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As of April 3, 2014

Links to the current Harter-Soft I.earnlt web apps for Physics

Bold links have default redirect pages. Italics are not yet meant for production.Red: the final stages of testing.

List of production Harter-Soft Web Apps & Textbooks (For public)

Classical Mechanics with a Bang! - URL is "http://www.uark .edu/ua/modphys/markup/CMwBangWeb.html"
Quantum Theory for the Computer Age - URL is "http://www.uark .edu/ua/modphys/markup/QTCAWeb.htm]"
Learnlt Web Applications - URL is "http://www.uark.edu/ua/modphys/markup/LearnltWeb.htm]"

Individual web-apps for current classes:

Bohrlt - Production; URL is "http://www.uark .edu/ua/modphys/markup/BohrltWeb.html"

Bouncelt - Production; URL is "http://www.uark .edu/ua/modphys/markup/BounceltWeb.htm]"

BoxIt - Production; URL is "http://www.uark.edu/ua/modphys/markup/BoxItWeb.html"

Coullt - Production; URL is "http://www.uark.edu/ua/modphys/markup/CoulltWeb.html"
Cycloidulum - Production; URL is "http://www.uark .edu/ua/modphys/markup/CycloidulumWeb.htm]I"
Jerklt - Production; URL is "http://www.uark .edu/ua/modphys/markup/JerkltWeb.html"

MolVibes - Production; URL is "http://www.uark .edu/ua/modphys/markup/Mol VibesWeb.html"
Pendulum - Production; URL is "http://www.uark .edu/ua/modphys/markup/PendulumWeb.html"
Quantlt - Production; URL is "http://www.uark.edu/ua/modphys/markup/QuantitWeb.html"

The old relativity website (2005):
Relativity - Pirelli Entrant - Production; URL is "http://www.uark.edu/ua/pirelli" or "http://www.uark.edu/ua/pirelli/html/default.htm]"

Newer relativity web-apps currently being developed (2013-)
Relativlt Production; URL is "http://www.uark .edu/ua/modphys/markup/RelativitWeb.html|"
RelaWavity Production; URL is "http://www.uark.edu/ua/modphys/markup/RelaWavity Web.html"

Additional classical wep-apps:
Trebuchet Production; URL is "http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html"
Wavelt Production; URL is "http://www.uark.edu/ua/modphys/markup/WaveltWeb.html"

Link to master list of all Harter-Soft Web Apps & Textbooks (Prod, Testing, & Developement)

http://www.uark.edu/ua/modphys/testing/markup/Harter-SoftWebApps.html
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Applications of R(3) rotation and U(2) representations
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Applications of R(3) rotation and U(2) representations

lensor (j=(=2) representation
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Applications of R(3) rotation and U(2) representations
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Applications of R(3) rotation and U(2) representations

lensor (j=(=2) representation
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Review :

Applications of R(3) rotation and U(2) representations
Molecular and nuclear wavefunctions
Molecular and nuclear eigenlevels
Example of CO: rovibration (v=0)<(v=1)bands
Generalized Stern-Gerlach and transformation matrices
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Applications of R(3) rotation and U(2) representations

Molecular and nuclear wavefunctions

For SU(2) and R(3), sum over rotations is an integral over Euler angles (o).
For integral-j=0, 1, 2,.. the R(3) integral over polar angle 3 ranges from 0 to .

2]+1

forR(3):%jjd(ocﬁy) jdajdﬁsmﬁjdy 2j+1=1

For integral-j=1/2, 3/2,.. the U(2) 1ntegra1 over polar angle B ranges from -7t to 7.

forSU(Z):%de(aﬁy) 2~’+1jdajdﬁsmﬁjdy =2j+1=/0

Eigenstates of angular momentum are built from projected initial position states [000).
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From QTCA Lecture 15 p.91

“Give me a place to stand...
and I will move the Earth”
Archimedes 287-212 B.C.E

IdeaS Of dualltY/ I‘elathlty gO Way baCk (...VanVleck, Casimir..., Mach, Newton, Archimedes...)

