Leckuge W) DO

é;_%tgmme.&'\"-::'." Qg_mi‘.ssm ! T wter C.(na.b‘\»céé-: G‘aguft& sﬁgc-(n ".{:\-qce.‘:,__ |

) ' afier the % tuter dna,mae. e ouvevall appear ance

by 18 the sawme as e\riéw to the {w‘revd«qnae.

»B . - Du. \.no'k “@mr 5&-‘&‘ -iﬂ_ﬂe— _ i&em‘-ﬁ--t’c X oe eva&{oh
The oblecr is said teo be w aw equival ent pesttion

(A,B L C ave equiv, positiowg fov Gy sywmwmekry)

Poink B¢ wmwmek vy - OpevaXions ._%nc mwefvy  WL.R, T, $ixed po k.

\O '-"i' : Q) AR inaroup ) E iwn group

1 VUU\? O‘Q S\‘ww@‘wt*v-/\ \ ?QU‘&. vous, 5\ _“\-‘ N ci‘rou?' a3 LG\‘B\L A 1@C3

é@rvm_\'\a-\e axis —  AXis o‘Q \A\‘She:. < '%L{W\ neltvy. ,

&

i

The letr hand o vigut haude ace

Lo, ,_;MQS_{L;_&. e o

'5§?§x‘kvw¢w\ oR eqdh othew.

O ct .- , ;Hiv‘v.-_e,r. \Wf-tge

Sinitiown of Gvyp.

I} -l

: ~above plawne + above
o8 ts Wmewber 5_ P T Ay gqeveral object T plane
Tweanse BSelpw ?\o,me o pagel.

seciaXive

#

U\,mmg;k v Ovev:xﬁcianv.t e , o , Cn 3 § ,'o’\,., S (r‘d
¢, J 7

1 Cn C_}o,tdal{as ' whidh bisechs
Y ' vintiple the augle
K.C'V\\ ) ?Mi& f badween e M

, V. \ & s (€ g axes Lv
a0 xdeld axes v te n €ld axis (Co) {\;Nm&‘?&ie. a i

IS {W\?TOQQ\F vetation ("“/h oA Vetlextion tn v \o\ame)‘

Sh'-"‘ fhch ' ')‘é—\%\ —> k"&-]
S = & 1= ¢, S3= B
ND*E— Qov\ % Cm = ﬁ‘\_ E}&\Mﬂia C H \
( Tnkecnalione)) s TS - -

Hermawn ~ Mauocqum Notalion V= € T2 A h= Gy n= J:_.t.v\




G

%L\,‘\EQM %\\e,& \!\0*&*\&')\/‘\ ANV eviyoh

P
\:\E , V=L ) M= 0y oy wm=gd L w TG,
' 7
. ? b Schen €lres
Im-\ewwaiﬂomq\ No*&sﬂ‘ﬂv\ Ve o v‘e’utc\- robg,
'G'(:';\’" 5\1
Exawgles Hoo, Nuy PEyCe, | | 4/wmmwm
. 3
/ \ \.5 . l?’" c""l‘ )Ql Y C.ﬁ‘. 3
= | = / .
E C H Tas \)C‘E ’J..) 3)1 =N C-;;. Dx(..u L
>y N . < b N )
X (-7, \3 G\f 2) ERSIN ) 3
(4 %“t“""“,:-xo““’ \Steveoduamg, o g % g S g Uy
o PN TVONS hos 6 N -
Skteveogvaw ?o'\vx'\?sj Sy, 97 vy R0Q
Ny <% (bo{v\,\‘S \v;. ‘cr. ou S’te\mo% @ above
. above -6 beld % be,ﬁotu

NMete civdle ¢ dot .%O\r' aw o‘o& et above @ b&\obu \f" aune F %muf
fg(%\ns aw & “ Us.e.& Q'ov 5‘aa(e cbuces.

