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(17 21%) oanbuo™p (D) NoTYK NRIPI 21T MTIPIT NOIYR .MTIPI YW 1700 N
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DIBINT DDV
STINT OND DR TTND
20190
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typical translation
—_ cells
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—
O
e
O — )

N2WD X7 T 7292 A0 0T DY AWl 1910 2 naph 01000 ATaa RN 2190w %) PUX)
ST 9Y MID0M 7°70R°0 NPXIDIR 021N U070 DMWY AT RN LN D002 AUnD
MTPIT 22w 22 NP3 LTIV MTIPIA DAR TIT L MTIPIT TV DY NPY0mT 7700 NS
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Apew e L1

.2-fold (180°%), 3-fold (120°%), 4-fold (90°%), 6-fold (60%) 2120 ™ .2

(POMPR) M eI MTpr L3
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LR NMIAT - DRIPI LATIPIA DOV TTUND NPRIDIR DWW DOO1R NXIIP
TR0 NXIDIN TIWY 3 2RI MW MIIWAT Yawn AR 93 121 WK L(Symmetry  group)
MWINDR DY NI o OR L(essential symmetry element)  n°rnon-na1voR
TRPAT 72T DRIPI T AN .OPIWORT DONWI ONT 210pRY TV 0°H0N M0N0
MMAn-NN 2ORIPI ARPAT 7Ma0T 9R 7772 W oo 9o .(holosymmetric class)
- 2MR2 TR0 MMAT DD 0 9D - OPIWOHRT DUOINT 9D O .NDWNT HW 0N 0

.mMan 230-% oonon

S0 MIWwT MovRa yaw

Triclinic system (18 71°%) noavHpoaw nopn X

azb=c nmyYxa Pa o
azpzy=90° nT o

1 - ARP7 771202 7777070 SDINYR DINOPN

Center, inversion point TOTMIR NP

D19 NoWn Y T RN - 18 %
A translation cell of the Triclinic system

Monoclinic system (19 21x) novbpaue noapn .2

azb=#c myLxn Pa o
a=y=90°% B=90° Mo

3 — 7IRDM 771202 7°701°0 SVINYR DIOPN
1 2-fold axis (Essential) ~ (*n>7) 180° 2120 x 1

1 mirror plane MPow NN 1

Center, inversion point TOIMIR NTIPI

DOPYRM N3RS T RN - 19 %
A translation cell of the Monoclinic system
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Orthorhombic system (20 91°%) no2m1mw=IR nopn .3

azb=#c myLxn Pa o
a=B=y=90° Mo

7 - ARDM 771202 7°0012°0 SVINPR DIOPN
3 2-fold axes (Essentia) ~ (>mn57) 180° 21270 ¢ 3

3 mirror planes MW N 3

Center, inversion point TOIMPR NTIRA

MO2INYTIN N2 S T NN =20 1N

A translation cell of the Orthorhombic system

Tetragonal system (21 77%) nW1sawy nowyn .7

a=b=+c nyoxI Pa o
a=p=y=90° Mo
11 — 897 771272 7°°702°0 VIR 2I0PH

1 4-fold axis, (Essentia) (m37) 90° 270 1w 1

4 2-fold axes 180° 110 My 4
5 mirror planes 7P N 5
Center, inversion point TOIMIR NTIPI

203000 nown B AT 80 -21 vy

A translation cell of the Tetragonal system
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Cubic system (22 21°%) nv2wyp noay»n .7

a=b=c nyoxI Pa o
a=B=y=90° Mo
23 - 7RD7 771202 7207020 PVIAYR D0Pn

4 3-fold axes, (Essential)  (*r1a7) 120° 200 e 4

3 4-fold axes 90° 21270 ¥ 3
6 2-fold axes 180° 1270 "¢ 6
9 mirror planes 7P M 9
Center, inversion point TOIMIR NTIPI

D02 N9y S T Nn - 22 8

A translation cell of the Cubic system

Trigonal system (23 q1°%) nvHa3w noayn .

a=b=c nmyLxn Pa o
a=p=y<120°%90° Mo
8 - IRY1 7771272 777700 PLINIR DNADPA

1 3-fold axis (Essential) ~ (*nom) 120° 2120 vx 1

3 2-fold axes 180° 2120 ™% 3
3 mirror planes 7P N 3
Center, inversion point TOIMIR NTIPI