Lab-fixed (Extrinsic-Global)R,S...vs. Body-fixed (Intrinsic-Local)RS.,.

Lab Based Operations z-Crank docs Body Based Operations
—4 operations l l R S
= R(a00) or R(00Y) d Ty

commute with

| / “Mock-Mach”
| relativity principles

C e
' y-Crank docs S 1>:=S'1 1)

S, S R(0OB0)

Z-Crank does
operations

: R(-000) or R(00-y)

...for one state |1) only!

Figure from Ch. 5 of PSDS (Originally in Rev. Mod. Phys. 50, 1, p. 37-83 (1978) Fig. 2)
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Applications of R(3) rotation and U(2) representations Molecular and nuclear eigenlevels 7
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Applications of R(3) rotation and U(2) representations

Molecular and nuclear eigenlevels
Eigensolution equations:
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Example of CO: rotational (v=0)<(v=1)bands
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Example of CO: rotational (v=0)<(v=1)bands
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A sketch of modern
molecular spectroscopy =~

-~ = "

=
()/% it
(¢ . -
From Fig.6.5.5.
{1 Principles of Symmetry, Dynamics, and
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W. G. Harter, Wiley Interscience, NY (1993)
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(a) CF4 Vibrational Structure

Exampl.e of frequency e
hierarchy v2:4350 e
v4:631.2 cm™!
for 16pm spectra '
of CF, i
(Freon-14) - i
W.G .Harter (b) »4 Rotational \ ke LE
Ch. 31 Structure \\
Atomic, Molecular, & \\
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Gordon Drake Editor \
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a) CF, vibrational structure

Example of frequency
hierarchy
for 16pm spectra
of CF4

(Freon-14)
W.G .Harter

v, =435.0cm™
ve=631.2¢cm™

=908.5 cm™

vy=1283.0cm™

b) v rotational structure

Fig.32.7
Springer Handbook of
Atomic, Molecular, &

Optical Physics
Gordon Drake Editor
(2005)

€) P(54) fine (centrifugal)

structure Qe ";;::ﬁ: &

Faster 2-fold' 080 ¥V 57O\ v Faster
4-fold tumbling Amte CGOOT 3-fold
rotation B / rotation

P(54)
d) Superfine ( “Tumblms“) 6033 6034 603.5 603, o . Dot
structure 120 MHZ W .
"|2."?.’.‘.'.t'Z ( 17 s 00T MIe e
vl Fs I REIRH &= B 35
’ 77”{, 9 }0{ | A |FE y - ' J_L‘; lfllEIF: L
(Sooeety frrety. e e F ~L s R WA A REA
35mHz 97mHz 94Hz 110Hz fl" |A* bl 7T L
E F; As Fs F| AF\E F> F, Py
e) Hypcrﬁnc (nuclear spm) structure ' H :
rllllll 111 ................ ‘ \ 111 _1 | 111 hlll .
~1-100kHz o Qe (210 (1) ) )
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Generalized Stern-Gerlach and transformation matrices é
Angular momentum cones and high J properties
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Applications of R(3) rotation and U(2) representations

Generalized Stern-Gerlach and transformation matrices
Polarization analysis Suppose a spin-j state R(080) |/~%,,=,) exits an analyzer rotated by 3

*
ROBO)| 1) S
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Applications of R(3) rotation and U(2) representations
Generalized Stern-Gerlach and transformation matrices
Polarization analysis Suppose a spin-j state R(080) |/~%,,=,) exits an analyzer rotated by 3

and then enters a vertical (3=0) analyzer and forced to choose from unrotated states |/ ~~,,)
: J : : : 2
R(0O) 7)== |3 )([R(0BO)|) MG YA
m'==]

2
o 11(0B0) 1>&
= 3 |4.)04,,(050) )1 (0B0)] o)==

10Bo)l1) o

B YAN

*
ROBO)| 1) S

OTforCA Unit 8. Ch. 23 Fig. 23.2.1

Thursday, April 10, 2014

24



Applications of R(3) rotation and U(2) representations
Generalized Stern-Gerlach and transformation matrices
Polarization analysis Suppose a spin-j state R(080) |/~%,,=,) exits an analyzer rotated by 3

and then enters a vertical (3=0) analyzer and forced to choose from unrotated states |~,,)