P cs\mu? 0% a cvustal defermives  dhe %\(‘WW&L{T‘( ot the

WaCro SLopic ?(m(s\cm\ ‘aro\oev’\*\es




g suonesado £11UMUAS (21945 JOJ 193)]9 ) MOYS Q) pasn ale SpUel
. ‘wayl areudisap 03 pasn s[oquAs 2yl pue suonessdo Anawwds 1utod Ayl Z-§ Y

A ANd AGW 013DV
=5 O R .wﬂdcsu AGHA YW

] L I _
(w)e

MO) sg|notpuadiad  jojpried’

Jupooy Fue)d TOITN

SR :
: @l ) “~ //\ew . ﬁ.vu
© mW/v v (#)D
o- %) (9)"S
| | wuqm_a soum = (Z)o +Q @ %
uQIsIoAUl = (] )} & v
"S3XE UOISIAAUT AIOVEIOY . @
. O+ (€)o :
_ P auwyd
o © Tt ? 00 Qv
,,. ’ - , @ . PR N \...m._ /UO , O @ AR RTE
& (L 2w O & (D)0
«Q moyeq *O wy~"

/dSo uu_..dg A

i
131095 € Gan0Iq} UOISIAAN] Soxe uonewwn

b

.__«v.v.: u. ,s”do;)‘u.m



3-5 Hermann—-MNauguin netation

In the Hermann-Mauguin system the point groups are designated by
combinations of the symbols for symmetry elements. Some of the
elements of the group are, therefore, immediately apparent from the
symbol, and a few conventions make it possible to deduce the entire
group structure. This system is preferred by crystaliographers because .
it is easily extended to include translational symmetry elements and-
because it specifies the directions of the symmetry axes.

‘The Schoenflies and the Hermann-Mauguin symbols for the thirty-:
two crystallographic point groups are given in Table 3-1, and many of:
the features of the Hermann-Mauguin notation will be revealed by:
comparison with the Schoenflies symbols. The following sumrnary,;'
should further clarify the meanings of the symbols: =

1. Each component of a symbol refers to a different direction. The
terms 2/m, 4/m, and 6/m are single components and refer to only one
direction. In 4/mmm, for example, the 4/m (read “four over m")
indicates that there is a mirror plane perpendicular to a fourfold
rotation axis.

2. The position of an m in a symbol indicates the direction of the
normal to the mirror plane.

3. In the orthorhombic system, the three directions are mutually
perpendicular If we label our axes x,y,z, the symbol mm2 indicates
that mirror planes are perpendicular to x and y, and 4 twofold rotati.
axis is parallel to z. The 2 in this case is redundant since we have seen
that two perpendicular mirror planes inevitably generate a twofold axis.
Note that such symbols as m2m and 2mm correspond to renaming the
axes.

4. If in the tetragonal system the 4 or 4 axis is in the z direction, the
second component of the symbol refers to mutually perpendicular
x and y axes, and the third component refers to directions in the xy plane
that bisect the angles between the x and y axes.

5. In the trigonal and hexagonal systems, a second component in the
symbol refers to equivalent directions (120° or 60° apart) in the plane
normal to the 3, 3, 6, or 6 axis.

6. A third component in the hexagonal system refers to directions
that bisect the angles between the directions specified by the second
components.

7. A 3 in the second position always denotes the cubic system and
refers to the four body diagonals of a cube. The first component of
cubic symbol refers to the cube axes, and a third component refers to
the face diagonals of the cube.
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Cnm cnl'l—l‘(‘l
s,m S,"~™ m,neven
S §,2n=® m, nodd

§,™ = C,™ for n odd and m even.

1-2e Stereographic projection A stercographic projection is a
very useful way to visualize the effects of point symmetry operations.
It is usually constructed by assuming that a unit sphere surrounds the
object. A point in the +z hemisphere is projected onto the xy-plane
by determining the intersection, with that plane, of the line connecting
the point to the south pole of the sphere. If the point is in the —z
hemisphere the north pole is used. We observe the projections by .
looking down the +z-axis. The points in the +2 or =z hemisphere are .
respectively labeled by a circle (o) or a dot («) on the xy-plane= -
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