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' | Lecture materials for numerical analyses (by Kamiya)
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Update News:

o June 19, 08:10, 2026: Lecture materials for June 19 has been updated: course_materials.zip

|  June 16, 15138, 20261 Loctur ideos v s oyt triat et We would wait for five minuities (i.e., till 8:55).
o June 16, 15:38, 2026: Final version: Lecture materials for June 16 has been updated: course_materi: =
FV2026 In meantime |
- download the latest lecture materials

#03 June 19, 2026: Differential equation (1855 #xzt), Interpolation (##E . .

method (1878 —F2) (updated this morning)

Course materials (Lecture slides and python programs): - hear the Short aUdiO glJide

o course_materials.zip English and Japanese versions available
5-8min audio guide:

o gxm » 000/516 © i (VOICEVOX MES AT ATEHA)

O English: P 0:00/427 0 i

#02 June 16, 2026: Numerical differentiation (#1&#%"), Numerical integration(#{&#& %), Differenti.
)
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Class Schedule

Lecture materials (Kamiya’s part): http://d2mate.mdxes.iir.isct.ac.jp/D2MatE/?page=cms
BE 6AL0A(CK)~7A28A(K), TH30B(K) AEDIEE 7A23A(K) #AKRHAE-#E 78298 (K), 7TA31H(£)~8A6A(K)
#01 June 12 (Fri)  Kamiya (Fundamentals of computer, Sources of error (A E 1 —2MEHE, 382), Numerical differentiation (UE# )

#02 June 16 (Tue) Kamiya (Numerical differentiation ($%{E#%>), Numerical integration ($t{E#&%3), Differential equation (#%>/552=X))
#03 June 19 (Fri) Kamiya (Differential equation (#5373 %&3X), Molecular dynamics (5 F &1 15%),
Interpolation (##f&), Smoothing ((Fi&1t), Linear least-squares method ($ffs&mx/N—F&i%))
#04 June 23 (Tue) Kamiya (Linear least-squares method (#R7 /N = %&;%), Optimization (F#1t),
Numerical solutions of equations (72 D HUEHRE %),
Nonlinear optimization (FE#& 2 & E L))
#05 June 26 (Fri)  Kamiya (Nonlinear optimization (JE#E 2 &xE1k),
Fourier transformation (7—"') TZ #)
#06 June 30 (Tue) Kamiya, Matrix (1T31)
#07 July 3 (Fri) Kamiya, Review (8%



Explanation of the answers
REREORH



PROBLEM, June 16

* Answer in English or Japanese
» Submit electronic file(s) via LMS until June 17

(If LMS doesn’t work, send the files to kamiya.t.aa@m.titech.ac.jp.
In this case, file name must include your STUDENT ID and FULL NAME)

PROBLEM:

(i) Calculate dE(k)/dk, d°E(k)/dk?, and effective mass m,/m,
from E(K) in band.xlIsx, and plot m_"/m, vs k.
Assume the lattice parameter is a =4.0 A.

(i) Compare the results obtained by different h.

Optional: Any questions and impressions of the lecture style are welcome



Effective mass

LCAO band
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Calculation of effective mass from E(k)

k represents fractional coordinate in reciprocal unit cell: generally expressed in the range [-Y2
5]

Unit conversion k.., = (2n/a)k, E(K) Is In eV

_1 —
e 2 <azEn(k)) _ (2_n)2 <azEn(k) e) 1
0kyogy” a 0k?2

Very often effective mass is given by a ratio to the electron rest mass m.'.