2 2
21 (0B0) 2>l
1100 ) SZ_

ROBO[4)= £ |43 R(0p0) 1) 01 (00N o) =

m'=—j 2
. 0B ) ox
= £ |2.)01,(050) 3 opolr A

[ J=2 m=1

I m'=2
Overlap of state R(a3y) |?;) with unrotated ["~2,,/) < > Bt

is the corresponding D-matrix element.

(2| R(aBy)|7) =872y (eBy) = (11]})

*
ROB| 1)

2 m'=1 m=1

| B
i .

OTforCA Unit 8. Ch. 23 Fig. 23.2.1
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Overlap of state R(a,37) |°;) with unrotated |"=2,,)
is the corresponding D-matrix element.

(2| R(aBy)|})=087"D (aBy) = (1|}

R

OTforCA Unit 8. Ch. 23 Fig. 23.2.5

Thursday, April 10, 2014
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e—iza(HCzOSﬁ] e—iza[lﬂizosﬁjsinﬁ \Ee—iza in? B e—iza(HCZOSﬁjSinﬁ e—iza[l—czosﬁj
e‘””[chosﬂjsinﬂ e‘ia(1+czosﬁ](2cosﬁ—l) - %e‘iasinﬁcosﬁ e‘ia[l_czosﬁ](Zcosﬁ+l) —e_[a(l_czosﬁ]sinﬁ
D? (aﬁ0)= \/gsinzﬁ %sinﬁcosﬁ 3c0522ﬁ—1 %Sinﬁcosﬁ \/gsinzﬁ
eia(l-'—‘;osﬁ sin B eia(l_czosﬂl(2cosﬁ+l) %eiasinﬁcosﬁ eia[l+zosﬁ](2cosﬁ—l) —eia[H—czosﬁ]sinﬁ
2 2
eiZa[l_czosﬁ] eiZQ(I_CZOSﬁ]Sinﬁ g i asiHZﬁ eiZa[1+c205ﬂ]sinﬁ ei2a(1+czosﬁJ
J\ = JN(JT ( B ) J
R(0B0)7)=" % |4 )} [R(0BO)[2




J=2 m=-2 n=-1

=1

rl

J=2 m=-1 n=0

1
-l

"t J=2 m=-1 n=2

* J=2 m=0 n=1

* J=2 m=0 n=2

2

J=2 m=1 n=-2

-l

J=2 m=1 n=0

\
/ \
\
\
\
\ s
-~ x/\
‘. ‘»’
f
\ f
\ f
\
\
\
\
\

/

t

- J=2 m=1 n=1

* J=2 m=1 n=2

J=2 m=2 n=-1

Quantlt

- Production; URL is "http://ww

w.uark.edu/ua/modphys/markup/QuantltWeb.html"
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http://www.uark.edu/ua/modphys/markup/QuantItWeb.html
http://www.uark.edu/ua/modphys/markup/QuantItWeb.html

Generalized Stern-Gerlach and transformation matrices
*Angular momentum cones and high J properties
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Angular momentum cones and high J properties

(a)

QTforCA Unit 8.
Ch. 23 Fig. 23.1.1

z-Component of J :
J, I;{,,>=m [F9

A

J=20

1 Uncertqinty=15.3° i
m=20 (b) Uncer tainty<25.8°

— > < semi-classical
regions

(d) m=19 [

(— semi-classical
regions

OTforCA Unit 8. Ch. 23 Fig. 23.2.2
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z-Component of J :
Jf | 1{1)2 [P

http://www.uark.edu/ua/modphys/markup/QuantltWeb 1ht_r_n .

