PHY 535/PHY 332: (Advanced) Condensed Matter Physics Semester: Spring 2026

Assignment 2

Space Groups, Reciprocal Lattice Space, Miller Indices
Please no Al-generated solutions. Would be your loss!
Relevant space groups are attached towards the end.

Question 1

Let’s understand some nomenclature here. Consider the orthorhombic space group Pmc2;.
The notation tells us that the lattice type is primitive, and there is:

(a) a mirror plane perpendicular to the z (or a) axis,

(b) a glide plane perpendicular to the y (or the b) axis. This means mirror planes passing
through the (010) and (020) and each followed by translation ¢/2.

(c) A 2 screw axis along the z (or the ¢) axis.

Use a clinographic projection to find out the 4 equivalent positions in the unit cell, showing
your working as you go along.

Question 2

Diamond belongs to the F'd3m with atoms in the 8a positions. The relevant pages for this
space group, taken from the International Table of crystallography are shown towards the
end of this Assignment.

(a) What is the underlying crystal system?
(b) What is the underlying Bravais lattice?

(c) Draw a clinographic projection showing all 8 atoms inside the unit cell. This projec-
tion can be drawn by looking down the z (or the ¢) axis. Identify the 8 atoms by

suitable labels and mark the fractional elevation of atoms (if z > 0).
(d) A four fold screw axis exists at (3, 1,0). Mark its position and demonstrate the action

of 41,45,43 screw operations on any atom of your choice. Clarify your working.
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(e) A diamond glide plane also exists at the height z = % following by the translation of

% + g . Show by its action on any atom of your choice that this is indeed a symmetry
operation.

(f) The m in the Fd3m space group symbol denotes a mirror plane along the face
diagonal. Verify that it indeed exists in this structure.

(g) The diamond structure has a centre of inversion at (

,§»3)- Verify this statement.

(h) In the diamond structure, there are two kinds of 8a positions. Show that for each
kind, there is a distinct set of vectors joining the atom with its nearest neighbour.

(i) A closely related structure is Zincblende (ZnS) which belongs to the space group
F43m. By looking up the entry of this space group, draw a clinographic projection
by placing Zn at the 4a site and S at the 4c sites. Where are all the atoms located
inside the unit cell?

(j) Does this zincblende structure have a center of symmetry?

Question 3

Give the Miller indices to all the planes shown in the following 10 diagrams. Note the
origin is specified on the top right owner.
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Question 4

Give the Miller indices [uvw] of all directions shown below for the orthorhombic and mon-
oclinic lattices, respectively. Be sure of the axis before starting. For simplicity here, all
directions shown are in the plane of the paper, so w = 0 in all cases.

ek
f/:f::fflf
TR
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Question 5

Show that the reciprocal lattice of a face-centered cubic direct lattice is a body-centered
lattice. Start by picking any lattice point and forming the primitive unit cell by identifying
a, b and ¢ that connect the lattice point to the three neighbouring points. Then, form a*,
b* and c*.

Question 6

(a) Show clearly, with all steps, that the Fourier transformation of a direct lattice is
indeed the reciprocal lattice.

(b) Prove the shift theorem used in Fourier theory, i.e., if in 1D,

F(f(z)) = F(k)
F(f(z—a)) = F(k)e

Question 7

For the I'm3m space group, answer the following questions.

(a) What symmetry operation takes z, y, z to z, y, z?

(b) What symmetry operation takes x, y, z to z + %, Y+ %, x+ %?

Show your working, preferably with a sketch and geometrical considerations. Recall that
glide planes are written in the form

a, b, c, n()’ d(...)7

where the entries inside parentheses indicate the direction of the translation component
that follows the mirror reflection.

Question 8

Consider the space group P4/n (C3,).

(a) From the point group Cyy, construct its projection seen along the c-axis, showing the
general locations.

(b) Show that there exists a centre of inversion 1 at 1, 1, 0.

(c) Is there a glide plane included in the “symmetry operations”, and what is its action
on a general location z, y, 27

Due date: Feb 26th, 2026, 11:55 pm 5
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Question 9

What coordinates are generated from a point z, y, z if we apply:

(a) a c-glide at =, %, z followed by a 2, screw rotation about an axis through [0, y, i]?
(b) an n-glide at z, 0, z followed by a 45 screw about [3, 0, 2]?

(c) What happens in (a) if the two operations are applied in reverse?

Question 10

Lead zirconate-titanate PbZrOs (PZT) is a perovskite which belongs to the Pm3m space
group. Its motif is:

Pb: 000
7. L1l
222
1 1 1
30: 00, 030, 00,

(a) Draw its structure (preferably in 3D) and identify the Wycoff positions.

(b) Explain how a Zr atom is surrounded by O atoms.

