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

Assignment 3

Diffraction, Scattering, Structure Factors
Please no Al-generated solutions. Would be your loss!

Question 1

S
>

|| k out of the plane of paper

(a) Find the unit translation vectors @, b, and & of the (P) hexagonal lattice in terms of
the unit vectors ¢, j, and k as shown above.

(b) Find the reciprocal lattice in terms of 7, j, and k.

(c) Elements like Co and Mg crystallize in the (P) hexagonal lattice in the manner
shown. Their fractional coordinates are:

(0,0,0)

The basis has two atoms. This arrangement of atoms is often called hexagonal-close-
packed (or hep for short). Find the lattice structure factor Sy for the (P) hexagonal
lattice.

(d) Find the basis structure factor Spxe. Hence, determine the overall structure factor.
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(e) How many possible values of the intensity of diffracted X-ray peaks exist, and what
are their relative magnitudes (ignoring the dependence of f on 6)?

Question 2

Fe has a BCC structure. Note that only reflections for which h + k + ¢ = even are allowed
(as seen in class). For Fe, a = 0.2866 nm.

(a) Make a table of d-values for planes {hk¢} from which X-ray reflections can be pro-
duced. Put the entries in order of decreasing d-values and list the first five entries.

(b) Find the corresponding scattering angles.

Question 3

A BCC structure with a basis at (0,0,0) has a lattice parameter a = 0.5 nm.

(a) X-rays of wavelength 0.25nm are shone onto a single crystal. Using the Ewald
construction, identify the reflecting planes, reflecting directions, and angles in 3D.

(b) In a Laue experiment, a range of X-ray wavelengths between 0.25nm and 0.3nm
are incident on the same crystal. Using the Ewald construction, now identify all the
reflecting planes and directions in the [uv0] plane.

Question 4

The dichalcogenide MoS, crystallizes in the space group No. 11 (P2;/m). Show that for
00/ reflections from a general position 4 f, one must satisfy the condition ¢ = 2n. For this,
you would need to find the structure factor for the atoms at the 4f positions.
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Question 5
A single crystal has scattered X-ray beams with the following sin” # values:

0.0700
0.0763
0.1400
0.1463
0.2163
0.2762
0.2800
0.2863
0.3500
0.3563
For a cubic crystal, the d-spacing is given by:
1 R +E+P
a2 a? '
For a tetragonal crystal:
1 h+k P
E- @ &

(a) Show that the crystal does not belong to the cubic system.

(b) Let’s determine whether it belongs to the tetragonal class. Show that for tetragonal
crystals we can write:
sin?f = AN + BM,

where N and M are integers. What are the allowed values for N and M?

(c) Tabulate your data and determine A and B, and hence determine the lattice param-
eters a and c¢. Conclude that the crystal is tetragonal.

Question 6

In class, we showed that the atomic scattering function is:

R ™
fa / dr r? p(’r’)/ dpsin g e V% snbcose,
T 0

=0

(a) Solve the angular part with a suitable substitution.
(b) Given p(r) o< e7"/%, where b is a constant, find f, (correct upto a scaling factor).

(c) Plot f, versus siné.
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Question 7

BaTiO3 is Pm3m. The basis is:

(a) Sketch this unit cell.

(b) Find S(yo1) where the atomic form factors are fza, fri, fo, i.e. find S(e for h =0,k =
0,¢ = 1. You are required to find the structure factors for both the lattice and the
basis. Then multiply the two together.

Question 8
Copper (F'm3m) is illuminated with X-rays (A = 154pm).
(a) Show that for the scattering angle 0,
2

A A2
(R +k*+0*)=-—-N=AxN.

.9
sin“ f =
a? 4a?

where N = h? + k? + (2 must be an integer.

(b) A real experiment yields the scattering directions tabulated in the given table. Com-
plete the table below and in the process verify that the crystal system is cubic. Find
the unit cell size.

sin? 6 N hkt
0.1365
0.1820
0.3640
0.5005
0.5460
0.7280
0.8645
0.9100
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Question 9

Diamond belongs to the F'd3m space group with C' atoms in the 8a positions.

(a) Show that these atomic positions are compatible with a basis set of C' atoms at 0,0, 0

1 1 1
and VR

(b) Find the SP#', and hence the systematic absences.

