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Figure 2: The wave function spreads out of time. Thus, the range of probability
locations increases.

Thus, we see that the uncertainty in position at any later time is inversely proportional to
the initial position. The better we know it now, the worse we will know it later. Hopefully
this principle does not apply to your knowledge of quantum mechanics.
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The more accurately you know the position (i.e., the smaller Ax is),
the less accurately you know the momentum (i.e., the larger Ap is);
and vice versa



% $ & A T
& | \IJ(’I“, t) _ %eil}?—iwt

! " 5 6 3

0¥ (r,t) = const - (02 + (95 + 02U (7, t)

h
E = hv = hw % P = N hk
W E 2/2m h
const = —— = —ih— — —zh P/ = ——
k2 p? p? 2m
5

2

thoy U (1) = QH—(Q% + (95 + 03U (r,t)

m



1 8 6 # $

h
56 0
- 2T
ih0y U (F) = = —(0; + 0 + O2) W (7", 1) + V(7 ¥ (F, 1)
01 $ & | !
| * 6 6
$
$ !
$ 7 &1 <7 $&'!
iho, U (7, t) = HU(F,t)
H = _® (0% + 02 + 02)+V (¥)
2m Y =
A
J& $&!
NI
7 $&! 6 & | H=-—+V(x)



@%i/fMWWWx:/ﬁ%M
Pz = —1h0y

() = / 4 (7)o ()
~9)

ag-2 vy
2m

iho, U = O

T

") W

T

)



| 8

$/

$ +(

& 0O



# $

2

10,V (F) = —;—m(ag + 02+ 02)U(r,t) + V(7)¥(r,t)

$ 5 ' 6 5
* K$

* K$

6 ** K$



W (
% ((&
B. (, (
e ( (L

$!

F@ /) $'

H

$!

FM M( /)

$,



F@ /i) 8 ' H $  FMM(/) $. |

h=6.62x10"3Js v=3x10°= m=09.11x10"3"kg
S

B 6.62 x 1034
- 0.11 x 10731 x 3 x 106

m=2422 x 10 1%m =242 x 10 ¥ m = 242 pm



3

" P 6!8

iho U (7, t) = HU(F, t)
8 o!l! & '""FKO

V() = e (7

7 & ! <

Hy(7) = hwip(

J

=

) = Ev(r)

*A.



/[C * * |

I pe) + Vi) = Eu) () = |2 sin (V)

2m L
V(z)=0,ha 0 <z < L; V(x) = ocoegyebkent
Ef * 1 16 &

!

* |1

Q !

n=3 h2m?
E, = ’
omL?
0 L X $2 &

$9 6 !
$4 ***QC!!** 6



ICQC * * |

2

—— (02 + 0, + 02)y(7) + V(P (7) = Ey(7)

2m

# $8 4 68 * ! <& !

Vi (T) = 4/ % sin (Tg:x) sin (%y) sin (fn;

Y

$4 ***QC!!** 6

Jyd o 1?2 ‘IC
7 Jg

J'J 10 12 ! '(C

8 H P

9 I &



c»* |

) 5
& & Lo

o)

%. /)
B. /))))
el /+)



# |

")) & 21?2 I* L
L& * J I**1 G$ ' 6 8:
< F@/I) ¥/ ' H $ FM M( /) S
| GFIM)(/) %@,
22 n2  n?: p2
Engngn. = v (L‘; + Lg + L;) My Myym. = 1,2,3, ...
’ ’ ) hQﬂ.Q

L, = Ly =L.,=1L Enm,ny,n: = 9 L2 (n?c + ni + ‘RE,)

3h2 72 32>
_ 2 — F = F —
Bria= 2m L2 >t bl b2 mL?
. A
ph = £2.1.1 111 =573 = g 773
3 % (6.62 x 10-34)* J2s?
Epn ( ) S 451 x 1018y

8% 9.11 x 1031 x (200 x 10-12)? kg m?

4.51 x 1018

ph = T = 019 eV = 28.15eV




# |

6!l &

| *

?217?

))&

deg.

?,—1:2

n

11
12
14
17
18

%

)/



# |

58 00() 219 ik
$71 G ! 6
5271_2 ?’?,2 T?,Q
E’n Ny Nz — = 2 = -
xaTly Tl 2?’?’?, (LE —I_ Lg —|_ Lg) nmany:nz 172533

h?2 nZ+n2  p2 h?2 200 *
B, . . = z T Tty 2y _ 2 2y (WY 2
emyne = g (T 1) T gz | (e ) ( 3 ) M

h2 3 x (6.62 x 10-34)°
Ei112—F111= ;(4-1)= ( ) sJ =451 x 107 J
8m.LzZ 8 X 9.11 x 1031 x (200 x 10-9)
4.51 x 10~24
=~ 16 <1019 eV = 0.28 peV



/!

