
Galilean (Lorentz) Invariance
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In atomic nucleus v2/c2<0.1, i.e., kinematics is nonrelativistic

Such	a	separation	can	be	done
for	Galilean-invariant
interactions

Depends	only	on	relative	coordinates	and	velocities!	
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Relativistic generalization

no	new	conservation	laws	
and	quantum	numbers!	
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• Center-of-mass	coordinate	cannot	be	introduced	in	a	
relativistically covariant	manner

• All	powers	of	c.m.	momentum	are	present
• Unitary	transformation	contains	gradient	terms	and	

spin-dependent	terms!



Space Reflection (Parity)

PU (!a) =U (−!a)P, PR( !χ ) = R( !χ )P
P Ψ = π Ψ , P2 =1⇒ π = ±1
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Weak	interaction	produces	a	very	small	parity	mixing

Jp=-

Jp=+
Parity-violating	matrix	elements	are	of	
the	order	of	0.1	eV.	This	leads	to	the	
mixing	amplitude	of	the	order	of	10-7

Which	quantities/operators	are	invariant	with	respect	to	
space	reflection:
(a)	Kinetic	energy;	(b)	Projection	of		particle’s	spin	on	its	
momentum;	(c)	Electric	charge



Experimental test of parity violation
(Lee and Yang, 1956; Wu et al., 1957)

Parity	violation	in	a	beta	decay	of	
polarized		60Co	(Jp=5+):	the	emission	of	
beta	particles	is	greater	in	the	
direction	opposite	to	that	of	the	
nuclear	spin.	

!pβ
!
Ii ≠ 0! pseudoscalar

60Co !60 Ni + e� + ⌫̄e + 2�
T1/2=5.2713(8) y,	produced	in	nuclear	reactors



Time Reversal
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T cannot	be	represented	by	an	unitary	operator.	Unitary	operations	preserve	
algebraic	relations	between	operators,	while	T changes	the	sign	of	commutation	
relations.

px, x[ ] = −i!→ px ', x '[ ] = i!
sx, sy#$ %&= isz → sx ', sy '#$ %&= −isz '

In	order	to	save	the	commutation	relations,	on	has	to	introduce:

T =UK

unitary

antiunitary

takes	complex	conjugate	of	
all	c numbers

B A = B ' A ' *



a1 + a2 ⇔ b1 + b2
normal	and	inverse
kinematics!

Time Reversal symmetry and nuclear reactions