253090 1993 S T N - 23 My

A translation cell of the Trigonal system
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Hexagonal system (24 7vx) noonsops nopn .1

a=b=#=c nmyoxI Pa o
a=p=90%y=120° NNt ome
15 - RP7 771272 17°°702°0 LINIR DNAO0PN

1 6-fold axis (Essential) (mo7) 60° 21200 ¥ 1

6 2-fold axes 180° 212°0 "% 6
7 mirror planes MW wn 7
Center, inversion point TOIMPR NTIRA

NOI0P7 NI D T NN =24 1Y

A translation cell of the Hexagonal system
TIPTR ANW NOINZVOIR NWI NIXY D101 I RN NYIWH TR 93 DW 910X AN
NR 2°IM2 1R IWRD .70°07 M2 MPYID 12 DIPAT 07 DY MTIPI IR 200137 A0 ORD
NR Opn? IN°1 I72 DWOT 2072 M9 MTIPI NAMR 0D NYTY 01O 1R 9" mnwan vaw
(w5 013 v%an W HY NOYID 7°0UR°0T NTNAN) TR0 MMAN
MTIPIT 2P MO0 NIPDINDVO IR MNWT DXV D107 TIWNT DR MO I9R MTIPI
SO TN RN X WY NWIT 2702 AWIN ATIP1 937 ORIPR PR DWAT 200N Mo
(125 91%) MW MY YR YO KNT 01D 0¥ MTPIT 2PN
P oy (primitive cell) mo° ®n— xna pTpa L1
.C 1m0 (base centered) 0°0°02 1971 RN — PTIPTPY RNT 002 1002 .2
F oy (face centered) nIko 1971 RN — PTIPTRY RN NIRD 1002 .3

1 mnvo1 (body centered) a3 197 RN — PTPTRI RO DM 4

D2 %D DY DY DN INT NN 4 - 25 vy
ST NI

4 various cells and the symbols for type of
lattice cell.

P - primitive cell
C - base centered
F — face centered

| — body centered
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DNNA Y2 010DV AN RN NYAWR TR 9D 01D DY NIDOWT MTIPAT YW TR R AR
P12 MIRIZIT NPT S0 MIYYRT 0P M0 17 ,00RNT YW NIRRT

. MNWI7 vaw 922 0°pnn “0°02 KN

. P2MMVNIRT NO1HPINMT DAL 0PNk 0°0°02 171 RN

2P NO2NIMVTIRG N2V 2°°pNR MIXD 15NA XN

2P NO2IARIVYT LNV IIRT MDA 01PN A1 170N KN

"N MNwa" NIRRT DY DPOINRLOTIp Mnw 14 00Xy DV oown oooInsd
(26 7vx) “(Bravais | attices)

=l

tetragonal system

m=sl e

hexagonal system

trigonal system

TN M 14 - 26 10y
The 14 Bravais lattices

DR 79730 P 31T PDIAP00°IP2 PV POV SNDIX R0, 1863-1811 ,August Bravais 71112 o1 .
AW Sy MNP 2" mnwnn
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9007 CLIAPR T HY ND0N IPPRY 221 ,ANMN2 MWD 14 DR 0o%nn amnn oD 14
5w D027 2" RPN PO R WR ,IN1A 0P RNTPTIPTRY RDA 1D DY DOR¥HIT
.( E.P.R - Elementary Periodic Region ) nwn:

T2 NN DR 0,010 AT RN AT L0027 202" DW PRIRDY MDY [ PTRTR
ST RN DW 77207 DW 10005 Su3nh

LA RINIT SN VINDR 937 21N 12102 92971 1910 200 DW A%n R 00037 ann'"a
J1°°I07°07 12N DR AWK WROD)

W P2 TINM QPR IR P00 NN DW 21290 1Y AXMH Ny "ov0an an0n'"n by
S0 S0 P IR NNAY NPIWY RN DIRD P W

Y9DR IR T RNY DTN T DR 1D IR LA RDR PR0 R 992 172 "o0oan annn'n

NabmllatolritraikitiaRalalelatalinl Phiaivist

SIOR MM WY M9 IRA (27 17X ) N1PDP02 NIIWMINT MY WIRWwa von 0027 ann'a
SHTARnY man L1
JAn ooanovananrs 2

W9Wn 0°0a nhva anme L3

== =T
7““% K{_\?\%
o = I g e .