0 p=0.0° ©

-1

0 p=22.5°

J=10 n=97B=0.0° ®

J=10 n=9

‘p=22.5°

J=10 n=8"B=0.0°®

J=10 n=8§

1

“B=67.5°

1

*B=90.0°

J=10 n=7[

\B=0.0®

J=100=7["B=67.5°

J=10 n=7

J=10 n=6¢

B=0.°
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z-Component of J :
v

A

J=30 n=3p B=0.0° ® J=30 n=28 B=0.0°°® J=30 n=28 B=0.0°® J=30 n=2{ B=0.0°®  J=30 n=26 P=0.0°°

Bl

ml/ Mmoo -1 “-1 -1

=30 n=30 B=22.5° J=30 n=2% B=22.5° J=30 n=28 P=22.5°  J=30 n=27 P=22.5°  J=30 n=26 P=22.5°

J

arc cos [ KiVI{J+1) ]

1 e

=30 n=3p P=45.0°  J=30 n=20

0=

30

J

Angular Momentum Cones for

B=90.0°  J=30 i

http://www.uark.edu/ua/modphys/markup/QuantltWeb.htm
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Using literal interpretation of | L>to derive approximate number AM
of “most-busy” counters and determine most probable M-value.

N E2NILT AP sin 3

J=20

m=20

AM 2%1 -5im 3
I W=2N30-1 sin 3
J-2 \I=2N5]-4 sin

http://www.uark.edu/ua/modphys/markup/QuantltWeb.htm

AN =N40=1.
Testing formula with J=20 for 5=45°...

Thursday, April 10, 2014
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Using literal interpretation of | L>to derive approximate number AM
of “most-busy” counters and determine most probable M-value.

_‘J'.l.:_l.;"-{.frif ~1)-M sin J 20

AM 2%1 -sin 3
W=2N3J-] sin B
\I=2v50-4 sin i

AN =N40=1.
Testing formula with J=20 for 5=45°...

http://www.uark.edu/ua/modphys/markup/QuantltWeb.htm
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Using literal interpretation of | L>to derive approximate number AM
of “most-busy” counters and determine most probable M-value.

m=20

- '.l.:_l.;’h';frif ~1)-M sin
|

J=20

M=J AM 2%1 sin il | B=45
M=J-1 AM=2N30-DsinfB| | |
M=J-2  AV=2N504 -sinB| [ # .0 1%, 20
] ' =¥ o
— LY J - —
Meosf 062

Testing formula with J=20 for 5=45°...

...and for 5=90° J=20 n 2@

3=90.2°

Exact result close to:

AM =220 =2-447 =894

http://www.uark.edu/ua/modphys/markup/QuantltWeb.htm e L

Thursday, April 10, 2014
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Generalized Stern-Gerlach and transformation matrices
*Angular momentum cones and high J properties
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Using literal interpretation of ‘ " >t0 describe approximate rotor wave-functions

Lab z-axis fixed
in Lab

Z

~' Body z-axis

OTforCA Unit 8. Ch. 23 Fig. 23.2.4

' J=20

0.5

0.5

2.5
I

OTforCA Unit 8. Ch. 23 Fig. 23.2.7

Thursday, April 10, 2014



Lab z-axis fixed

\J=20  m=20 n=20

f_J=2O m=20 n=19

~ BOdy Z-a'XiS 1.5 I 2.5 | 3.5 |4- 4.5 |5 S 6 2.5 |3 3.5 4 4.5 5 5,
m=19 n=19
2.5 3.5 |4 4.5 5 5
| B
| -1 -1
Thursday, April 10, 2014 37




=20 m=-20 n=-20 'J=20 m=-20 n=-19
[\ | [

[ / \
-0.5 \ / [ -0.5 (\ /)

--0.5 ~-0.5

E:'1J=20 m=-19 n=-20 J=20 m=-19 n=-19

8
b
-
-

|

/ N\ |
0.5 \ // ". 0.5
i /\ \ |
[\ \ ro
\
Jop b 15 2 s 3 /55 /4 as 3 55/ 6\
B
~-0.5
Lab z-axis fixed ~ Body z-axis -1

in Lab Z

http://www.uark.edu/ua/modphys/markup/QuantltWeb.htm
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Asymmetric Top spectra J=1-2

