditions

no extra conditions

Along [110] p2mm
a=4i-a+h) W=*ic
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Im3m

No. 229

Maximal non-isomorphic subgroups

I [21133m217)
[217432(211)
[2]Im31 {Im3, 204)

[2104/m12/m{I4/mmm, 13%)

[3]174/m12/mil4/mmm, 139}
{ [2104/m 12/ m{I4/mmm, 13%)

[417132/m (R3m, 166)

[4]7132/m(R3m, 166}

[417132/m (R3m, 166)

[411132/m (R 3m, 166)
IMa [2]Pad3m(224)

121 Pm3n(223)
2] Pr3n(222)
121 Pmim(221)

I nonc

i1 5
(1 &
[
(1 &

1:2; 3;
16; 17;
1:2; 3;
16; 17;
1;2; 3;
28; 29;
1:2; 3;
27; 28;

3
23
HE
;3

3

3

s 4 86 Tp B9 10; 113 120 37; 38; 39; 40; 41; 42; 43; 44; 45; 46; 47; 48)+
D4 S0 6 T B9 10; 115 120 13 145 15 160 1T 0 19 20; 20; 22; 23; 24)+
4250 6; T: 8 9 10; 11; 125 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36)+
41

i ; 15; Ié; 25; 26; 27; 28; 37;
4171 9 20; 25; 26; X7; 28;
4; 213 22; 23; 24; 25; 26; X7; 28; 45; 46; 4? AB)+

O 14 19 24 25; 2% 33; 38; 43; 48)+

12; 13; 18; 24; 25; 30; 36; 37; 42; 48)+
10; 13; 19; 22; 25; 31; 34; 37; 43; 46)+
11: 14; 18; 22; 25; 32; 35; 38; 42; 46)+
LR TED
18; 19; 20; 21;
LR TED

;24 25 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36) + {-nﬂ
3; 25; 26; 27; 28; 29; 30; 31; 32; 33; 34; 35; 36, (13
18; 19; 20; 21; 4; 37; 38; 3%; 40; 41; 42; 43; 44; 45; 46; 47; 48) +
456 T 8T 12; 13; 14; 15;
30; 315 32; 33 34; 35; 36; 37; 38; 30; 40; 41; 42; 43; 44; 45; 46; 47; 48} + (L1, 1)
4:5;6: 7; 8; 07 10 11; 12; 13; 145 15; 16; 17; 18; 19; 20; 21; 22; 23; 24; 25; 26;
29; 30; 31; 32; 33; 34; 35; 36; 37; 38; 39; 41 41; 42; 43; 44: 45; 46; 47; 48

Maximal isomorphic subgroups of lowest index
e [27]im3m (g = 3a b = 3b,¢ = 3c) (229)

Minimal non-isomorphic supergroups

I none

1] [4] Pmimia = da b’ = th o = 4c) (221)

Symmetry operations
For (0,0,0)+ set
[
(5) 3" nax
(% 3 rrx
(13) 2 xx0
(17T) 4 x00
21) 4 03,0
25 1 000
{29 3" xraxx 000
{33) 3 xrax 000
3 m xriz
417 4 x,0.0; 0,00
(45) 4 00 0,00

(3) 2 0x0 (4) 2 =00
(M 3 xrx (8) 3° o181
(113 3 £rx (12) 3 Tx,1
(15) 4 D0z (16) 4 00z
(191 2 0379 (20) 4 0,0
(23) 4 D0 (24} 2 20,x
(2T m x0z (28) m Oz
(313 3* x,r.8 000 (32) 3 1,0,x 0,00
(35) 3 1. 00,0 (36) 3 fxg 000

CONTINUED

12 37; 38; 39; 40; 417 420 43; 440 45; 46; 47; 48 (13: 140 15

16; 17; 18; 19; 20; 213 22; 23; 24; (25: 26; 27:

@) 3 (3.8.4) xrx

13) 2013

(17 4 (;.o.m x20
21) #(040) 430

251

29 3
(33) 3
(37 ¢
(41 3
{45) ¥

10) xxi

[RX
rrx b
111’!‘!‘*
xhed,
x0.4 131'
Oy,5; Dig.z

(39 4 0,0,z 00,0 40) ¥ 0,0z 0,0.0
(43) m xxy¥ (44) 4 x0,0; 0,00
(47) & 0,0 0,00 (48) m Ty.x
@ 2{00-}3 1.4z (3) 20,30 (#) 2(3,0,0) x3.4
6) 3 LY s+dxds (T 3+ (8) 33,3, —1) T+H5.0+HEx
(1o 37 (- ) xdd, TR (11} 37($, (12) 37(3,—3.4) 1§ x+dx
(14) 2 x.x+,.'7 (15) 4(00.3) +0z (16) 4°(0,0,4) 0.4z
(18) 2{04.2) iy (190 2 f+27 (20) 4+(3,00) =0z
(22) 2(4, u.i) EX R (23) 4 (040) Oyt (24) 2 r+dhx
(26) ni$4.0) xyt

(30) 31—l x+l% —444

{6) b T+by,

27 n{d04) x4z (28) n[ﬂq Lot
(313 3" x 41,5 44,4 i
(351 3 £+l —
(39) 3 04,7 u,'-i
(43) nl34a) x2y 1L

(470 3 20; 440 imﬂ“ﬂru
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