DI%DIN 2%0%03 22371 - 27 1Y
Typical E.P.R.s

2" DDOW ST HY 20T MW 7T 200w A7 0027 27" NTTAR 10107 won

JTO0R0T VINTR NMYXARD 00N
T ORD 14 np1on MY AWy MINW A01R°00 MNAN DR DX 0°0°027 022N INK
70077 NN T°I0R0T NN DV TR0 VIATR MIYNARI 71102 MDY 14 DR 0030
TOPT P00 KRNI DR 20T 12 AN (DTN 77007 P0IRIR DIN0PN DX 17°01) RN
DW PRI SVIAIRD PON A2°0n) ARDHI 7M2AA? aMan-nn (AP N el RY) N

N2 JOPT D027 RN W 190 ANANRT N D173 20202 RN 2777 12 NN (RO 7200
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Triclinic system no1vpsaw noayn X

WRDOPHPMVT NTYRT BW A XN
T DY DOD0N PUI0RD CLIAYR 9on
020277 2MMA" AN PONI PR RN 19
XN? 19732 707 OOV Novan Yw

(28 X)) WO 0B VI AT
S 0D STIT NN D 003 370 !- 28 10y
ORI NIV

E.P.R of primitive cell of the Triclinic system

Monoclinic system na%paamm noapn .2

IR DPIOPINDT NIWAT DW LIWD AT XN
JPW 77990107 MVIROR MY N pom
U0 MMAN YW 0027 A 1P
TN KDY 19T™A AT T RN2 DRNAT
(29 %) sowwn

S 0D TINT NN DR 003 37 - 29 vy
MO NN

E.P.R of primitive cell of the Monoclinic system

XN SW aponn 2apnna "o°0an ann'"a
70000 VIAYKR MY 03002 1OMAN I

9K NOMWwA aMAnT S

XN 1912 Y27 RN D027 A 97

(30 7rx) ammn
D%0%02 197 TINT N0 S 190%2 27 "'- 30 8 ( )

5P nown b

E.P.R of base centered cell of the Monoclinic
system
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Orthorhombic system nsamym=IR nown

NP2MVNRT NOWHAT OV VWD AT XD
A2W 777501057 PVIAOR MY AN PRI IR
pykkmlotaLioty i ohinhinty Mvii7R ok ojn by fiulylnTaty R ol

ST RN 19T O30T 4T RN DANAN

S 0D TINT NN DR 003 3w !- 31 My

(31 %) 0100
DOIMINYNINT NIWAT

E.P.R of primitive cell of the Orthorhombic
system

XN SW aponn 2apnna "o°0an anan"

L TR0 PLINPR MY D°0°02 197NN 1T

9K DOMWwA aTAnT S

" ., XN 1mOW YT R C0DIT MM DTN
2°0°03 1978 TINT XA 5w 19002 27" - 32 08

D2DINVIINT NIWNT Y (32 ) anman

E.P.R of base centered cell of the Orthorhombic
system

XN Hw aponn Hapnnn "o°0a0 anan'n

U000 DIAYKR MY 0°19 17N I

DR NOMWNT AMANT YW

XN MDY NOW XIT °0°027 27T 97
5w 2% 197 TIIT RN DR "90%02 370"~ 33 My

DOIMINYNINT NIWHT (33 7rx) Amman

E.P.R of face centered cell of the Monoclinic
system

XN SW aponn 2apnna "o°0an anan”

QW 70007 C0IAR MY 713 TIMn TT

JOR NN AN

XN 1912 NOTAW KXIT 0027 20T YN

(34 ) anman
D°0°02 1272 TINT NN S 1003 371 "'- 34 1N ( )

DOIINYNINT NOIWNT D

E.P.R of body centered cell of the Monoclinic
system
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]

N Dw IWD TTT NN Sw '00%03 27" - 35 1y
LUDYPSL NYDID TN TTIWS0T NI LNPIUN YT

E.P.R of primitive cell of the Tetragonal system.
The symmetry group doesn’t include mirror

operations.