Thursday, April 10, 2014
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j,m,n formulas for momentum operator matrix elements:

LLAB matrix elements use the usual atomic formula:
<Z1’,n' Jl ‘ Zfz,n> - Dé’,m (Jl )5n’n :§1 |:6m’m+1\/(j —m)(j+m+1)+ 6m’m—1\/(j +m)(j—m+ 1)_ 6n’n
<Z1’,n' JZ Ln]a,n> - Dé’,m (J2 )6n’n :%i |:5m’m+1\/(j —m)(j+m+1) - 5m’m—l\/(j +m)(j—m+ 1)_ 5n’n

(oo |95 7o) = Do (9908, = 8,,m 8.,

’ /7
m’,n m,n

BOD matrix elements are the same after switching m’s into n’s
and changing sign of J> matrix (*-conjugation)

<;7]1’,n' JT ia,n> = 6m’mDnJ’,n*(JT) :% 5m’m |:\/(] o n)(] tn+t 1)671’71+1 T \/(] + n)(] —n+ 1):|6n’n—1]
<i’,n' JE ;7]1,n> = 6m’mDri,n*(J§) :%i 6m’m |:\/(] - I’l)(] Tt 1)61fz’n+l - \/(J T n)(] —n+ 1):|5n’n—1]
<J’ ’ J§ 4 > - 6m’lei,n*(J§) - 5m'mn 5n’n

m’,n m,n

Thursday, April 10, 2014



Hamiltonian matrices for asymmetric rotor Hamiltonian H=;

3

First are matrix formulas for BOD J2 components.

J%‘i’n>:1§\/(j—n)(j+n+l)JT

LG+ —n+ 1)

JU=m)(=n=1)(j+n+1)(j+n+2)
4

.J%‘jw>:g\/(j—n)(j+n+1).1z

G +m)( = n+1d;

4

B[o) =)
m,n m,n

J
m,n+1

J
m,n—1

)
)

J
m,n+1

J
m,n—1

NG=m)(j—n=D(j+n+1)(j+n+2) | J
m,n+2

)

)

[JIZ J§2 J—2 ]
+ =
I- I. I

This gives the rigid asymmetric-top matrix formula for general A, B, C and J.:

(A2 + BJ +CJ§>\;M>:

B JG=m)(=n=1)(j+n+1)(j+n+2)
= (4-B) X |

J
m,n+2

AJ? + BJ;” + CJs°

NG e DG =n= DG+ n+2) | )+ G = 1)
GG =t DG =G =42 | )+ GG =+ )
+j(j+1)_—n2 J > _|_\/(j+n)(j+n—1)(_j—n+1)(j—n+2) J >
2 m,n 4 m,n—?2
=2 JG=mG+n+ DG -n=-DG+n+2)|7 Y+ G=m)(i+n+1
N =) J=n=1)(j+n 2 ) Tz —n)(j+n+1)
WG =+ DG+ n=DG=n+2) |, )+ G+ m—n+1)
LIGH)=n* g > NGEG+n=D=mD(=n+2) | g >
2 m,n 4 m,n—2

m,n

. 2 SRV —
> +[(A+B)J(]+1)§—n _|_Cn2]‘J >_|_(A_B)\/(]+n)(]+n 1)(ZJ n+1)(j n+2)‘]

m,n—2>

Thursday, April 10, 2014
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(J=1)-Matrix for A=1, B=2, C=3.