(c) How many distinct values for the intensities for the scattered X-rays exist?
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ing 2
/ N
Monoclinic 2/m Gy P2, /m
1
Patterson synunetry 2112/m Pl 2|/I7I No. 11
UNIQUE AXIS ¢
l‘ 0 b o o
§\‘§\-§ -—o0 o 0 —
§ § § -—ti O o 0 —»
a/ / s
-0 o 0 —
§ § § 2
-k O
- Ho-
u -+ -+
0T,
/ / \bo 1-©+ -+
Originat T on 2,
Asymmetric unit 0<x<l; 0<y<l; 0<z<i
Symmetry operations
11 (2) 2(0,0,%) 0,0,z 3 1 0,00 @ m x4
Generators selected (1); 1(1,0,0); £(0,1,0); 1(0,0,1); (2); (3)
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 f 1 (1) x,3,z () %,5,2+1% (3) 55,2 @) x,3,7+3 005: 1=2n
Special: as above, plus
2 e m X, i 5V, no extra conditions
2 d 1 14,0 L hkl: 1 =2n
2 ¢ 1 1,0,0 1,0,1 hkl: 1 =2n
2 b 1 0,1,0 0,4,1 hkl: 1=2n
2 a 1 0,0,0 0,0, 3 hkl: |=2n

Symmetry of special projections
Along [001] p2

a=a b'=hb

Origin at 0,0,z

Along [100] p2gm
a'=b, b'=c
Origin at x,0,0

Along [010] p2mg

a=c

¥
b'=a,

Origin at 0,y,0

235
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Pm3m O, m3m Cubic
No. 221 P 4/"1 3 2/)71 Patterson symmetry Pm3,,

640
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~ 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,5,0 (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
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Pm3m No. 221 CONTINUES

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

Positions
Multipliciy. Céardiinites Reflection conditions
Wyckofl letter,
Site symmetry Ik, I permutable
General:
P (D) @ 55,2 RIS @) x,5,2 Doy condiLInE
(5) z.x,y (6) 2,§,§¥ M5y (8) Z,x, ¥
9) yz,x (10) y,z,% (1) 32,8 (12) 7,%,x
(13) vox,2 (14) §,%,3 (15) y, &,z (16) 7,x,2
(17) x,z.¥ (18) ¥,z,y (19) £,Z,5
(21) z,3,% (22) z,5,x (23) Z,y,x
(25) £,5,2 (26) x,y,2 (27) x,¥,2
29 .55 (30) Z,x,y 31 z,x,¥
(33) .\-',:-.‘ by (34) _“n:.‘-\' (35) )_'v:v-‘.
(37) ¥, %,z (38) y,x,2 (39) 7,x,2
(41) £,2,y 42) x,2,¥ 43) x,z,y '
(45) Z,¥,x (46) Z,y,x @7 5, 48) z,3,x
Special: no extra conditions
24 m m X%,z Xix.Z X, %,z Z; XX ,4,X
Z,X,% X;Zx £;2.% X:Z.X Xx,Z,x
x%2 X, %,z £xz Xz X x,z,x
Ko ZoX ,X, % 2, 5,x Z,X,X 4,8
24 I m L.z I HE b4 2,3, 2,4,
44y »i Bt »ihi Roi
b b2 B iz Hay hay
335) L) ; :a,\_'v H fv)‘v ; :-")-‘l ;
24k m 0,52 0,5,z 0,52 0,5,z 7,0,y 50,5
quy)' Zyov\- "v:vo )_!:10 )',5,0 "vzao
»0,2 50,2 »0,z %0,z 0,z,¥ 0,z,y
0,z,5 0,2, 0 35,0 0 L0
12 j m.m2 LYYy Ly 0 Ny Vi
“%Y y’%’)_‘ )"."?% )”)-.’:; )
12 i m.m2 0,y 0,5,y 0,5 »0,y »0,5
5,0,y 50,57 »»0 »¥,0 5,0
12 h mm?2.. x40 x40 0,x,1 0,1 50,x 1,0,%
4,x,0 1,50 x,0, 1 x,0,4 0,4,% 0,1,x
8§ g .3m X, XX £,5,x Xxix X, 5,5
xX,x,5 XXX Xakx XX
6 f 4m.m Xided %34 S 14,3 HEN b %
6 e 4m.m x,0,0 x,0,0 0,x,0 0,%,0 0,0,x 0,0,%
3 d 4/mm.m 1,0,0 0,1,0 0,0,3
3 ¢ 4/mm.m 0,31 1,0,3 51,0
1 b m3m 108
1 a m3m 0,0,0

642
Due date: Mar 5th, 2026, 11:55 pm 9

(&) CamScanner



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

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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CONTINUED

Origin at centre (m3m)