T

N9V Sw D 7T NN DY 003 370" -36 10y
20D NODID W0 N LNYPIINIYT

E.P.R of primitive cell of the Tetragonal system.
The symmetry group includes mirror operations

b 9 19700 TINT NN YR 11002 2710 "'- 37 N
551D TN TWR0T N2 PIIVINIVYT NOIVNAT

L0

E.P.R of body-centered cell of the Tetragonal

Tetragonal system nsonaxawwy noawyn .7

nownan W vwoe AT RN
U0 NN WR L NPONARIDYI
MW NP APR YR N2Wwnn
WIAPR MY AN PYNI IR PW

J0W 90000
mMan 5w oA amma 10
127132 7377 T RN2 MIAXAT 7°°010°07

(35 71%) *0®°07 A7 XN

oW aponn Papnnn "o0an ann'a
TR0 CLIAYR M"Y VWD I XN
noYDR YHR noMwnan gMana hw

AP0 W
XN 11911 Y27 X7 90027 20707 D7

(36 %) A

5w apenn Sapnnan "ov0an ann'n
WIARK M"Y Al 1M AT XN
POR DM 200 W 70000

AP N300 NP1 AR WK
191 NOPRY X7 °0°027 2N Y7

(37 %) AN RN

system. The symmetry group doesn’t include mirror

operations
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U
\l

\l

S 513 19700 TINT NN Y "90%03 270" - 38 8
LY NDDID TN 0T NNAT NOINNIVYT NIV

E.P.R of body-centered cell of the Tetragonal
system. The symmetry group includes mirror
operations

NOYRT DY D 7T NN DY 003 37" - 39 1y
W i=3r ]

E.P.R of primitive cell of the Cubic system. The
symmetry group is the holosymmetric class.

N Dw WD TTT NN Sw 0003 27" - 40 ¥
DUDYPW NYDID TN TR0 NN N2

E.P.R of primitive cell of the Cubic system. The
symmetry group doesn’t include mirror
operations

5w aponn Sapnna "ooan annn”
WIAPK M"Y Al 1M AT XN
POR DM 20T W 7700100

AIP°W N0 N9
WWR PRNT RIT 002 anan YT

(38 %) AT XN 191 WY

Cubic system neayp noayn .7

XN 5w aponn Sapnnn "o anna”
W 00T CuIabR My vws T
SO 7200

WY PN R S0°027 2070 YT
.(39 71°X) 7117 RN 791 YAINY

XN YW 7170 22pnnn "o°0an anana”
QW MIURDT CLIAYR MY wIWwD A
D70 .DODPW YYD PR WK 77207
XN 191 DWW R O°0027 A0

(40 1x) A
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XN YW aponn Sapnnn o023 anna”
SW 7000 CLINER MY MWD T
N0 DR DY PR IWR TN

D000 Pwn e 4-fold 212000

iahhs
akhii7by Bivis b N S s i o hlola by flin o i Ty v A
D27 S LD TINT RN DY 0%02 370" - 41 1Y
4-fold 21250 25510 728 79900507 N3 002207 (41 %) AT XN 09I WY
LONIN DSONT I ST

E.P.R of primitive cell of the Cubic system. The
symmetry group doesn’t include 4-fold rotation
axes and mirror planes that contain them

XN YW 7170 22pnnn "o°02n anana”
77770107 0IAOR MY A TN TR
i\ wiah Brmiinis e lliv

DOVIRT POIT RIT 00027 2770 TR

(42 7°¥) A1 RN 1911 710N

S 90 1970 TINT NN DY 100%02 3’ - 42 3
0227 NIV

E.P.R of body-centered cell of the Cubic system.
The symmetry group is the holosymmetric class.

XN YW 7170 22pnnn "o°02n anana”
70000 CLIAYR MY A 1M AT
NR DY APR WX gMann v
qpown e 4-fold 212°077 N o

INIR Y9700

" " DUIWR PONT RIT 0027 2N DT
b 513 1970 7T RN DY "50%032 270" - 43 My

937250 5910 SN TOWN0T NI2T 02T NIIVNT (43 %) 71An ’N oI WY
LZMIN 29909057 90w sy 4-fold

E.P.R of body-centered cell of the Cubic system.
The symmetry group doesn’t include 4-fold
rotation axes and mirror planes that contain them
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DOIVRT W 002D 157 TINT NN DAY — 44 8
222 7227 190°03 27T 02T

E.P.R of face-centered cell of the Cubic system.

Tri

NOYNT DY D ITIT NN DY 003 37" - 45 1y
ol trin o)

E.P.R of primitive cell of the Trigonal system.

!

NI Dw IWD TTNT NN Sw 00503 27" - 46 MY
DDV NYDID TN TR0 NNIT AT

E.P.R of primitive cell of the Trigonal system. The
symmetry group doesn’t include mirror operations.