Question 11

Gadolinium orthoferrite, GdFeOs, is orthorhombic with lattice parameters a = 5.349 A, b =
5.611 A, ¢ =7.669 A and space group Pbmn (or Pnma). The coordinates of the atoms in
the unit cell are:

Gd** - +(z, % +, %); + (% —x, 9, i) with z = 0.984, y = 0.063.
Fe’*:  (0,0,0); (0,0,3); (3,1,0); (3,3.3).
0* . +(z, 2 +y,1); £(3 — =, y, 1) with z =0.101, y = 0.467.
0* : +(z, 2 +y,2); 2@, t4+yit—2); £(G+292); £+, 7 3+2)

with z = 0.696, y = 0.302, z = 0.051.

Draw an accurate plan on the (001) plane of one unit cell of the structure, using a scale
of 20 mm to 1 A. Mark on the plan all the symmetry elements present. The ferric cations
are in six-fold coordination to oxygen anions, each Fe3™ having as its nearest neighbours
six O?~ situated at the apices of a nearly regular octahedron. Identify the six nearest
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neighbours of the Fe*™ ion at (1, 1,1).

How many independent Fe-O distances are there?

Due date: Feb 26th, 2026, 11:55 pm 7
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2 .
Orthorhombic mm?2 Cs, Pmc 21
Natterson svmmetey Pmmom Pmc 2, No. 26
Pmc2, Pml.b
0 h c 0
¢ / / = B
; s,
] 1 g =
a g g a
' ' e -
P2am
[
e 1 1 O O O ©-
| | | O[O O | O
| | |
g | | |
I | |
S | |
| | |
| | | O O OO
] | | O O O O-
0 b
| ! |
Originonmc2,
Asymmetric unit 0<x<y; 0<y<d 0<z<1
Symmetry operations
m1 (2) 2(0,0,%) 0,0,z 3) ¢ x,0,z 4) m 0,y,z

Generators selected (1); £(1,0,0); 1(0,1,0); #(0,0,1); (2); (3)

Positions

Multiplicity, Coordinates
Wyckoff leter,

Site symmetry

4 ¢ 1 Mxyz @ xFz+i ORES RS @ &z
2 b m.. Iz Lzt
2 a m.. 0.3z 0,7,2+1%

Symmetry of special projections
Along [001] p2mm

a-=:a bh=h

Ongin at 0,0,z

Along [100] p1g!
a=Dhb b=c
Origin at x,0,0

285

Reflection conditions

General:
hol: 1 =2n
00l: I=2n

Special: no extra conditions

Along [010] p11m
a'=ic b'=na
Origin at 0, y,0

CamScanner
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Fd3m O, m3m Cubic

No. 22‘7 F 4l/d 3 2/"’ Patterson symmelry £ m3,,
ORIGIN CHOICE 1
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CONTINUED No. 227 Fd3m

Origin at 33m, —1,—1,—1 fromcentre (3m)

Asymmetricunit  0<x<i 0<y<{i ~i<z<l y<min(l-xa); —y<z<y
Vertices 0,0,0 50,0 Hni Hhd Li-1 41—

Symmetry operations
For (0,0,0)+ set

1 (2) 2(0,0,3) 0,52 (3) 2(0.5,0) 10 4) 2(;,0,()) X

(8) 3* xxx (6) 3'(5,=3,3) Tiwtig (7) 3'(=5,5,8) *HiF=iF ®) 3 (-1 i 5y
9 37 xxx (10) 37 x,i+1,% (11) 37 &1, 8x (12) 3 x—;|x+; f
“3) 2(%«%-0) .\‘,.\'—%,s (|4) 2 X, \‘+”‘ (]5) 4'(090\%) %va': “6) 4 (0 0 O

(17) 4°(,0,0) x,i,! (18) 2(0,4, l) Iy+iy (19) 2 ty+iy (20) 4'(;,0,()) .r.(),;‘
QD 44(0,3,0) 3130 (22) 2(3.0,3) x- ..i.x (23) 4°(0,3,0) ini (24) 2 F+iix

(25) 1 %V{vé (76) d(!} ) xvhs (27) (!(},0,%) L;-: (28) ‘l( uu) E'y".‘
(29) 3 x4 (B0) 3 F-1x41,5 —1,12 @3l 3 x._e+1,,f; 41—t (32) 3* T8 §—i
(33) 37 xyx,x; 4,401 (34) 3 x+ia-15 §,-1 (35) 3- \+,,.r; - (36) 3 &l x+iE §i—i
G g(i—1) x+i,%z (38) m XX (39) 4' Yl =i (40) 4* 1,02 1,00

@n 3 x=14 110 (42) g(3. i :) XY+ (43) m xyy (44) 4" x,3,0:0,5,0
(45) 4* 0,5,4: 0,0,4 (46) g(=i1,i) T+iyx (47 &y Lt (48) m xy.x