Asymmetric unit
Vertices

Symmetry operations

For (0,0,0)+ set
M1

(5) 3* xx,x
9) 37 x,x,x
(13) 2 x,x,0

17 4 x,0,0
@l 4 030
(25) 1 0,00
29) :_3' x,x,x; 0,0,0
(33) 37 x,x,x; 0,0,0
(BT m x,%z
(1) 4 x,0,0; 0,00
(45) 4° 0,»,0; 0,00

For (0,1,3)+ set

(1) 1(0,3,1)
®) 3

(5343
(9) 3—(;V.!\v;) \'—éy.\'-H,x
(13) 2(3,3,0) x,x+3,3
(17) 4 x,1,0

(37 g(

45 & —iykh —%&

For (1,0,2)+ set

(1) 1(4,0,4)

(5) 3‘(%!%!%) '\‘+i1x_i)"‘
) 3°(5,5,3) x—gx=j,x
(13) 2(5,1,0) xx—1,1
(17) 47(3,0,0) x4,

(1) 4* 130

251 104

29 3 .\‘—1., —4x 0,03
(33) 3-

(37) g(u Zw) -‘+i‘v-.ﬁ
(41) 4 x,— i

]
ua DT o

45) 3 0,4 0,0,!

For (1,1,0)+ set
(1) 1(3,3,0)

5,5 1,0,0
X
]
i

(29) 3* x+!x,x; 1,00
(33) 37 x,x+4,x; 0,4,0
B m \’+1,A,Z

(41) 4 xviviv 5‘1 i

0<x<h
0,0,0

(26) m x,0
(30) 3+ %,x,% 0,00
(34) 3 x,%,% 0,00
(38) m x,xz
42) m xyy
(46) m xXyx

(2) 2{00,3) 3,02
©) 3°(,—3,5) &
(10) 3" x+1i,%,]

WX+1,5 0,
(34) 3- \'+' =15 0—1%
(38) g(ii, ’) hxe
42) g(4,—1,8) xy+af
46) m T+iyx

22 iz

(6) 3* T+i,x%

(10) 37 x,i+1,%

(14) 2 x,%+1,0

(18) 2(0,3,3) Fy+1.y
(22) 2(3,0,3) x+i,5,x
(26) n(3,3.0) xy0

(30) 3* =L x+1.5 0,1
(34 3 x+1,i-L5 40,8
(38) g(1,3,0) xxz

(42) g(tviy_%) -“*.‘"*'é y
(46) g(:~§v_%) “'"H\.V X
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No. 225

0<y<i 0<: y<min(x,}—x); z<y

10,0 110 i1

2)2 00,z 3)2 0y0

6) 3° %% (7) 3* x,i,%

(10) 3~ x,i,x (1) 3 §,5,x

(14) 2 x,x,0 (15) 4- 0,0,z

(18) 2 Oy (19) 2 0¥

(22) 2 x0,x (23) 4~ 0,y,0

27y m x0,2
@31 3¢ x,5,5 0,00
(35) 3- &,ix; 0,00
(39) 4~ 0,0,z; 0,0,0
43) m xyy
47 4 0y,0; 0,00

(3) 2(0,4,0) Oy1

(7) 3‘(";&&) .\'+l,vi_£ei
(1) 3 i+} \+ x

(15) 4-(0,0,4) i1z

(19) 2 0_\+' 3

(23) 4°(0,1,0) -3y

27 c r..,..

(39) 4 —i5,8 —5ihd
(43) g(0.3,1) Xy
@7 & ins Hid

(3) 2 i

(7) 3* x+3,71-4,%

(1) 3~ T+4,5,x

(]5) 4_(05()‘%) %v-iv:
(19) 2( ‘_%v%) i-)+5u)-
(23) 4 0y,

27 n(3,0,3) x0.2

@3n 3 .\'+§,.\'r+§,.f; 140
(35) 37 F+5,8+1,x0 0,41
(39) l.i.:. H l.!

“3) g(4,4.3) = Wy
47) 47 L y0; ¢ 00

(3 2(0,3,0) 20
(7) 3" x+5,5,%

(11) 3°(5,3,—5) T+§,F+5,x

(15) 4 1,0,z

(19 2(0.3,—1) m+1,.\"
(23) 47(0,1,0) ixi
27 a x,i.z2

(31) 3* x=4,#+1,5 0,},—4
(35) 37 §i+i,x 04,0
(39) 4 0,4, 0,40

(43) g(5,5,1) Xyt
(47) 3_ 5.-.“": 1%1 %

665

) 2
8) 3*
(12) 3
(16) 4*
(20) 4*
(24) 2
(28) m
(32) 3
(36) 3
(40) 4
@4) &
(48) m

“ 2
®) 3" 3
(12) 3

(16) 4*(0,0,1)

(20) 4*

@4) 2(-

Fm3m

x0,0
R
nxx
00,z
x,0,0
1,0,x
0.2
i5x 000
x,x,% 0,00
0,0.z; 0,0,0
x,0,0; 0,00
XY, X

plibad
>-u “'

!