XN Sw aponn Sapnnn o023 anna”

.0°1D 1271 ATTa

AR POMR R0 AT DT

(44 %) ATTAn KD 1911 011 2YWN

gonal system noaeaw nown

5w apenn Sapnna "ooan annn”
7757019077 SLINYR MY VWD T XD

IR A2 Y
191 NPWOW X1 0027 anan DTN

(45 7rx) AT Rn

5w apenn Sapnna "ocoan annn”
9007 LINPR MY WD 1T RN
29D N9YID AR WK gMann Yw
XN 11932 WO X177 °0°027 27107 273

(46 1Y) A
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Hexagonal system nvhaaops nooyn .1

T RN W a9 Papnnn o023 anna”
byl Py S 720 Rt 10 a ko 1r N 0 o o2 QRIS VAR 01 1765
hiwah]

WY IR PRNT RIT 007 AT YT

b 0w T N0 YR 100%03 370" - 47 vy (47 7x) AT RN 101

5120277 NI

E.P.R of primitive cell of the Hexagonal
system. The symmetry group is the
holosymmetric class.

T RN W ap0nn Papnan o0 anna”
WX AR YW 70000 CuInkR My mws

090w N9 K

TIIOT RN 19N XM ORI °0°027 2N 9T

(48 mY)
S D TINT NN DR 003 370 - 48 1Y
STION TR0 NN NS0T NOWIT
209970 n5Y1d

E.P.R of primitive cell of the Hexagonal
system. The symmetry group doesn'’t include
mirror operations.

DT NRRID WK aManT Sw "o°0aT anna"
Nnhl

(49 71%) 71T RN TR0 °0°027 2N 2T

S 0D TINT NN DR 003 370 - 49 1y
N9 TWN0T NN NPT NIWAT
L7353 77

E.P.R of primitive cell of the Hexagonal
system. The symmetry group includes only
translation operations.
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2v%I0n: (INZAIW 2900257 ITINT IO TINR) QIVIOIT DOANIT NNR - 4.2

O%EY TIN% anIR avaavenn 2-fold e

79799 2% 12102 927 v Mo°02 Ak L0 nuwnn NN NYWR 177 P92 PIX D20W 99D
-NN% NAX 277M-NN N22107M7 TPXI9IRG DX O3 9727 007 2°2AnR-NN 01w annn IR Dphnn
°0°0277 ana 2%xna 2-fold v79% 9507 W X RIT AR LT R0 Y I-00°wnT ann

XY INY 1NN 0°2210M

oran T 70 Tinn L2-fold >7%% 99on R X 2990 ,070°037 DR YW IR TPonN
NP PONT WK @902 Www V7D TN LPNYNY A7I¥2 AW 07PN P52 XM 1NN
.0°7T @°377% NN AW AMa DR MPSIRT My n e avoni

:0°R277 09957 R WOn 2-fold 0% W X

20°0277 2NN DY AT 10N TN e

9N 12912 TINNT NTIPI AN L0002 AT MIYYE DR TN VXN OR e

JIRPDIT 1972 PRI YW NPT DT AN 000020 20N NIRD 1T N VX OR e

DV NIDE TN T MWD WY RT e

DPTAI NIRD °TI1 1T MWD WY VRT e

1212 N2YR 7D TIN T YHXD Dvan NRYAIT AR 19901, Y9 1991 TIT ML WY VR e
0027 2N A

W MIAT 1M 77N DURT NN NTIPI LIAR VX WK NP 90 S0°027 MM OR e
AMWR WHA 170 0O 209027 A0
WO LIIR AMWH MW 1T 2212w 21K R 2-fold »0x o0n 900 v0302 annw apna

.0°77% 279 DR 19907 WK 20110 2NN 90 NX INRD

,2-fold »7°% anR1 ,0%%y 7IN% amR 22221017 ,2-fold % 2°%°0mn ,0°°0°027 0%anna 1 Y
2999 IRNW 229907 92 DY 779P7 270 TN L19W °0°02 277 TN ONIX 0°2210171

0°0°0271 @°an a0 Tinn 2-fold »°X 9o W X I 2wV 0°0°037 QAR 1R

MYYNRA ,7IMRI ,°0°02 27 93 101 1K .71912 NIIYN 93 237 AW DTIPN P9 WA 1NINY
ANROXN T70 05 HY LTO0 90X XIPNIT NI QW
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TheTriclinic system no1vpsawn nownn WK

TITITORN? DT AT 0027 2nan
TOI0RO0 NATT KA R LIWDT S01D°0

N2 7033
oaona 2-fold 0¥ IR ¥ Hon K
b 0D TINT NN YR 0003 37" - 50 Y (30 7m%) gy i MmN
L2735 S¥ IN Y DON 1IN ,nu"mwn N29vAT

E.P.R of primitive cell of the Triclinic system
doesn’t contain 2-fold axes.

