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Harmonic Oscillator part3: Lets solve:
[éi+é+é_+é_é++52_} [1+2+1+0+...} = (ail+éiz+ail+é+o)+
+(348-1+8,2.2+5,3.1+3,8.0)+(3-3,1+3.3,2+3 3,1+3.2,0)
+(s21+222+ 221+ 320) =
= (f63 +\/ﬁ4+\f63+\f22) + (1 V42 + 1 +0+)+

+(\/11 +\/§2+\/11+0) + (0+f20+0+0) =

= 2/63 +V124 + (V2 +V4 +V9)2 + (/4 + 2)1 + (1 +V2)0
=2/63 +2/34 + (V2 +5)2 + 61 + (1 +v2)0



Finally our equation is:

% [1+2+1+o+...] [2\/63+2\/§4+(\/§+5)2+61+(1+\/§)0] =

[N

:%%[(6114—(\/_—1—5)22—1—611—1—( +V2)00] =

_ %%[18+2(\/§)} = 6%[‘” (f2)]
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Now, lets find oy:
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We found that | p = 4 ay — é_} lets use it:

<KX >= /W*)?\de =YXV =

:é[1+2+1+0+...}' m?wh[a—é_} [1+2+1+0+...] =

1 h
= i /m?” [1+2+1+0+...} [§+1+§+2+é+1+§+0—é_1—3_2—5_1—3_(



using the relation |3.n =v/n+ 1n+1|and|3_n=y/nn— 1}

= %:\'/m?m[1+2+1+0} M2+\/§3+\/§2+1—0—\/§1—0—0} -

%,,- /'"T“h [2(1 —v2)11 +2/222 - 200| = 0



Find < p? > First lets find what is p?:
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Now we can write:

<p?>= /W*f)2de = VKAV =

1 mwh

= 1424140+ H —§+§_—§_é++§2_] [1+2+1+0+...

6 2
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Lets solve:

(82 -8,3 3 3, +22| [1+2+140+.. | = (B1+a22+3214220) -

+(§2_1 +3%224 321+ 2;2_0) —

= (%3+\/ﬁ4+f63+f22) - (1+\/712+1+0+)—

—<\/Z1+x/§2+x/11+0) + (0+f20+0+0) =

= 2/63 +v124 + (/2 V4 —V9)2 + (=2 — 2/4)1 + (-1 +V2)0 =
=2/63+2/34 4+ (V2 —5)2 — 61(/2 — 1)0



Finally our equation is:

1 mwh

= [1+2+1+0+...] [2\@3+2ﬁ4+(f2—5)2—61+(f2—1)0] =

m(—18 + Z/E)wh
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_ _6’"?‘" |—611+(/2-5)22-611+(/2-1)00 = -
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lets find o

(9 —V2)mwh

op=V<P2>—<p>2= c

Lets check the uncertainty principle o0, > g
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