02E,(K)\ 2\’ (92E, (k) \
* 0 — 52 n 0 _ 52 n 0
m*/m, (akrea12> /m, h ( a> ( 312 e> /m,

Numerical differentiation: 3-point formula
df (xi) _ fxith)—f(xi—h)
dx B 2At
d*f(xi)  _ fith)=2f(x)+f(xi—h)
dx? N h2

Check convergence by decreasing h



Answer: How to present?
band-answer.xIsx

*
Full range Electron only (m™ > 0) Electron and holes
Too heavy states are not
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Negative effective mass

Semiclassical equation of motion for an electron in a band E(k):

: _ dk L d?r
Acceleration theorem: F = A—=m"—
dt dt?
by = 1 dE (k) a — dv _ 1d°E(k)dk _ F d*E(k) _ F 1 1 d?E(k)
 h dk dt h dk? dt h? dk? < m* m*  h2 dk?
For electron under an(electric field €: F = —|ele
q=—e| e— €
m* >0 a
: : _ < AT o AT
Negative effective mass: —|e|le = —|m |ﬁ => +|ele = |m |F
< &<
=—|e| a<—@
m* <0

q=+lel a<—@ Regarded as a hole with positive charge |e|
—-m >0



Accuracy and convergence check

band-answer.xlsx

0.14
03T h m*/me
o 1 0.119310839
= _ 2 0.120049846
=012 ; : 4 0.123061372
: Converged?  Fossible 6 0.128284879
_ convergence error 3 0 136053307
_ m*/m, = 0.11930.007
o1 L .
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Python program (¥k$%)

python EffectiveMass.py
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Python program ($&#%)

EffectiveMass.py

#EBOEHITEICGHE
km = hbar * hbar * (pi2 / a)**2.0

HE D DFEEZ LLE T 5728, h = nskip*dk IZF5

nskip =1
xk =1]
yme =[]

HHSOELZHRET S0, FEEHRZRAE

signprev = None
for i in range(nskip, nk - nskip, nskip):
#HBEM D TR

d2Edk2c = (E[i+nskip] + E[i-nskip] - 2 * E[i]) * e / pow(nskip *

dk, 2.0)

HEMD X EQIZEAIENHID T, TT (XUM*%E

minv = d2Edk2c / km
print(i, E[i-1], E[i], E[i+1], minv)

#1m*HBUmekYIEF IS FIE, m*FFHELAGL
if abs(minv) <= 1.0e20: # << 1.0/me ~ 1e30

HFENREET DIERTTS7DRETMRT HLE(E
#NoneT—4A%BMNT %,

if signprev is None:
#signprevh® #HA{E None THEBE X FEDRANDELXEKA

signprev =m

#NoneT—A%EMNT 3,

if cutline:
xk.append(k[i])
ymc.append(None)

BN RET SBN T SODREVIMT 5L

IRELI- M aiix
signprev = -signprev
continue

else:
m = km / d2Edk2c

elif signprev * m < 0.0:
if cutline:
xk.append(k[i])

ymc.append(None)
#IXERLTZ f
signprev =m

xk.append(k[i])
ymc.append(m / me)

plt.plot(xk, ymc, linewidth = 0.5, marker ="'0', markersize = 1.0,
label = 'nskip = 1')

plt.xlabel(klabel)

plt.ylabel("m$_e$ / m$_e 0$")

plt.xlim([-0.5, 0.5])
# pltylim([-0.5, 0.5])

plt.tight_layout()

plt.pause(0.1)
print("Press ENTER to exit>>", end = ")

input()

if _name__ =="_main_"
main()



PROBLEM, June 19

« Answer in English or Japanese

« Submit electronic file(s) via LMS until the midnight of June 21

(If LMS doesn’t work, send the files to kamiya.t.aa@m.titech.ac.jp.
In this case, file name must include your STUDENT ID and FULL NAME)

« Common formats (.pdf, .txt., .docx, .xlsx, .pptx) are acceptable,
but NO APPLE-ONLY files

PROBLEM:

(i) By filling the dx/dt and the x(t) columns in diffeq.xlsx,
solve dx(t) / dt = —x(t)sin(zt) using the Euler method.

Conditions:
t starts from 0 and ends at 3.0 with the time step of 0.1.
x(0)=1.0

Optional: Any questions and impressions of the lecture style are welcome
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