1 o — X X —_
ex—1+a+2! —- 3!+4! +5!+ ............ Odd function
Tx2 4 —x% — x*  x® —_x8 x10 :
e™x —1+§+4!+3! +4!+5'— ....... Even function
CoPx? o2x2  otxt  o6x6  oBy8 .
e X =1 — - - SR -+ " +.. Even function

f_oooof (x)dx = 0 For odd functi.on

2 x22 4 4
For example: — [—] A
ple: [~ x dx 2, =273 0

f_oooof (x)dx = 2 fooof (x)dx For even function
1

=2

1 4 N x_5
JZ,5x*dx =5 »

1 511
=2f05x4=2[5%0=2(1)5=2



00 (2n ! T
J, x*"e —ax® gy —re /aznﬂ ....... (5.12)

—ax> _ 2n-1)! T
Forexamplef e dx,n=0="r" |70

(2(0) ! T
20+1 a2(0)+1 -

f axden—2=>n—1
(2(1)-1)!
21+1 a2+1
_ (2(0)—1)!!
fo 0(x dx — — O 20+1 \/(OCZ);T(O)-HL (a, :OCZ)
_1 |=
T2 Al x2

fooo x* e Xy = n=4=n=2

(2(2)-1)! \/ T 3 |7

22+1 (x2)2(2)+1 — 8 +f 10




(00) _ 2
J, x® e dx =

2n=6=—=>n-=3

(2(3)—1)! T
23+1 (“2)2(3)+1

_5!! T _15 T
16 Al x4 T 16 || <14



Normalized condition of harmonic oscillator

[© by *dx =1 ........(5.14)

Solved problem: prove the wave function of the
harmonic Oscillator at the 15t excited state is
normalized.

Solve:

o2 52

Yn(x) Ny Hy(x x) e 2

1
0.8 (0.8 2

Nn:\/\/ﬁ;n! = N1 = VT 2! z(ﬁ)

H,(z) = (—1)" e?* L ¢z

dzn

2



_(_1\1 ,z%2 4 7
Hi(z) =(-1)" e €

Hi(z) = —e?*(=2Ze %) = 2Z
Hi(xx) =2 < x

2

o 1 Co2y2
2

l/)1=(ﬁ) 2XXxe

[ nndx =1

{;O:m(ii\/_)%Zocxe .(%)220cxe dx

2 —ox? _n X (® 2—ocx
e dmx7e dx = 2 f

e 2ng —ax? (271 1)” T
f dx on+1 (@)2n+1

2n=2=n=1

o) — (2(1) ! , T
f xze 2x* d 21+1 (o<2)2(1)+1




. . 403 1
- Total integration —= |~

VT 4 A x6
403 1 7'[_1
VT 4 AJx6

= The function is normalized
Solved problem: Prove Y, for Harmonic Oscillator is normalized.
solution:

—x2x2
Y, = /%(40(2962—2)3 2 =
JZ s P dx =1

—oc?x? o2 2
I A CESE S a2 s dx

% J, (16 oc* x* — 16 o x% + D)™ *" dx

i @ 4 .4 —x?x? _i oo 2 .2 —oc2x2 i 00 —x2x2
4ﬁf0(16oc xHe dx 4ﬁf0(16oc x?)e dx+4ﬁf0 4e dx

4> 3 | m 403 1 7'[+oc1 T4
VT 8 4 x10 VT 4 A]x® T 2 AJxZ

=~ 1, is normalized



e The orthogonal OF harmonic oscillator

f_oooo I/}de Il)even dx =0.... (515)
ffooo Yy, Y, dx = 0 The orthogonal condition

Solved problem:
Prove i, and Y, for Harmonic Oscillator are orthogonal.

solution:
1 242
Yo = (E)Z e 2z
1 , —o2x2
Ve (81\/_)_«2% “ l_ Ve 22
[ (%)2 ez (&)2 (4 «? x% — Z)eTxdx

2\72_n [7(4 «? x2 = 2)e~***" dx
0 2.2 o« 00 2.2
Jy (4o x?e OC")dx—\/T_ﬂfo 2" dx

1 20(1
4 o<6

> T = zero = ¢0 and 1, are orthogonal

=
F

- j|g



* Problems:

- Prove Y, and Y5 for Harmonic Oscillator are
orthogonal.

- Prove Y5 is normalized.
- Prove Y, and Y, are orthogonal.
- Prove Y, is normalized.

- Prove Y4 and Y- are orthogonal.



Example : compare between Y and = for
Harmonic Oscillator

Solution:

9 11
E,, = = Aw less than s Es = = hw greater than 1,

= o4
Nn = |35,/ 8reaterthan i N = /3840\/5 less than i,

Means the probability density of iy, is greater

The stability of Y5 is less than 1,
than Y5 more stable




 Example:: Make a comparison between the
results of guantum mechanics and classical
mechanics for the harmonic Oscillator

Results of Q.M

1. TheenergyE = %msz2 The energy E = (n + %) Aw
2. The minimum energy E; = zero The min energy E, = % Aw

SR e g Lo an (T (e T B 0 R TG BT 8 @ May be found in the forbidden classical
greater than A zone

UG T R ERR T ERTE LT V@SR momentum Pg,, has maximum value at
can be take high value at |[x| = A x = 0 and min value at |[x| = A



pcC forbider
classical
zone

S

Figure(5.2) classical and quantum zones