Monoclinic system na%paamm noapn .2

OPOPIAT NOWRT YW LD AN XD

TIN% MR 2210797 2-fold 7°% 9°on oIk

(51 %) My

2-fold-n 2% oy "2 XN Sw 100w

b o5 1T N7 bl 0003 3" - ST M7 N257AT DY 12122 2°2m IR

7% MmN 3270297 2-fold ¥y P A29YT . NOD X9 NP TTAW DO NYTNIAR

vy
- . . - ‘ny’j’
E.P.R of primitive cell of the Monoclinic system

and a 2-fold axes that rotates it into itself

XN 5w apPnn Sapnna "o°0an annn"
VIR M"Y o°0°02 1M N

o3 LTOR DWW aMann Yw 3aunod

TIN% MR 22107 2-fold vx 9von X

D°0°02 127 NI NN S 002 390 - 52 9% HWw 19190W T 77pn2 03 (52 T1X) Ry
7105 108 2202:7 2-Told o8y 233909 noyn b

Yy MoMNT NwA DM 2 IR RN
E.P.R of base centered cell of the Monoclinic A0 DYATAN MTN
system and a 2-fold axes that rotates it into
itself.
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Orthorhombic system nsamymw=IR nown

nowna W o»otan @hannan
YR NPIPRn 29apnnn NPamMOTIRG
,0°0°02 1271R ,UIWD) TP DI RN

DMX2 ara (A IO 2219 17N

TPMYYY P2 20T MR Nbya man

L] EhE) k)
DADIMYNINT NN Dw 1003 37 "- 53 Y 7w AT KN? DN 07 T2 A

E.P.R of the Orthorhombic system (53 7rx) n>wnna

nownn Sw (54 1x) ™o0an amn"a 2 2-fold X nnavah mInwn nMwoRa

(55 %) 110 531, NG

=] L] G

Ortho.1 Ortho.2 Ortho.3

2-fold *9°% 22275 M7 PPVIWONRTI N02MINVNINT NIWRT D '50°027 37" — 54 1%
JDXY TIND IMIN 22329027

The Orthorhombic E.P.R and the various combinationg2-fold axes that rotate it into
itself.

=] I=J IH]

Ortho.4 Ortho.5 Ortho.6

WMIN 22327027 1015 5y 0001 2-fold 2958 2 NI MYNINT N2IYNT B 0037 2 — 55 Y
oW "0%03 3w TInd

The Orthorhombic E.P.R. with additional 2-fold axem its faces that rotate it into a
neighboring E.P.R.
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Tetragonal system nvH1xauw noawn .7

MW D°Y°91 NOYIARVYT NIRRT YW TIOR8 MMAN ST By 01T "8"0°027 02an '
NHYa 72°0 NI - 3T DT N YR TN WK 0902 NOYA TATID NIXA - ARG .MM
(56 %) *127 *0°02

BEURRNPN

JOOINNYT NPT DY '020%27 252" — 56 1y

The Tetragonal system E.P.R.s

NM¥) PRI 0027 2nna" Hw 1o D1 7ina 2-fold 7% navah mnwn newoRra IR
(57 21¥) NPHIRRIVI NOWAT DW (NN WM DO W WK S0 NHYA AN

EX=EN

Tet.l Tet.2 Tet.3

2-fold *95% 9923575 M2 NIIIPONT) NODIVINIVYT NOINT D 1190%03 37" - 57 18
A Tetragonal E.P.R and the various combinationsfold axes that rotate it into itself.

nM¥a) WA "o°0an A" S 1o Yy 7ina 2-fold 0¥ nhavat mnwn nwoRT MR
(58 A1) NP3ARAVYI NOTHA YW (Y1277 °0°02 NHYA 12°N
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AR
A