2 .2
2 2 +1
1 1 \_| 2 V2 1 1 \_| -l 2 1 1
<m,n’ JT‘m,n>_ 2 2 | <m,n' Ji‘m,n>_ % ‘ lj ’ <m,n' Jg‘m,n> 0
V2 —iN2 -1
2
1 1 1 1
2 2 2 T2 +1
[ | L1 : +1
2 2 2 2
(4 B A B ) (1,2 1 2\ (9 1)
|22 TC 372 ;T +3 373 > —3
<AJ%+BJ%+CJ%> - A+B - = - 1+2 - =] - 3
A B A, B 1 2 1,2 | 9
. 272 SR 5 R O B W ;T2 +3) (=2 3 )
eigen-values: (B+C=5 A+B=3, A+C=4 i
5 (+ i +C=4) B+C)=1n2]}, ) SNA y-like
| IN2 0 IN2 ’ 1 |
eigen-vectors: 0 1 0 A+B)= + ‘ m,o>
x-like
iz 0 112 a+C)=1r2}, ) +1N2]), )

j=1
Standing

Body-based J=1
vector-like eigenfunctions

Thursday, April 10, 2014 42



(J=2)-Matrix for A=1, B=2, C=3.

<AJ% + BJ% + CJ% >J=2 =

(4+ B)+4C

@(A—B)

2(A4+B)+C

>(A-B)

\/Qg(A—B)

3(4+ B)

@(A—B)

>(A-B)

2(A+B)+C

Standing
d-Waves

‘/ig(A—B)

(A+ B)+4C

15

SN

15

ol s

6
2
-3
3
s
6 3
15
3
s
5 15

Thursday, April 10, 2014
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(J=2)-Matrix for A=1, B=2, C=3.

(4+ B)+4C

J=2
2 2 2

éﬂA—B)
2(A4+B)+C
3(4+ B)
>(A-B)
Q%A—B)

>(A-B)

2(A+B)+C

‘/ig(A—B)

(A+ B)+4C

Matrix is nearly diagonalized in standing-wave D;-symmetry basis

Alz+>=ﬁ1

R
Sl Jer)-g

+21>+\/§1‘—21>= |A10>:‘8>

)

2\ 1] 2
+1/ 7o |-

15

SN

SN

ol s

15

(o)

S

15

The following basis transformation “almost diagonalizes™ <H>J:2 by reducing it to block form.

Let: X = A4+ B and A= A— B to shorten expressions.

ac-3 -
1 : 1
s
1 -1 - €+
N . Joa
(Dl 1 1 L .
S | 3A
2
2
4C+ X
4C+ X
=l - -+
. C+5§Z_
NEY

N
2

3A
2

£))

J3(4-B)

1 1 :
. .
@A - 2| (p)+2z
: -1 .
I -1
4C-%
4C+ A+ B
4C+ A+ B
C+4A4A+B
: C+A4+4B
J3(4- B)

34+3B

New D basis:

Thursday, April 10, 2014
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Completing diagonalization from new D, basis:

A2+ — 1(2 12
4C+A+B J3(4-B) | _> [21+22>+ 21‘_22>
AC+ A+ B - B2 >= > +2>‘ z’—2>
C+44+B Bll+>= : f1>+ﬁl‘_1>
. C+A+4B — 1l 2 1l 2
A1 )= A2 1)
J3(4-B) 34438 )= 1>2 214
A10> = ‘o>
D, | 1 R, R
A1 1] 1 1
A2 1 1 —1
gl 1] -
32 1 -1 1 R
2(180°)
G |1 |1 R, R.(180°) R.(180°)
111
— |1 -1
C;xCy |11 R 1| 1R, R R,
4 1 1 1 1
= + 1 1 1 1
— [ ey e
_ 1 SHENE) (=1
p, |1 R, R
+=4 11 1|1 1 ,

1 Standing
o=t At d-Waves
—=B1 1 1 -1 =1 (1800)

=B |1 1| -1 1

Thursday, April 10, 2014
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Completing diagonalization from new D, basis:

AC+ A+ B J3(4-B)
4C+ A+ B -
C+4A4A+ B
: C+A4+4B

J3(4-B) 34+ 3B

D2 1 R R

y z

A1 1] 1 1

/0 IS TS T I T

gl 1] -

Bl1 1|

Need only diagonalize the two A;’s:

A12+>:ﬁl +22>+ 21‘_22> ( It is n=0 versus n=2+)

322_>= ] +22>‘ 21’—22> 4C+A+B 3(4-B) ’A12+>:f21 +22>+J51"22>
Bll+>= : +21>+J51‘—21> V3(4-B) 34+3B |4,0) = ‘3>
or)-gli-gl)

