18 5 = [B) #0148 5 = P

& BEPHREER, LNEFREE. BFRFENRGE, BEZGTEMNEARRE, —R

AT R :
o0 00 O 3
V) =3 o - Ry), Ro= ) niai, (njeN) (9)
ny ng n3 =1

He o(r) EXFEER (unit cell) H. FFEEMNEE R,
V(r —Rp) = V(r) (10)

& FERMERSRATUNELTERT, SAMEEXREE (FS5ZE) #TRE, AHEdEEN
254 (Fourier transform, FT) #{TiEi#a:

Vi) = -

JV(r) e qr V(r) = j V(k) e’ dk (11)

crys

crys k—space

XE Qorys RENREHER.




18 5 = [B) #0148 5 = P

& BERTEENER, RITTUSFE

~V(k) - Qc];ys j ny ; U(r - R") e_ik-r ar (12)
crys M1M2:73
_ ! Z o) e kT eIk R g (13)
chys 112,13 o))
_ |1 kR, | | L —iker
=¥, 2 e [chn J“ v(T) e dr} (14)
iBLE@AETA k), A Vi) BERE, BHEERER Ry, BIATSEIHTXER
AK) = e T ReAK) = AK) [1 - e Re] =0 (15)
B Ak) TeER 0, FERMATLIEHUTRER
e kRm =1 VmeN (16)

= ﬁ%il‘ﬂ (BX=E) PiREBRERELSN! ARRE, BIMEA G KE k RRTHESMG




18 5 = [B) #0148 5 = P

A B
MFRAERFRIAERE Ry, #E

e G Rm = (17)

HE

Gp -Rpn=27n  VneN (18)

£ G, MIRANES, RAZHFHART (ERTRESK) MERT (B5RK).

& RS V) REGEN TR

J o(r)e 1T dr (19)

V) = Y (@) eier (20)
L
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|V(G)| [arb. units]
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//1d_fft_plt.py

15 =R E S = B TR T

& RIBEN, RINMEAEXHEENTRER
Gp-a; =2rL1, Gp-ap=2rLy, Gp-a3=2rLs (L;eN) (22)
Ek, FATRTABERE RS K
G = Liby 4 Laba + Labs (23)

a;-b; =27y (24)

e fRIEN(23), EETFREISTEFL b AERKHRERTF!




BERBEER

BERBEFESAENERSHA a; F1b;, T

1, i=j
a;-b; = 27w 8y, §oi =
i * Dy ij i {07 it
WFZ4RER.
agz X as vy
b =2n————— = —az xa
! a1~(a2><33) Q 2 3
az X ap 2T
by =2r————— = —az xa
2 32-(a3><31) Q 3 !
X 2
by = 27 a1 X a2 lal X az

a3~(a1 ><a2) - Q
Her, Q AESFEREKMEHR:

Q:al-(agxag):a2~(a3><a1):a3-(a1><a2)
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(25)

(26)

(27)

(28)

(29)




BERBEER

& B FIEETFHERSKEMHER
aj a1 a2 13 by b1 bi2
A= |az| = |a21 a2z a23], B= |ba| = |b21 b2
a3 az1 azz as3 b3 b31 b3z

RBEK(25), BNBEATUSEMTRR

A=2rx(B~HT

100 B=2nx(A"HT
=
0 0 1

A-BT =2¢ [o 1 0

b1s
b23:| (30)

b33

(31)

B FREREMMERTFEREREASEEEEERL 2r, RESENESSHEES.

& EMRFMERTFREEMER, RIEX(20)FTASBEMKITIIR
Q = det A; Q* =det B

B% BEZEWKXRA

Q-0% = (2n)3

e EmPRRATRER, s TRERERMN

(32)

(33)




BERBEER

& NEMHAIERERENESSEES:

bz x b 2
2 X B3 :ibszg,

—ogp_ P2XDb3
“ 7r1)1 - (b2 x b3) Q*

2
“ o (21) (az xa1) x (a1 xaz) <« ax(bxc)=(a-c)b—(a-b)c

Q* \ Q
)3
= g(]22§§* [(a3 X al) . ag]al — [(33 X a]_) . al]az
= O~ (34)

[FEIBAIE, c2 =a2. c3 = a3,
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//recp_latt_sqr.rex
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//recp_latt_hex.rex
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//recp_latt_cli.rex

— LB 5 R 5T

& HEiLA (FCC)

05 3
Afa% 0 %
1 1
5 3 0
-1 1 1
2
B=""11 -1 1
a
1 1 -1

w B (FCC) WEMEFREADLIIA (BCC), RZEDIFHIEFRE DI .



http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//recp_latt_fcc.rex
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HEMX (Brillouin Zone, BZ)

% —RFREIHRTFRY Wigner-Seitz R hE—# ERX (First Brillouin Zone, FBZ), XF
Wigner-Seitz JRIEERE, ESRZAIRIET.