Tet.10 Tet.11

.2-fold 2% 9233575 M7 NIIIONTI NOOINN YT NOYHT D 003 370 - 58 10y

A Tetragonal E.P.R and the various combinationsfold axes that rotate it into itself.
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Cubic system nsa'p noayn .7

MY SNWA 2OYIDIN NPT NN DW 2000 MIMAn 070 By 22117 "02°0°027 ovannn”
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A Cubic E.P.R and the 2-fold axes that
rotates it into itself.
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A Cubic E.P.R and the various combinations of 2-dohxes that rotate it into itself.
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The Trigonal E.P.R and the 2-fold axes that
rotates it into itself.
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The Hexagonal system E.P.R.s
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A Hexagonal E.P.R and the various combinations ofdd axes that rotate it into itself.
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A Hexagonal E.P.R and the various combinations efdd axes that rotate it into itself.
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Typical periodic close cells and the 2-manifold ¢amed in them.
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The E.P.R.s Ortho.1, Ortho.2, and Ortho.3 with 2ldaaxes.
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The 2-fold network, which result from Ortho.rtho.2and Ortho.3.
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Periodic cell of the network and the 2-manifold urbounded by its edges.
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E.P.R.s the duplication of which results in netwarlthat are topology equal to the "Net1"
2-fold network.
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The E.P.R.s Ortho.4 and Ortho.5 with 2-fold axes.
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Periodic cell of the network and the 2-manifold urthbounded by its edges.
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The 2-fold network, which results from Ortho.6.
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E.P.R.s the duplication of which
results in networks that are
topology equal to the "Net3" 2-fold

Tet.2 Tet.8 network.
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Three Periodic cells of the network and the 2-maoid units bounded by their edges
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"Net3” 2-fold -7 2129 AN 2937 2929 2% DIND TR - 77 7Y

Three different periodic cells, which the 2-fold tveork“Net3” is the result of their
duplication.
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Periodic cell of the
network and the 2-
manifold unit
bounded by its edges
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The 2-fold
network, which
results from
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Two Periodic cells of the network and the 2-manidalnits bounded by their edges.
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Two different periodic cells, which the 2-fold netnk “Net6” is the result of their
duplication.
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Two different periodic cells, which the 2-fold netnk “Net7” is the result of their
duplication.
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Two Periodic cells of the network and the 2-maniflalinits bounded by their edges.

55



g Sw own nvapnan 2-fold-n nwn
.PP0w 271 nwa ®0n (100 ) Tri.l *o°01a7
720w 9O .ap P R M2dWa P pnann
90 .MYLR-MY DWW KW NTIWS DWW NIRNN
oma nnxa 180° -2 na10m ,MaMo MY nw

(101 vx) s
Tri.1 - 100 93

,2-fold *9°2 a7 — 101990y
2727 Do hvapnng ,Netl0
. Tri.1 0%37

The 2-fold network, which
results from Tri.1

yon" nga X, Tri.l 200027 annn oown nvapnan "Net10" nwan Sw nmmnn R

(102 v¥) 180° - 2 7119 o2 AT 2°20NA NIYRY AW DUWWH 07003 Yy HxIon

N7 S o 80— 10290y
L9032 NSO TV NO%DY

Periodic cell of the network,
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Part of the 2-
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which results
from
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the periodic
closed cell in
Figure 116
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The two dual
networks, which
are defined by the
2-manifold.
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Periodic 2-manifold surface units inscribed in a pedic closed cell which lead to the
creation of the cubic 2-manifold
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Periodic 2-manifold surface unit
inscribed in periodic closed cell
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2-manifold
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Typical diamond 2-manifold separating two self-dudimond networks
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The E.P.R., which represents all the elements af th
phenomenon
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Periodic 2-manifold surface unit inscribed in peritic closed
cell
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Part of the 2-manifold, which results from duplicain of the periodic closed
cell in Figure 128.
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The two dual networks, which are defined by the 2umifold.
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Periodic 2-manifold surface unit inscribed in peritic closed
cell
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Part of the 2-manifold,
which results from
duplication of the
periodic closed cell in
Figure 132
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The E.P.R., which represents all the elements & th
phenomenon
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Periodic 2-manifold surface unit inscribed in peritic

closed cell
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Part of the 2-manifold, which results from duplician of the periodic closed
cell in Figure 136
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The two dual networks, which are defined by the 2mifold
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The E.P.R., which represents all the elements daf th
phenomenon
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Periodic 2-manifold surface unit inscribed in
periodic closed cell
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Part of the 2-manifold, which results from duplic&in of the periodic
closed cell in Figure 140
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The two dual networks, which are defined by the 2umifold.
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The E.P.R., which represent all the elements of the
phenomenon