For (0,3, )+ set

(1) (0,4, (2)2 00z (3)2 iyt ) 2(3 00) rm

() 3‘(5,;,%) x—4,x—4x (6) 3" i+ix% (7) 3* x,%,% (8) 3* X3, T+i,x

9) 37(3,5,3) x—fxtix (10) 3 x+' £, (1) 3-(50—1) &+Li+hx  (12) 37 &

(13) 2(3,3,0) x.x,} (14) 2(—1,10) x5+ (15) 4-(0,0,8) 4,02 (16) 4°(0,0,) 1.2
(17 4°(3.00) x},—} (18) 20,11) 1y—ty (19) 2 Ly+s (20) 4°(3,00) 0.5
1) 4°(0,3,0) 3y (22) 2(:0,3) x,:, (23) 47(0,1,0) 0,3 4) 2(-3,0,3) T+ig.x
)1 333 (26) d(1,4,0) x 27 d(3.0.3) xiz (28) d(0,3,1) iz

9) 3* x,x4+4,% i (30) 3+ &-1 a+,,r -hii G ¥ xT+HLE - (32) 3* #+1,%-4,x; },~4.4
(33) 37 x=3,x—1,x% 1.3 (34) 3- x+1 x—;,‘ .',,-i,: (35) 3 &i+l,x =114 (36) 3~ F+3,x5% §4-4
(37) m x+4,%2 ! (39) 4- 0,0,z; 0,00 (40) 4* =52 5,4
@) & x45 L 43) g(0,5,3) xyy (44) & x0.0: 0,00
@5) 4 1yi i @7 4 130; 1,00 48) g(51,1) x—iyx
For (1,0,3)+ set

(1) 1(3,0,3) 22 iz (3) 2(0,5,0) 0.z @2 x00

(5) 3*(4,4,3) x+ix-lx (6) 3 %x,¥ (7) 3* x+1 5% (8) 3* fi+lx

9) 3-(3,5,3) x—ix=ix (10) 37(—1,4,3) x+i,8+5,% (11) 37 §,&x (12) 37 X x+4,%

(13) 2(%\%'0) X, v% (14) 2(%v_%90) -"vf+l'$ (15) 4 (OOH) :,O.Z (16) 4’(00 ) —iw‘ "~
(17) 4°(5,0,0) x,;,0 (18) 2(0,3,3) iy (19) 2(0,-3.,5) f>+i5 (20) 4*(3,0, 0) X

21) 4°(0,5,0) 3,0 (22) 2(3,0,3) x+i,3x (23) 4°(0,3,0) =33 (24) 2 T+i4,x

@2s) 1 %,%,% (26) d(3,3,0) xy; (27) d(3.03) xiz (28) d(0,5,1) iz
29) 3* x—},x—1x L1 (30) 3 i+l g =L @31 3 x—1i+i,x ;,5,—; (32) 3" #4174+ x !
(33) 3 x+ix,x; ;,;,e (34) 3 x+1,i-1,5 111 (35) 3 fE+5LE —hid (36) 3 F+ix-tw Ll
BN m x,3z (38) g(1,5,}) .\'+§,A\'.: (39 4 04,2040 @0) & 11z 14, :

(1) 4- x,0,0, 0,0,0 42) m xy+iy 43) g(3,51) xy=iy (@4) & x4 -1 4t -t
(45) 3+ 0,,0; 0,0,0 (46) g(3,3,—1) T+iyx @D 4 inG b (48) g(1,0,1) xyx

For (4,1,0)+ set

(1) 1(L,3,0) @) 2000,}) 10z (3)2 0y0 @2 xit

(5) 3*(4,4,3) x+ix+ix (6) 3* Tx+},% (1) 3" x44,5-1,% (8) 3" ¥,3x

©) 3-(3,4,3) xHix+ix (10) 37 x5 (1) 37 &4, 845,x (12) 3°(5,—5,5) T=1x+3.3
“3) 2(%.%,0) X,.\'+%,% (14) 2 X,-E+:‘y£ (]5) 4 (0 Ou) %v"‘%)z (|6) 4'(0v0<%) 0‘%‘:
(17) 4-(1,0,0) x,3,0 (18) 2(0,4,1) Ly (19) 20,5,=3) Fy+iy (20) 47(3,0,0) x,—1,4
(1) 4°(0,3,0) 4.1 (22) 2(3,0,3) xi.x (23) 47(0,3,0) Oy (24) 2(:,0,-%) T+iix
25) 1 334 (26) d(1,4,0) xy} @7 d(}04) xiz (28) d(0,3,3) .z

(29) 3* x+1,x,x; 1,14 (30) 3 i-—g,r+l PR N (31) 3 x+1,7+1,% 51,1 (32) 3* F+4,5x 1,—1)
(33) 3- xx+4x; L3 (34) 3 x+ii-45 -4 (35) 3 -}, 81,y -4 14 (36) 37 T+1,x,% 3,0,
(37) g(—;,;,;) X+“X, (38) g( ,;,0) X, X2 (39) 4 u:n-; ulvl (40) ‘-‘ 001~v 000