4,0) = ‘§>

Standing

d-Waves
(180°)

Thursday, April 10, 2014
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Completing diagonalization from new D, basis: Need only diagonalize the two A;’s:

i den | | | N A12+>:ﬁll +222>+ 211‘_222> (It is n=0 versus n=2+)
AC+ A+ B - 57 )=gl)-5]3) AC+A+B \/5(,4—3)) 427)= 2| 2)+ 2| 3)
C+44+B ‘ ' Bll+>= 21 +21>+J§1‘—21> \/E(A—B) 34+3B )|40) = ‘(2)>
C+A+4B : A21_>= 21 +21>_ 21‘_21>
D, |1 R, R,
A1 11
A1 1T -
Bol1 1] -1 -
Byl 1 -1 | -1 1

Standing

d-Waves
(180°)
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Completing diagonalization from new D basis:

4C+ A+ B
4C+ A+ B
C+44+B
C+A+4B

J3(4-B)

J3(4- B)

34+ 3B

Aj

n—_/I>,2 IG

Need only diagonalize the two A;’s:

_22> ( It 1s n=0 versus n=2+)
2

4C+ A+ B J?(A—B))]A12+>=¢§ 2)+42)
) J3(4-B) 34438 )|40) = |3)
)

20-4-B  ~3(4-B)

=(2C+24+2B)-1+
[x/E(A—B) _(2C- A-B)

J=2 Levels of prolate vs. oblate cases with eigenvalues:

=)

Ar

prolate
(A=2, B=2, C=3)

Ay :2C+2A+2Bi\/(2C—A—B)2+3(A—B)2

:2(A+B+C)12\/C2—(A+B)C+A2—AB+32

{4(3 +2B

=2C+4B+2(C-B)= if A= B

11
symmetri¢ | |
1o (A=2, 2<B<3, 3) B2 oblate
(A=2, B=3, C=3
<9
Ay
i s

A=B prolate case: (A=2, B=2, C=3)

B(J(J+1) +(C-B)n?=2B+4C=4+12=16 (n=+2)

S5B+C=10+3=13 (n=+1) ,6B=12 (n=0)

B=C oblate c]ase: (A=1, B=2, C=2)
B(J(J+1) +(A-B)n°=2B+4A=4+4=8 (n=+2)
S5SB+A=10+1=1] (n=+1) ,6B=12 (n=0)
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Completing diagonalization from new D basis:

4C+ A+ B
4C+ A+ B
C+4A4A+B

J3(4-B)

C+A+4B
34+ 3B

J3(4- B)
Aj

n—2=> 16

Need only diagonalize the two A;’s:

( It is n=0 versus n=2"%)

_21’—22> {4C+A+B x/g(A—B))’A12+>:J51
J3(4—B) 34+3B

+22>+J51’—22>

|A10> = ‘(2)>

:(2C+2A+2B)-1+[2C_A_B Va(4-5) }

J3(4=B) —(2C— 4-B)

J=2 Levels of prolate vs. oblate cases with eigenvalues:

prolate
(A=2, B=2, C=3)

6+ 3B

14+8  32-8)|_
J32- B)

UO+28)1+(

4-B  32-B)
B32-B) —(4-B)

Ay =10+2Bi\/(4—B)2 +3(2- B)?

2<B<3,

3)'

=2(5+B)+2V7-5B+ B*

:14i2:{ 1; if: A=B=2 and: C=3 |

oblate N\
(A=2,B=3,C=3 A\

A2

n——=2>

A=B prolate case: (A=2, B=2, C=3)

B(J(J+1) +(C-B)n?=2B+4C=4+12=16 (n=+2)

S5B+C=10+3=13 (n=+1) ,6B=12 (n=0)

B=C oblate c]ase: (A=1, B=2, C=2)
B(J(J+1) +(A-B)n°=2B+4A=4+4=8 (n=+2)
S5SB+A=10+1=1] (n=+1) ,6B=12 (n=0)
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New geometric approach to rotational eigenstates and spectra
Introduction to Rotational Energy Surfaces (RES)
Symmetric vs Asymmetry RES
Spherical rotor RES

