
Lab z-axis fixed
in Lab Body z-axis

uncertain

Concenetric RST-RST
Rotor-RotorSystem

`Big´RotorR

`Little´ Rotor l
+

R

l
J

l
R



Particle
or Rigid
Diatomic
Rotor
(RDR)

Rigid
Symmetric

Top
(RST)

Rigid
Asymmetric

Top
(RAT)

Rigid
Spherical
Rotor
(RSR)

Deformable
Diatomic
Rotor
(DDR)

Deformable
Symmetric

Top
(DST)

Deformable
Asymmetric

Top
(DAT)

Deformable
Spherical
Rotor
(DSR)

RDR-RDR RDR-RST RDR-RAT RDR-RSR RDR-DDR RDR-DST RDR-DAT RDR-DSR

RST-RDR RST-RST RST-RAT RST-RSR RST-DDR RST-DST RST-DAT RST-DSR

RAT-RDR RAT-RST RAT-RAT RAT-RSR RAT-DDR RAT-DST RAT-DAT RAT-DSR

RSR-RDR RSR-RST RSR-RAT RSR-RSR RSR-DDR RSR-DST RSR-DAT RSR-DSR

DDR-RDR DDR-RST DDR-RAT DDR-RSR DDR-DDR DDR-DST DDR-DAT DDR-DSR

DST-RDR DST-RST DST-RAT DST-RSR DST-DDR DST-DST DST-DAT DST-DSR

DAT-RDR DAT-RST DAT-RAT DAT-RSR DAT-DDR DAT-DST DAT-DAT DAT-DSR

DSR-RDR DSR-RST DSR-RAT DSR-RSR DSR-DDR DSR-DST DSR-DAT DSR-DSR

RST

RDR

RAT

RSR

DDR

DST

DAT

DSR

(Some) Rotor-RotorSystems (cc orhc)

H2
+



lzRz Jz lz RzJz lzRzJz l2R2J2

Lab
z-axis

Rotor-1
z-axis

Rotor-2
z-axis

Lab
Weak-
Coupled
LWC

J

Lab-Orient
Ang. Mom.
LOA

Rl

mR
nRml MJ

=mR+ml

R(R+1) nl l(l+1)

MJ J(J+1) nl l(l+1)nR R(R+1)

Body-1
Weak-
Coupled
BWC

R

Body-1-Orient
Ang. Mom.
BOA

lJ

MJ J(J+1)

MJ J(J+1)

MJ J(J+1)

MJ J(J+1)

ml nRMJ
=nR+ml

nl l(l+1)
nR R(R+1)

nl l(l+1)

nR R(R+1)

nR R(R+1)
nl l(l+1)

nR nlMJ
=nl+nR

Body-2
Weak-
Coupled
BWC

l

Body-2-Orient
Ang. Mom.
BOA

JR

R
l

J=R+l

R
J-R=l

J

R=J-l

l
J

l



R

l
J

R
l
J

lzRz Jz lz RzJz lzRzJz l2R2J2

Lab
z-axis

Rotor-1
z-axis

Rotor-2
z-axis

Lab
Weak-
Coupled
LWC

J

Lab-Oriented
Ang. Mom.
LOA

Rl

Body-1
Weak-
Coupled
BWC

R

Body-1-
Oriented
Ang. Mom.
BOA

lJ

Body-2
Weak-
Coupled
BWC

l

Body-2-Oriented
Ang. Mom.
BOA

JR

R

l
J

| 〉R
mR nR | 〉lml nlR

mR nR
l

ml nl
=

LOA
Rl| 〉

R
mR nR

l
ml nl

R
nR

l
nl

=J
MJ

CR
mR

l
ml

J
MJΣ

LWC
J | 〉| 〉| 〉

R

l

| 〉J
mJ KJ| 〉lml nl=

BOA
lJ| 〉

R
nR

l
nl

=J
mJ

C R
nR

l
ml

J
KJΣ

BWC
R| 〉

l
ml nl

J
mJ KJ

| 〉J
mJ KJ| 〉l

ml nl

| 〉J
mJ KJ

=
BOA

JR| 〉
R
nR

l
nl

=J
mJ

C R
mR

l
nl

J
KJΣ

BWC
l| 〉

R
mR nR| 〉J

mJ KJ
R

mR nR

| 〉J
mJ KJ

R
mR nR| 〉

l
J

R
J



R

mR
nR

Lab z-axis fixed
in Lab z

Single RotorSystem

Rotorwavefunction is R(3) group irrep
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X-stimulated pendulum:
(Quasi-Linear Resonance)

X

Y

Y -stimulated pendulum:
(Non-Linear Resonance)

φφ

ll

d2φ g Ax(t)
dt2 l l
___ + __ φ = ____

Forced Harmonic Resonance

A Newtonian F=Ma equation

d2φ g Ay(t)
dt2 l l
___ + ( _ + ___ ) φ = 0
Parametric Resonance

A Schrodinger-like equation
(Time t replaces coord. x)

Ax(t) Ay(t)

For small φ
(sin φ ~φ ) :

Hetrocentic Rotor-Rotors
Coupled rotation and translation (Throwing)
First non-human (or in-human) machines to do this:
trebuchets, whips.. (3000 BC-1542 AD)

d2φ g+Ay(t) Ax(t)
dt2 l l
___ + ______ sin φ + _____ cos φ = 0

A Nasty equation!

General φ :
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Fig. 10 Trebuchet with translational uncoil and recoil allowed.
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