(41) 4 XO,;, 00,5 (42) m X)',) (43) g(zuu) $)+ny (44) 4' ‘vivin %t{v%

@s) 3+ —1yt; —1 11 (46) m F+iyx (47) 4 0,50, 0,00 (48) g(3,13) iy

10 673 Due date: Feb 26th, 2026, 11:55 pm
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Fd3m

ORIGIN CHOICE 1

No. 227

CONTINUEp

Generators selected  (1): £(1,0,0): 1(0,1,0): 1(0,0,1); #(0,4, 1) #(1.0,1): (2): (3): (5): (13): (25)

Positions
Multiplicity,
WyckofY letter,
Site symmetry

(0,0,0)+

192 & 1 (Dxn:z

() z,x,y

) y,z,x

(13) y+3,x+1,
(AN x+3,2+141,73
QD z+3y+1.x
(25) X+ 5,5+ 14,2
(29) Z4+ 1, X+ 1,5
B3 F+1,2+45,%
(G7 y+4,85,z+
(41) X+ 3, Z,y+
(45) Z+ 1,57, x+

-t

9% h ..2

96

..m

48 mm

2.

32 e .3m X, X, X
43,5+
x4+ 3,x+
X+ 5,3+

16 d .3m 5.8

16 ¢ .3m i

8 b 43m 14,3
8 a 43m 0,0,0

Due date: Feb 26th, 2026, 11

Coordinates
(0!%|%)+ (§|0v§)+ (%‘%,())'F
Q) X5+ 42+ B)i+iy+42
6) 2+ 5,55 +1 (M ,3+4,y+1
(10) 54+ L,z4 4% (1) y+ 4,28+

z+3

(14) 5+ 1, 8+3,74+1 (19 y+§,8+1z+3
(I8) ¥+ 1,z+3,y+1 (D F+5,I+54L,7+3
(22) z+ 4,y +3x+1 @3 z+iy+ix+i
6) x+1,y+3.3+3 @D x+iF+iz+i
(30) 2+ 3, x+1i,y+3 GDz+ix+i7+i
BGHy+3i+3x+1 B9 F+1z+i,x+1
(38) y,x,z2 (39) 5, x+3,2+1
@2) x+5,24+14,7 (43) x,z,y

(46) Z,y+ 1,5+ @M z+3,5+1.%

+
+
+
+
+
+

B A A bl &l Al

LFHLFHD iyl LRI
F+LL T y+HLayHE g
F+4LF+LT y+Hhy+HLE Pyt hi
Ly+iy+: By+Ly+H: Lytay
s & 5 3 ]
)‘+§=%.)‘+3 )‘+%1§a)'+§ )'-i:y'{"i
o = s
y+iy+hi  FHLIHLE y+LFa
Li+1,2+1 I+i,x+13,2
2+ 555+ Li+3,0+1
X+izt+3,x x+5,5,84+4
LI+l FHpAthIiti xFLEHLzH
LE+) F+izdaxti BHLIFLEH
LI+ s hELx4d T+ Latixdd
4 0,x,0 S 0,0,x
LEHLE o x+3h43 E+LiL LE
E+1,x+1
%71- x+%5j’j+%
LA+ FHLEHLEE
hoti Flxbhat
111 713 131
IEEEE] IR ERY 1808
71318 351 s 113 }
180k RERE] IR
131
41414
313 }
41404
674

:55 pm

+

o

Reflection conditions

i, k,{ permutable
General:

h+k=2nand
h+1Lk+1=2n

@) x+1,5.5+1 hkl:

(8) z+ 3, x+5,¥

(12) 5,2+ §,x+1 Okl: k+1=4nand
St 3+ i k,d=2n

(;8)):?:::;,zis hhl: h+t=2n

(20) x+ 5,2+ 5,y +3 100: h=4n

(24) z+ 1,5+ 5 5 +1
(28) i+ 3,y +14,2+1
(32) 2+ 3,5+ 3,y +i
(36) y+ 1,2+ 5, E+1
(40) y+14,8+14,2
@4) £,z+ 45 +1

(48) z,y,x
Special: as above, plus
no extra conditions
x+457I+1 no extra conditions
T+ x+5, 8
HZ+3a+s
T+ix+izt+i
x+5LZ+3x+13
THLXH LI+

hkl: h=2n+1
orh+k+!=4n

o i
]
+
o

ST

no extra conditions

hkl; h=2n+1
or hyk,l=4n+2
or hk,! =4n

hkl: h=2n+1
orh+k+!{=4n

11
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NTINUED _
co No. 227 Fd3m

Symmetry of special projections

Along [001] pdmm Along [111] p6mm Along (110] ¢2mm
a=i(a-b) b =i(a+b) a=!(2a-b-c) b =i(-a+2b-¢) a=i(-a+b) b=c
Origin at 0,0,z Origin at x,x,x Origin at x, x, ;