# |

58 00() 217
6!l & 3
6! & |6 0 1?2 6
2
Fiin = SmL2 (8888 + n?)

h? h?
Foq1 = L2 (5 x 4444 + 1) = 8mL§22221

8888 +n? > 22221 — n. > 116

| %%



# | <RY.

/ 217 ?
1 g o< & & I G 16 -
)$ % ' $ w#
$#
hQ
Ng My, Mz {12 (ni—l—ni—l—ng) My, My, Ny = 1?2?3,...
L =1nm
352 3 % (6.62 x 10734)” "
Ein = 5 = 5J =1.8x 107" J
8mL® 8% 9.11 x 10731 x (10-9)
1.8 x 1071
= eV =1.1250eV

1.6 x 1019



/

)%

# | <RY.
217 ? x|
16 6 <!
hQ 2 2 2
Mg My, Mz — 8mL2 (nm —l_ ny —l_ nz) Ny, nya
L = 1nm
i 612 6 x (6.62 x 1034)”
211 — —
8mL? 8 x9.11 x 1031 x (10-9)
3.6 x 10~1?
_ 16,<Hy496V::2256V
% 1

$#

o 167.

n, =1,2,3,...

J=36x10"1J

$ w#



! **
R o 2 2\, )y (7 e’ 1
_%(81, + 0, + 07)(7) — Treg |71

S| =






n=1 =l m=0 7 N t[)lm:%(%) g
” FAN ¢ - i 'P
n=2 =0 o [ .. [l T (E) (2-pe 2
/,—”’_ 2 x;:)"‘\\ v 327 \ @
¢ i Yo \\ N
oo y 1 VA
e=1 m=0 N 1% Yo = (—) pe?/2 cos(6)
- . 327 \ Qo
3
= = 1 (Z\2 : -
=t m== Y1 = e (a) pe P/? sin(6)e* @
n=3 =9 m=10 Y300 = E) (27 — 18p + 2p%)eP/3
81\/311' ap
3
C=l m=0 1 /2(Z\2 o/3
Y310 = TR (ao) p*)e?/3 cos(6)
— — 1 Z % 2\ ,—7/3 o3 +1i¢
£=1 m = %1 Y141 = W - (6p — p°)e "/® sin(f)e™
o
=2 m =10 Paop = 2 (E) * ple ?/3(3cos?(6) — 1)
= Biv/ex\ao) °
{=2 m==xl1 Y2+ = 1 E F2—10.“'3- 9 g)et @
9041 = 817 \ ao pe sin(f) cos(f)e
= m = 2 e [ ? pPe P 3sin? (g)e* 0
2i2_162ﬁ o p°e P”sin“(0)e
'II# $ %

&I (& "( % ) v R



1s 2s 3s 1s 2s
(a) Electron probability (b) Contour probability

25

3s

Electron probability (W2r?)

Distance from nucleus (r)
(c) Radial probability

" 4 $ %
&1 (& M"( % 1) + - o






33333
664 0360 00 60

-
v
000 OGE mm. mﬂ

® C @ C s ele
G @ C @ &S o

ot T 3 T W}

o .“. Q 2- B,.@Q

. QA.._A_.!.@W

$38382

7 - v <
= 3 ~ - v & "~

The Orbitron gallery of atomic orbitals

01

/




6 % ! l |
!
?12
=0y
ap = —— = 5,2917721067(12) x 10~ m
mwme



/)

* N$

& & 16 :
4
5 me~ 1
Ly =—2 21,2 2
8eshs n
W—/
13.6eV



%

7$
6!l &

/!




68

Classical prediction

/@ # $9
' |

Experimental result

%

2

9

<9 $# &5 6.

m!‘wm ‘-"Aﬁ MW(«-{ Utszones ﬂ,’d‘

oite, /16 sz ?uuy-uumm k,.,.{.,.,, ¢

4[1:4,




G 6I* # $9 5 * & 6

35 6

TU
TV
T™W

TQ

1@,, ;* $56# '9

8 3



S
& A

@ # $9

5




+ 0 111/2134 5%




+ 0 111/2134 o
Experiment 1 > ,;

|
The top illustration shows that when a second, identical, S-G L
apparatus is placed at the exit of the first apparatus, only z+ is seen
in the output of the second apparatus. This result is expected since
all neutrons at this point are expected to have z+ spin, as only the =~ Exp. 1 - Notice that no z- neutrons

z+ beam from the first apparatus entered the second apparatus.[1%] are detected at the second S-G
analvzer

Experiment 2

The middle system shows what happens when a different S-G
apparatus is placed at the exit of the z+ beam resulting of the first
apparatus, the second apparatus measuring the deflection of the
beams on the x axis instead of the z axis. The second apparatus
produces x+ and x- outputs. Now classically we would expect to

EXp. 2 - The z-spin is known, now
measuring the x-spin.

have one beam with the x characteristic oriented + and the z characteristic oriented +, and another with the
x characteristic oriented - and the z characteristic oriented +.[1%]

Experiment 3

The bottom system contradicts that expectation. The output of the
third apparatus which measures the deflection on the z axis again
shows an output of z- as well as z+. Given that the input to the
second S-G apparatus consisted only of z+, it can be inferred that a
S-G apparatus must be altering the states of the particles that pass ~ EXP- 3 - Neutrons thought to have
through it. This experiment can be interpreted to exhibit the N Z+ Spin are measured again,
uncertainty principle: since the angular momentum cannot be  [Nding that the z-spin has been
measured on two perpendicular directions at the same time, the Foser.

measurement of the angular momentum on the x direction destroys

the previous determination of the angular momentum in the z

direction. That's why the third apparatus measures renewed z+ and z- beams like the x measurement really
made a clean slate of the z+ output.w
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