Thursday, April 10, 2014
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Review of freshman Chemistry and P
Electronic orbitals 101

Quadrupoles
( d-orbitals )

Dipoles
( p-orbitals )

Monopole
( s-orbital )
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Review of freshman Chemistry and Physics (contd)

Momentum 101 p=my J=L=1® BANG!
(linear) (rotation)
12 _ 2 Ly 2 p
Energy 101 E =mv- = p°/2m E=ITw" = J /21 $BUCKS
SBUCKS . BANG!

Simple Rigid Rotor Hamiltonian... (Hamiltonian H=E is energy in terms of momentum)

H=A4J i + BJ i +CJ g + .- ..and its multi- expansion...
A+B+C 2C—-A-B A-B
( ) ) S R +( ) 22 -32-J° +( ) J2-J2
3 R | 6 y 9 y
2 T
Spherical Top\ F To o9
(A=B=C) 0 .o | Symmetric Top ) 2 (2 2
=5y TV=J (A=B#C) 2TV 3(T2( )+T_(2))
H= BJ*+(C - B)(2/3)T® o
Asymmetric Top
(4#B#C)

10

2
H= BI+2C-4-BBTY +(A-BNG( T+ 1))

(Derivation follows next lecture...)
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As of April 3, 2014

Links to the current Harter-Soft I.earnlt web apps for Physics

Bold links have default redirect pages. Italics are not yet meant for production.Red: the final stages of testing.

List of production Harter-Soft Web Apps & Textbooks (For public)

Classical Mechanics with a Bang! - URL is "http://www.uark .edu/ua/modphys/markup/CMwBangWeb.html"
Quantum Theory for the Computer Age - URL is "http://www.uark .edu/ua/modphys/markup/QTCAWeb.htm]"
Learnlt Web Applications - URL is "http://www.uark.edu/ua/modphys/markup/LearnltWeb.htm]"

Individual web-apps for current classes:

Bohrlt - Production; URL is "http://www.uark .edu/ua/modphys/markup/BohrltWeb.html"

Bouncelt - Production; URL is "http://www.uark .edu/ua/modphys/markup/BounceltWeb.htm]"

BoxIt - Production; URL is "http://www.uark.edu/ua/modphys/markup/BoxItWeb.html"

Coullt - Production; URL is "http://www.uark.edu/ua/modphys/markup/CoulltWeb.html"
Cycloidulum - Production; URL is "http://www.uark .edu/ua/modphys/markup/CycloidulumWeb.htm]I"
Jerklt - Production; URL is "http://www.uark .edu/ua/modphys/markup/JerkltWeb.html"

MolVibes - Production; URL is "http://www.uark .edu/ua/modphys/markup/Mol VibesWeb.html"
Pendulum - Production; URL is "http://www.uark .edu/ua/modphys/markup/PendulumWeb.html"
Quantlt - Production; URL is "http://www.uark.edu/ua/modphys/markup/QuantitWeb.html"

The old relativity website (2005):
Relativity - Pirelli Entrant - Production; URL is "http://www.uark.edu/ua/pirelli" or "http://www.uark.edu/ua/pirelli/html/default.htm]"

Newer relativity web-apps currently being developed (2013-)
Relativlt Production; URL is "http://www.uark .edu/ua/modphys/markup/RelativitWeb.html|"
RelaWavity Production; URL is "http://www.uark.edu/ua/modphys/markup/RelaWavity Web.html"

Additional classical wep-apps:
Trebuchet Production; URL is "http://www.uark.edu/ua/modphys/markup/TrebuchetWeb.html"
Wavelt Production; URL is "http://www.uark.edu/ua/modphys/markup/WaveltWeb.html"

Link to master list of all Harter-Soft Web Apps & Textbooks (Prod, Testing, & Developement)

http://www.uark.edu/ua/modphys/testing/markup/Harter-SoftWebApps.html
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