12 Due date: Feb 26th, 2026, 11:55 pm
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F43m T} 33m Cubic

atterson symunetry Fmp

No. 216 F43m
m

Origin at43m

Asymmetric unit
Vertices

Symmetry operations
For (0,0,0)+ set

(ON (2)2 0,0,z 3)2 0y0 4) 2 x,0,0

5) 3* x,.x.x 6) 3* x,xx (N 3* xx.% 8) 3* &,%,x

9) 3~ xxx (10) 3- x,x,x () 1_5‘ XXX (12) 3~ &,x,%

(13) m x,xz2 (14) m x,%z2 (15) 4+ 0,0,z; 0,0,0 (16) 4~ 0,0,z; 0,0,0

(17) m xyy (18) 4 x,0,0; 0,0,0 (19) 4- x,0,0; 0,0,0 (20) m xyy

21) m xyx (22) 4 0,0, 0,0,0 (23) m xy,x (24) 4* 0,,0; 0,0,0
630

(&) CamScanner
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CONTINUED

Symmetry operations (continued)
For (0,3,3)4 set

No. 216 F43m

(O 1(0,1.3) (2) 2(0,0,}) 0.z il y 1

O F(EE xotacks 6 3 il Eaged o .. W50

© 34 x=bvbbx  (10) (=000 wilg M 3(~4id) HE-i8 @) 3 LR

D2 By x=gadgy (10) 37 (=5,5,1) MHLIHLE (1) 37 541,040 (12) 3 .
(13 S(:.f‘f) Y=g (14) g(—4.44) x5z (5) & iz il (16) & —1bz =44t
(m ‘QE?'E'E) ey LIg) 2 \‘,.(') ?‘.’(.) (19) & x,0,%: 0,0, (20) m xy+13
@D 2(ii) x—iya (2) & fyd b (23) g(=148) THiyx (24) & =Lyt =444
For (1,0,1)4 set

(M 1(3,0,3) ) 200,8) 10z @2 ! @) 2(1,0,0) x0.}

(8) 3°(5:3.3) x+ix—ix ©6) 3(5,-33) FHhxthi () 3 @®) 3 i+ i+lx

© 3 fi;i;i) XY= x=5x  (10) 37 x+},5,% (11) 37 i+! (12) 3-(5,-4,3) E—ixti g
(13) g(5si,3) x+ixz (14) g(t,—41) x+hiz (15) & 1,— (16) & 14z 4id

(17 g(3,5,3) xy=1y 18) 4* x 11111 - A mr
2 8 ;’“: Y5y (18) Xy3hds Drava (19) 4- . (20) 8(;‘—;.; xXy+i.y
2D 8(:.0,5) xyx 22) & 1y0; 1,00 @3) m (24) & 0,1 0,0}

For (1,1,0)+ set

M (330) @2 hic 3 2040) i @ 2(1,00) x}0
(3) 3(5.8,3) x+batix  (6) 3 FHxE () 3 x+l, i3 (®) 3 (1 ht) FHLE4x
) 3 (p33) x+ixtix (10 3 PR (D 3(44=1) THLEHLx (12) 37 Rxth i

(13) g(?,?,o) x,x,2 (14) m x+i5z (15) & ;,0 10,0 (16) 4~ 0,4,z 0,1,0
(7 S(f'f’%) xy+iy (18) 4* x,5,—3 3,53 (19) & xd hid (20) L’('m-:) Xy
(21 g(3,1,3) x+iyx (22) 4 Ly-1; L0t (23) g(t,4—1) T+iwx (24 4 fyh L

Generators selected  (1); 1(1,0,0); 1(0,1,0); #(0,0,1); 1(0,%,4); ¢(2,0,4); (2); (3): (5): (13)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry (0,0,00+ (0,4, )+ (1,0,H)+ (5,1,0)+

9% i 1 (1) x,5z () %,5,2 3) %32 4) x,¥,2
S z,x,y 6) z,%,§ 7z, (8) x5
9 »z,x (10) 7,z,% 2 ) Vi Z,x
(13) y,x,z (14) y, %,z ) 75,2
a7 x,z,y (18) 5,y ) 4, 5¥
21 z,y,x (22) z,y,% ) 4, 5,x

48 h ..m XX,z &z %x,Z b 8% 2,X,X

Z,5,x 2 x X,2,X XK X,Z,%
24 g 2.mm X404 X34 Lx 1, %51 Hhix

249 f 2.mm x,0,0 ,0,0 0,x,0 0,%,0 0,0,x

16 e .3m XXX 55 o f X, 5%

4 d 43m L

4 ¢ 43m L

4 b 43m L

4 a 43m 0,0,0
Symmetry of special projections
: Ignf'a[oo 1 = ‘2".'{; :linf(lzlall] lfz lc;" b =!(-a+2b—c)

Origin a1 0,0,z Origin at x,x,x

631

Reflection conditions

h,k,! permutable
General:

hkl: h+kh+1k+1=2n
Okl: k,0=2n

hht: h+1=2n

h00: h=2n

Special: no extra conditions

Along [110) c1m1
a'=i(-a+b) W=c
Origin at x,x,0

14 Due date: Feb 26th, 2026, 11:55 pm
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Semester: Spring 2026 PHY 535/PHY 332: (Advanced) Condensed Matter Physics