"

+ X

x—’ x+ X
=dhas

x,0,1 i

104) T+idx

(28) n(0,5,3) Oyz

(32) &
(B6) 3 1

40) 4+
() &

48) g(i11)

x,1,0; 0,1,0

1
X=iyx

4 2(:,0,0) -\'.0,%
(®) 3 T4,

(16)

(20) 4*
(24) 2
(28) ¢

(32) 3* i+,

(0,0 )
(100) -
r+‘0r

ki .
Il

-
I

) 2(3,0,0) x50
®) 3'(3,5,—3) T+ T+ix
(12) 3" Bx+d %
(16) 4* 0,1z
(20) 47(4,0,0) x,i.4
(24) 2(3,0,—3) T+i,i,x
28) b ipyz
(32) 3 ¥+1,%,x 1,00
L

i 10,0
@4) & xi-h -l
(“8) g(i,3.3) xtiyx
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12

Fm3m

No. 225

CONTINUEp |

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

Positions

Multiplicity,
WyckofT letter,
Site symmetry

192t 1
9% k ..m
9% j m..

48 i m.m2

48 h m.m2

48 g 2.mm

32 f .3m

24 e 4m.m
24 d m.mm
8 ¢ 43m
4 b m3m

4 a mim

(0,0,00+ (0,5,:)+ (4,0,1)+

(1) x,»,2
(5) z,x,y
9) yz,x
(13) y,x,Z
(7 x,z,¥
1) z,y,%
(25) %,5,2
(29) z,x,5

) -

LTI
20
e oM

=)

O O
R e )

O =

- ‘<
D

Coordinates

(30) Z,x,y
G4) y,Z,x
(38) y,x,z
42) x,Z,¥
(46) Z,y,x

L TS
L0
= otu e

Reflection conditions

(5:1,0)+ Ik, permutable
General:
3) 42 4) x,5,2 hkl: h+kh+1Lk+1=2n
(7 z,x5y 8) z,x,¥ Okt: k,d=2n
(1) »z,x (12) 5,%,x hhi: h+1=2n
(15) y,§,2 (16) ¥,x,2 h00: h=2n
(19) 5,2,y (20) x,Z,y
(23) Z,yx (24) 7,7,%
27) x,5,2 (28) 5,3,z
(31 z,x,3 (32) z,%,y
(35) ¥,2,x (36) y,2,%
(39) ¥,x,2 (40) y,%,2
(43) x,z,y 44) x,z2,¥
(47) Z,_\-‘.f (48) 40X

L 4 X
X;Z: X Xy
X,X,2 X
Z,X,X Z
0,y,2 0
»z,0 ¥
30,z ¥
3,0 2
o ]
H0Y ?
Y1 ¥
0,5 0
»»0 b
1 1 1
FER T H
X 4i X
XX X
X, XX I
0,x,0 0,
1 1
4'707 i

T, ik B

[N}

Tl =y W

- =

=

Special: as above, plus

¥4 XX B8 4 no extra conditions
54 xZ7,% BN ¢
%4 X, 2,X 3,2,X
X Z,x,x L,0x
Z 2,0,y 2,0,¥ no extra conditions
,0 »z,0 54,0
\2 0,z,¥ 0,z,y
,0 0 z,y5,0
V¥ ¥ %;)' » %a,\-' no extra conditions
e »hi Fid
¥y »0,y »0,¥ no extra conditions
,0 »5,0 ¥, 5,0
53 hix hh¥ hkl: h=2n
] = ]
71% %;%1"‘ 411;1‘
\ X no extra conditions
i g
%0 0,0,x 0,0,% no extra conditions
3 | B |
0,3 Han0 110 hkt: h=2n
hkt: h=2n
no extra conditions
no extra conditions
666
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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
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Semester: Spring 2026

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

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

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
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+

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

15
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PHY 535/PHY 332: (Advanced) Condensed Matter Physics Semester: Spring 2026

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, ;

16 Due date: Mar 5th, 2026, 11:55 pm
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