BCC FBZ FCC FBZ

ERE: BCC ERRFHEIRETR FCC, Eik BCC EEMTH FBZ 2 FCC By Wigner-Seitz JRifl. Rz, FCC
F1&FH) FBZ 2 BCC iy Wigner-Seitz [Effl.
& ZHERFHE—HRERNK, URHEBNXPFHEINRE. SHREEGEARNSR:
# "High-throughput electronic band structure calculations: Challenges and tools”,
Computational Materials Science, 49, 299-312 (2010)
£ Atomic Simulation Environment, ASE
& SeeK-path: the k-path finder and visualizer
& Wiki: Brillouin Zone
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http://dx.doi.org/10.1016/j.commatsci.2010.05.010
http://dx.doi.org/10.1016/j.commatsci.2010.05.010
https://wiki.fysik.dtu.dk/ase/ase/dft/bztable.html
https://www.materialscloud.org/work/tools/seekpath
https://en.wikipedia.org/wiki/Brillouin_zone

FHENKRESNRA. &

P
Te
N5,
BCC Brillouin Zone FCC Brillouin Zone HEX Brillouin Zone

- LIMHHERFHHRERR A REMRA. & Foh, BOIHURARETE.

n Computational Materials Science, 49, 299-312 (2010)
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http://dx.doi.org/10.1016/j.commatsci.2010.05.010

g

X

& n NAERNRATUEX ARPBLENESHZFERFERT n— 1 NMEHEE (Bragg plane,
MRSERSHEETSE) HREARRE.

“Alternatively, the n-th Brillouin Zone can be defined as the set of points that can be reached from
the origin by crossing n — 1 Bragg planes, but no fewer.”

— Ashcroft/Mermin book, P.163
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# MNERAHE H—F&E k &, MRXFLS n(n > 0) MRAEE (APEERHL) B, WXk
AREBET n+ 1 HAEENK.

w n W RMXEEEM (primitive cell), E A EREER.
w EMHERXEMRXFES T MR
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//nth_bz.tex

B HERINX

& FER kBT » MEERR, HAREFE n— 11 G # 0 HFEUTRER:
k| < |k — G| (36)

AR, Lk AE (3F) O, B -1 MER G # 0 BEXMXANE (3k) A, Mk EF »
MAERK. IMTEMRR:

4Bz

, } 3r1BZ
| - B 2"IBz
/o o 7 1Bz
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http://staff.ustc.edu.cn/~zqj/assets/courseware/ssp/scripts//harrison_nth_bz.tex

HENKHR

® MENRMWIREES I SELEREK G, EENEE LT, IHFERNRBR LN E K 5R
BTG, &k

lk — Gr| = [k — Gy (37)

= k-k=(kaL)-(k7GL)=k-k72k-GL+GL-GL (38)
1

= k-G = 5G.i (39)

w K3 MATENXHREAIE.

k
>
/
T

E-G=|k|-cosf |G

Qe

_ = 2
— 51
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g RS Rm

% ALUERREIRR Griy = hbi + kbo + IbsEERE (hkl), BNGEE (hkl) BIEZFERERE
G FAT-
O Big&Em (hkl) R=E)RMHBEESHIZ
(z1, 2, z3), z; MRIVAEHE X
X X X
= (40)

T T2 xr3

Q TLMEM Gy R AB EH, B

. X X
G- AB = Gppy - | —ag — LA

k
= X(by-as —by -a;) =0 ﬂ’:%al @:%32 04(,":%aa
R, BItE%K Gy IR BC 1 CA BH, Hik e Lo oy Tz g ey @i g e
BIEER G EERE (hkD).
& WIBEEANXERRELZ ENRA:
Gh,kl  Guvw (41)

cos = ——————
|thl| X |G1ww|
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g RS Rm

& H—RE (hk) A—TEEEH2ECHEEN, RESSHSENTLE

1
(Azy, Az, Axs) = }(zl, T2, 23)

BARMENETVEEREEEA RN MEREZEEEE dy

G 1 G 2
Ayt = Azpag - B — g R =T )
|thl‘ h |thl‘ ‘thll
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g RS Rm

1F%1QIE7F§¥§9EE"J§EF$5‘J A, MERETRREERE B=2r(4"H7T, {21788 v= (b k1),
il

27

(43)

dpp = ——
YT

(a, ¢, h=1, k=1, 1=1):
a f np.sqri(/ix(hx*2 + hxk +k#xx2) +(afc)*x2 » Lax2)

(a, ¢, h=1, k=1, 1=1):
A = np.array([[a, o, o1, [-0.5%a, np.sqrt(3)/2#a, 91, [9, o, €]])
B = np.linalg.inv(A).T
hkl = np.array([h,k,1])
/np.linalg.norm( hkl @ B)

d_hkl_hex(a,e, h=1, k=1, 1=1), d_hkl_hex_mat(a,c, h=1, k=1, 1=1)
(0.48507125007266594, 0.4850712500726658)

d_hkl_hex(a,e, h=1, k=2, 1=2), d_hkl_hex_mat(a,c, h=1, k=2, 1=3)
(0.293821264124635605, 0.29382126412463505)

b E AR R 2024 ££2 26 B 68 /69
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3. (ERET1.5 : IEHEK T REG=h,b,+hb,+h b, T EH T F#H 8 HCN
(hy,h,,ho) I F THT &

4. —MDERREARE LT L Jva=4A, b=6A, c=8A, a=p=90" , vy
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