Im3m No. 229 CONTINUEY,

Generators selected  (1); 1(1,0,0): £(0,1,0); £(0,0,1): #(4, 4, 4): (2): (3): (5): (13): (25)

Positions )
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry 0,00+ (5,4,1)+ h,k, permutable
General:
9% I 1 (N x,ynz 3) 5,32 ) x,5,2 hkt: h+k -fi: 2n
(5) 23,y M &5y ® 3,5 ol
©) 2% ADyzE (255 i
(13) 5,2 15)yiz (16552 sl =2
(19) 1,7,y (20) x,Z,y
(23) Z,yx 4 55,8
(27) x,5,2 (28) &, 32
31) z,x,5 (32) 7,8,y
(35) y,z,x (36) y,2,%
39) ¥,x,2 (40) y,%,2
(42) x,2,5 43) x,z,y @4) 5,,7
(45) Z,57,x (46) Z,y, & 47 z,5,% (48) z,y3,x
Special: as above, plus
48 Lk ..m X,X,2 P ¥4 X2 52 ,X,x ,5,% no extra conditions
Zixx TLXX X,2,X p et x,7,% xZ,x
X,X,Z 04,2 XX,z XX,z x2,X £2x
X,Z,% X, Z,X 2,X,% ,%,X Z,x L x
48 j m.. 0,2 0,7,z 0,y,Z 0,5,2 2,0,y 2,0,5 no extra conditions
7,0,y 0,5 »z,0 7,2,0 »Z,0 73,0
0,2 50,2 »0,2 5,0,z 0,z,§ 0,2,y
0,z,5 0,2,y 30 30 w0 45,0
48 i ..2 ahy+3 L5+ ny+i why+i no extra conditions
FHLLY F+LLY yHii YHHLY
SRR B+ »y+ii Byt
%,)‘H)“"% L)'vy*'g %u)—'y‘_"}'; ;v)'u)—'+%
y+hig Yy FHLLY Ly
Fy+hi »y+ii AR SE Wi+
24 b om.m2 0,y 0,5,y 0,3, 0,5,5 20,y »0,5 no extra conditions
70,y 70,5 »%0 F0 »5,0 »50
24 g mm2.. x,0,} 50,3 1,x,0 10 0,5,x 0,5,% no extra conditions
0,)‘,; 0,.\-,% \’,%,0 i,;,O %,O,f %,0,,\'
16 f .3m XXX X Ex x,x X% no extra conditions
XX, X X,EX X8 Xx,x
12 e 4m.m x,0,0 x,0,0 0,x,0 0,%,0 0,0,x 0,0,% no extra conditions
12 d 4m.2 10,1 10,3 H1,0 Hi0 0,4} 0,13 no extra conditions
8 ¢ .3m hid hiv Lo hii hkl: kI =2n
6 b 4/mm.m 0,4,% 50,3 Hi0 no extra conditions
2 a m3m 0,0,0 no extra conditions
690

(&) CamScanner
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Semester: Spring 2026

16

P4/n

No. 85
ORIGIN CHOICE 1

F

¢
*
P

Originatd onn, at —!, 1.0 from 1
Asymmetricunit 0<x<;
Symmetry operations

[ON!
¢ 1

(2) 2 0,0,z
$,4,0

(6) n(1,1,0) x,y0

3
C4h

P4/n

* ¢
o
® %
o
* P
0<y<y 0<z<y
(3) 40,5,z

(7) & 0,0,

) 4

0,0,0

Generators selected (1); £(1,0,0); 1(0,1,0); £(0,0,1); (2); (3); (5)

Positions

Multiplicity,

Wyckoff letter,

Site symmetry

§ g | (Dxyz
(5) X+ 4,7+1.2

4 f 2 0,0,z IR N

E=

hl

—
-
=

4 d 1 L0 110
2 ¢ 4 0,4,z 10,2
2 b 4., 0,0, L
2 a A 0,0,0 14,0

Symmetry of special projections
Along [001] p4
a'=i(a-b)

Origin at 0,0,z

b'=i(a+b)

Coordinates

Along [100]
a=b

() F+ir+iz
M) »x,2

p2mg

b=c¢

Origin at x, 1,0

394

4/m

Tetragony)

Patterson symmetry 14/,

® 0}
+0
O+ oF
. ©
5 a
-0
®_
i 0 .
0) K 0)
+O
O O+
0}

1,0,z
(8) 4~ 0,0,z; 0,0,0

(@) y+1,5+14,2
@ ¥x,2

Reflection conditions

General:

hk0: h+k=2n
h00: 1 =2n

Special: as above, plus
hkl: h4+k=2n

hkf: hok=2n

hkl: hok=2n

no extra conditions
hkl: h+k=2n

hkt: h+k=2n

Along [110] p2mm

a' = i(-a+b)

b'=c¢

Origin at x,x,0

CamScanner
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Semester: Spring 2026

