C9930, 3. cviceni, 18. 3. 2020

Variacni metoda — procvicovani

Literatura: John P. Lowe, Quantum Chemistry

e 7-8.A Problems / 7-2 (povinné ke splnéni seminare)
e 7-2 Nonlinear Variation: The Hydrogen Atom
(povinné ke splnéni seminare)

e 7-8.A Problems/ 7-5

(dobrovolné k ziskani bonusovych bodu ke zkousce)



VyreSené ulohy mi prosim zasilejte emailem, formou
naskenovanych nebo vyfotografovanych rucné psanych
reseni v CJ nebo SJ.

Pocitam s dotazy pri problémech s resenim.
Prosim o trpélivost, pokud jde o termin mé odpoveédi.

Terminy z Vasi strany:

* Vzdy 1 tyden od mého emailu oznamuijiciho, ze na ISu bylo zverejnéno video.

 Vterminu, prosim, zaslete reseni bud kompletni, nebo ¢astecné s dotazy
ohledné nejasnosti. Pokud budete mit dotazy, prodluzuje se Vam termin
dopocitani na 1 tyden od chvile, kdy Vam odpovim.




7-8.A Problems / 7-2 (povinné ke splnéni seminare)

Consider a particle in a box with a biased potential that is higher at x = L than
at x = 0. An approximate solution for the ground state could be ¢ = /0.9 +

Vv 0.1, where 1 and Y5 are the first and second eigenfunctions for the unbiased
box. (a) Make a rough sketch of ¢, showing how it skews the particle distribution.
(b) What 1s the average Kinetic energy for ¢, in terms of 4, m, and L?




7-2 Nonlinear Variation: The Hydrogen Atom

(povinneé ke splnéni seminare)

We have already seen (Chapter 4) that the lowest-energy eigenfunction for the hydrogen
atom 1s (in atomic units)

1
Vs = (f) exp(—r) (7-6)

Suppose we did not know this and used the variation method to optimize the normalized
trial function

(7-7)

In this example, when ¢ = 1. ¢ becomes 1dentical to 1. but in more complicated sys-
tems the trial function never becomes identical to an eigenfunction of the hamiltonian.
Nevertheless, this 1s a good example to start with since there are few mathematical
complexities to obscure the philosophy of the approach.




Konkrétni ukoly k Problems/ 7-2

____Ji' _—— —

* Plsobte opratorem 22 dr dr

na zkusebni vinovou funkci - uvedte cely postup vypoctu.

 Pomoci ziskaného vysledku urcete hodnotu zkusebni
energie. Nezapomernte, ze pri integraci podle r ve
sférickych souradnicich je Jakobian roven r?sin6, pricemz

z n&j uvaZujete pouze r2.
e Ziskanou zkusebni energii pak derivujte podle

parametru ( (,,zeta”) a urcete, kdy je tato drivace
rovna nule.

e Zpétnym dosazenim { urcete hodnotu zkusebni
energie.



7-8.A Problems / 7-5

(dobrovolné k ziskdni bonusovych bodu ke zkousce)

Let ¢ =exp(—ar©) be a trial function (not normalized) for the ground state ol
the hydrogen atom. Use the variation method to determine the minimum energy

attainable from this form by variation of «. Find the average value of » and the
most probable value of » for this wavefunction. Compare these » values and the
average energy with the exact values.







C9930, 4. prednaska, 18. 3. 2020

Rozsirena Huckelova metoda - uvod

Literatura: John P. Lowe, Quantum Chemistry

Kapitola 10



Section 10-1 The Extended Hiickel Method

TABLE 10-1 » Cartesian Coordinates (in Angstroms) for Atoms of
Methane Oriented as Shown in Fig. 10-]

Atom X v z

0.0 0.0 0.0

0.0 0.0 .1

1.03709 0.0 —0.366667
—0.518545 0.898146 —0.366667
—0.518545 —0.898146 —0.366667

Figure 10-1 » Orientation of methane in a Cariesian axis system.
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TABLE 10-2 » Basis AOs for Methane

Chapter 10 The Extended Hlckel Method

AO no, Atom Type

III'|..'

exp

C 25
2p:
2P
2py
s
s
s
s

0

0
0
0
0

1.625
1.625
1.625
1.625
1.200
1.200
1.200
1.200

“n, I, m are the guantum numbers described in Chapter 4.
*2py and 2py, are formed from linear combinations of m =+1 and m =—1 5TOs, and
neither of these AOs can be associated with a particular value of m.




TABLE 10-3 » Overlap Matrix for STOs of Table 10-2

I 2

3

4

6

7

8

0.0
|.0000
0.0
0.0
0.4855
—0.1618
—0.1618
—0.1618

0.0
0.0
1.0000
0.0
0.0
0.4577

—0.2289
—0.2289 —0.3964

0.0
0.0
0.0
1.0000
0.0
0.0
0.3964

0.5133
0.4855
0.0

0.0

1.0000
0.1805
0.1805
0.1805

0.5133

—0.1618

0.4577
0.0

0.1805
1.0000
0.1805
0.1805

0.5133

—0.1618
—(.2289

0.3964
0.1805
0.1805

1.0000
0.1805

0.5133

—0.1618
—0.2289
—0.3964

0.1805
0.1805
0.1805
1.000