R L"O%ION YRR nTXa RN (144 vx) "Netll" 2-fold -7 nwn S savnna ko 9190w
1459132 paRinea 3 013k am Moy anw wwn X1 o7 1°0°02

74



30 SNNTY NN2 INIVIT N°0°02 TV N0%D - 144 1y

Periodic 2-manifold surface unit inscribed in
periodic closed cell
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Part of the 2-manifold, which results from duplic&in of the periodic
closed cell in Figure 144
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The two dual networks, which are defined by the 2mifold.
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The E.P.R., which represents all the elements & th
phenomenon
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Periodic 2-manifold surface unit inscribed in
periodic closed cell
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Part of the 2-manifold, which results from duplic&in of the periodic
closed cell in Figure 148
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The two dual networks, which are defined by the 2umifold.
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The E.P.R., which represents all the elements af th
phenomenon

7Y MDD 021N 2RI D0 DORNT DY 200w T DY MY N1 Hw T 7onana
MY™ aNnRY IRXNI MITIT MINWI %D 9 SN79WT 211°M ,"NA0 noYan ny"! — noonon
AT 3T PRI MW MY 2w MNTINT MNWD 107,00 11 P00 M

:(152 %) 17 2012 0P IR RN 0D DY PRI MDY YaWw DX

90" 90’

60"
90°

"2y Ty 2535 NIONIY N A" "oyormeT v Volalo) ca Ll
"25a5y7
LDWNNT Ny’ DOWHNNT N Ny Vol el sk il DYoo Ny’
45" ,90° ,45° "30° 6,90/ " NTIVID- TSN "53y;7
(P.T))

MR MY T N AN 20307 (2-fold 108 7-by pvvanT) DN DOND T - 152 vy
DYTT DO2TIN-NN S 27IDT AN NPT (T 2522 INSBIY) L1010

Eight periodic cells (bounded by 2-fold axes) repeating the eight topologically different
surfaces (which were found at this stage) that dieithe space into two identical subspaces
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2-manifold surface
that divides the space
into two identical
subspaces and is
topologically
different from the
known 2-manifolds.
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Periodic closed cell and a 2-manifold unit
inscribed in it in a different way from the
previous eight cells.
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Closed cells bounded by a split perimeter

XD TIN2 7R3 ,7320 NOPANA RN NP2 ST-0V WINtAR NIN°IT LAY N YW n°Yhon anTy
TIA0T NN RNT .DOVIRAN VW 12 PR 9T TAY NIX2 KO, 9197 YIXN DY 30 2ann
TIT72 MR 22270777 DOVIRNAN NIW P2 2OIWRAN Q200 DOTIMY CIW NN RIT WA A W

80



VIR DM AW DR MY XN YRIRAT 9V 2700 2ORNT TN R N1
-NN WD AN DR NPRNRT YO 0120 99 ORI QRN M TR DD .40 PR TV 209w

AT T NN 3P NMNAIRT MNW WK L0007 02077
N2°20 S7-5Y WA T7INDY 0701 21K 2°9X191T 2OVINAT V9V DORNT TIN2 NIRIZON MY
7V 072 DRP QIPOWI N1PIUR0 T 5Y ND0N ApYon? 00Nl PR O°RN IR L1120 N0N2 RNN
WK M0 277 Y2IRNA RO WR "Y1 N0D" .20 NOKN NI Wnnk 1010 Yup nhapo
MPOWT MWD QY AYOT YW TN NP an ik phm 2-fold 2% Sw oovup on rnvhen phn
(156 %) 120 NO° AN Y2IXNT NP220 7-5Y WY NINCI - T YO DO LMURO0N NTan Y

Nooaw S-Sy Wy mma "y no' - 156 1y
1730 N0°MN3 ¥OINNAT

A periodic 2-manifold unit that can result from
dipping a closed perimeter in a soap solution
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A 2-manifold surface which divides the space inteatidentical subspaces
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A 2-manifold surface which divides the space inteatidentical subspaces
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A 2-manifold surface which divides the space inteatidentical subspaces
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A 2-manifold surface which divides the space inteatidentical subspaces
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