PHY 535/PHY 332: (Advanced) Condensed Matter Physics

Tetragonal 4/m

aterson sywetey 24 /im

(o] o o
* P
o o} [}
& 2
o o e}
Originat Tonn, at 1, —!,0 from 4
Asymmetricunit -!<x<!; -!<y<l; 0<z<!)
Symmetry operations
m1 @2 iz () 4 542
5) 1 0,0,0 6) n(4,4,0) x,50 M+ -4z 3,-4,0

Generators selected

Positions
Multiplicity,
Wyckoff letter,
Site symmetry

Coordinates

8 g 1 (1) x,yz Q) F+1,5+1,2
) %,75,2 ©) x+3,y+1,2

4 f 2 1 hhe L

4 e 1 0,0,3 $r33 1,0,3

4 a4 1 0,0,0 110 1.0,0

2 ¢ 4 Lz Iz

2 b 4. R hid

2 a 4. 53,0 11,0

Symmetry of special projections
Along [001] p4
4= i(a—b)

b'=i(a+b)
Originat }, 4,z ’

Due date: Feb 26th, 2026, 11:55 pm

(1); £(1,0,0); (0,1,0); £(0,0,1); (2); (3): (5

@B)F+ixz
M y+:1.52

Along [100] p2mg
a=b b=c
Origin at x,0,0

395

~

@) 3T+
@) Fx+41

3
Cd h

P4/n

P4/n

No. 85

ORIGIN CHOICE 2

_ O-
o O]
o Q
¥
o+ , O+
@)
0}
-© -0
. - _
o ©
O O
+ *O +
@4 44z
@® & -4z =40

Reflection conditions

General:

hkO: h+k=2n
h00: h=2n

Special: as above, plus
hkl: h+k=2n

hkl: hok=2n

hkl: Ik =2n

no extra conditions
hkl: h+k=2n

hkl: h+k=2n

Along [110] p2mm
a=i(—a+bh)
Origin at x,x,0

W=t

(&) CamScanner
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PHY 535/PHY 332: (Advanced) Condensed Matter Physics Semester: Spring 2026

Pm3m O, m3m Cubic
No. 221 P 4/"1 3 2/)71 Patterson symmetry Pm3,,

640

el
CamScanner
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Semester: Spring 2026 PHY 535/PHY 332: (Advanced) Condensed Matter Physics

~ JTIN 2 ¢
CONTINUED No. 221 Pm3m

Origin at centre (m3m)

Asymmetric unit 0<x
Vertices 0,0,0 10,0 11,0 143

Symmetry operations

(1 2)2 0,0,z (3)2 0,50 4) 2 x,0,0
(5) 3* x,x,x (6) 3* &x,% (7 3" x,§,% 8) 3* %ix
9 3 x,x,x (10) 3" x, &% (1) 3~ x,%,x (12) 3- &,x,%
(13) 2 x,x,0 (14) 2 x,%,0 (15) 4- 0,0,z (16) 4* 0,0,z
(17) 4~ x,0,0 (18) 2 0,y (19) 2 0,37 (20) 4* x,0,0
(1) 4° 0,50 (22) 2 x,0,x (23) 4 0,0 (24) 2 %,0,x
251 0,0,0 (26) m x,y,0 27 m x,0,2 (28) m 0,3,z
(29) 3* x,x,x; 0,0,0 (30) 3* xx, % 0,00 @B 3 5,55 0,0,0 (32) 3* £5x 0,0,0
(33) 3- x,x,x; 0,0,0 (34) 3 x,5,% 0,0,0 (35) 3 x,%,x 0,0,0 (36) 3 %,x,% 0,0,0
(37) m x,%,z (38) m x,x,2 (39) 4 0,0,z; 0,0,0 (40) 4* 0,0,z 0,0,0
(41) 4~ x,0,0; 0,0,0 (42) m x,3¥ (“3) m xyy (44) 4* x,0,0; 0,0,0
(45) 3* 0,y,0; 0,0,0 (46) m X,y,x (47) 4- 0,5,0; 0,0,0 48) m x,yx
641
Due date: Feb 26th, 2026, 11:55 pm 19
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PHY 535/PHY 332: (Advanced) Condensed Matter Physics
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20

Pm3m

No. 221

CONTINUEf

Generators selected (1) 1(1,0,0): 1(0,1,0): 1(0,0,1): (2): (3): (5): (13): (25)

Positions
Multiplicity,
Wyckofl letter,
Site symmetry

(1) xyz
() z,x,y
9) y,2,x

(13) »x,2

48 n 1

24 m m
24 I m
24 kK m

12 j m.m2
12 i m.m2
12 h mm2..

8 g .3m

6 f 4m.m

6 e 4m.m

3 d 4/mm.m
3 ¢ 4/mm.m
1 b m3m

1 a m3m

=]

eyt

¥,
z,0
»0

o

Coordinates

(2) &5,

(6) 2, %,
(10) ¥.z,
(14) ¥, %,
(18) ¥,z,
(22) z,5,
(26) x,y,2
(30) Z,x,¥
34) yIx
(38) y,x,z
(42) x, 2,5
(46) Z,y,x

I s ]

e =t

IS el e]

Ll R l]

IR & L
T4 o= ity
-t

- & !
T

I Ob'v.

oWt O
~—- ;’,l ks
< -

O iw-
=]
tez

ey

]

ey ba1=

[=R=}

-1~
-
Rt

S o
w- O w= S
o S -

o=
=4
-

tn

Q) 5y

M35
(1) »,Z,.
(15) .,
(19) 1,z,
(23) Z,3x
(27) x,¥,
31) z,x,
(35) y,z,
(39) 7,x,2
43) x,z
@7 z,5,%

-t

ey £

R ]

g B

) ea = oew

"R R

"ot =

o

ai=
el

ot

0 =

i Rt

) = £ N
=

<

=t et

bt
=

0,2 0,y,2
»z,0 ¥,z,0
\')Oy-’. _\-' O.Z
30 5,0
LNF
Y03
0,35
»0
0!-“1{ ov-fv%
v,0, 1 %,0,3
XX, Y, %, %
X, XX XX
e 1Lx!
0,x,0 \%,0
0,0,4

642

Reflection conditions

Ik, I permutable
General:

)\, ¥,2 no conditions
8) Z,x ¥
(12) 7,%,x
(16) ¥,x,2

(48) z,3,x

Special: no extra conditions

Z,X,X Z,X,X
x:z.X L X
x,2,x KL X
X%, X LX X
- y -1 5
t‘)%y,‘ 2,5,
, 3 1 v 3!
N3 ART2S]
= & e
%v‘-\) 115,)
oy ! 551
) EER RS
Z,O,)‘ :vovf
)‘3EYO ‘.VZHO
0,z,5 0,2,y
‘:'!)"0 f!)—.)o
By $
y )
i Y
»0.y »0,57
»¥,0 55,0
! =
1,0,x 50,%
) =
0,3,% 0,1,x
1) &
I hi¥
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Semester: Spring 2026 PHY 535/PHY 332: (Advanced) Condensed Matter Physics

CONTINUED

No. 221 Pm3m

Symmetry of special projections

Along [001] p4mm Along [111] p6mm Alon‘g (110] p2mm ,
a'=a[ l]>’p=b a=1i(2a—b-c¢) b =!i(-a+2b—c¢) a‘.=.5(—a+b) b =c¢
Origin at 0,0,z Origin at x,x,x Origin at x,x,0
643
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16

Pnma 2 mmm Orthorhombj
NO. 62 P 2,/]1 2,/]71 21/0 Patterson symmetry Pmpmy,
$1b

re

I

il
|

—-—0
!
|
!
|
-
!
|
|
|

I
|
!
|
-
|
|
|
|

s caf o o dfran
RN o
e —

2
n
L]
o
o —\@— 0 —@\—0
e
n

i
‘(’.—I—‘O«
"

|

t
e | | T -® O- -0
’ ’ O +© O+
Mo . _ e ok 10
g OF 10 o
Q,
I l -© O- -©
- O o 0 — O+ +© O+
0 b
I i I
OriginatTon 12,1
Asymmetric unit 0<x<4; 0<y<} 0<z<l1
Symmetry operations
(1 (2) 2(0,0,1) 1,0,z (3) 2(0,1,0) 0,0 ) 2(3,0,0) x,§,3
(5) 1 0,0,0 6) a Xy} (M m x5z ®) n(0,5,3) HL»z
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Semester: Spring 2026 PHY 535/PHY 332: (Advanced) Condensed Matter Physics

CONTINUED No. 62 Pnma
Generators selected  (1); £(1,0,0); ¢(0,1,0); £(0,0,1); (2); (3); (5)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
§ d 1 ) x,yz ) i+131,502+13 (3)5,y+1,2 4) x+5,7+1,2+% Okl: k+1=2n
) %,5,2 6) x+1,y,2+1 M xy+4z @ i+iy+iz+i hk0: h = 2n
h00: h=2n
0k0: k=2n
006: 1=2n
Special: as above, plus
4 ¢ .m. x4z i+41z44 iz x+4,0 741 no extra conditions
4 b 1 0,0,% 1,0,0 0,4} 440 hkl: h+1k=2n
4 a 1 0,0,0 10,4 0,4,0 1,48 hkl: h41,k=2n

Symmetry of special projections

Along [001) p2gm Along [100] c2mm Along [010] p2gg
a=ia b'=b a=b b=c¢ a=c b'=a
Origin at 0,0,z Originatx, },} Origin at 0,y,0
355
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