
Angular momentum outside of the classical mechanics courses

• The gamma-rays, measured within a coincidence window, are emitted in 
rapid succession from 60Ni generated via beta-decay of a 60Co source 
(recommended activity: 10-μCi, so no license required, in most states)

• The two NaI scintillation detectors must be instrumented with electronics 
to determine coincidences ($5400, including the source + detectors)

• Data is taken for different values of θ, normalized at 90º, and graphed

• The plot at right indicates that, here, each photon carries 2ħ units of 
angular momentum (2 h-bar curve), and that this behavior is easily 
distinguished from cases where each photon takes away just 1ħ of angular 
momentum (1 h-bar curve)

• The angular correlation function, W(θ), used to model gamma-rays that 
each take away 2ħ units of angular momentum is:

, where N(90º) refers to the 

number of gamma-ray coincidences when θ = 90º

• This sequential “quadrupole” radiation pattern is a distinctive signature 
that the associated nuclear transition would be forbidden by the normal 
selection rules that assume each photon carries 1ħ angular momentum 
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Polymer-coated glass plates are commercially available 

(e.g., from RPC Photonics) that add spiral phase shifts to 

incident plane waves; yielding helical wavefronts:

• Angular momentum associated with “stationary” states in quantum 
mechanics is a source of confusion for undergraduates.

• A common reaction is to immediately distance the discussion from 
these stationary states and to instead revert to discussion of semi-
classical, Bohr-like orbits. That’s a missed opportunity, and grossly 
misleading!

• We describe three experiments for the advanced laboratory 
curriculum that complement each other in the discussion of the 
angular momentum associated with discrete photons and with 
“macroscopic” waves, and also bridge the communication gap 
between nuclear, optical and acoustic research areas in physics.

• Each photon has an intrinsic spin of one, but Allen et al.1 produced a 
beam of visible light where each photon carried an additional orbital
angular momentum that can be a higher multiple of ħ.

• This behavior was predicted by Hamilton in the 1940’s for gamma-
ray photons emitted by a nucleus2 and experimentally confirmed for 
several radioactive isotopes by Brady and Deutsch3 shortly after.

• This experiment is complemented by the optical1 and acoustical4,5

beam experiments demonstrating orbital angular momentum
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Nuclear Physics: Angular Correlations of Successive Gamma-rays

Analogies between Atoms & Optics Acoustic Experiment

• The momentum carried by a wave is equal to the 
Power divided by the wave speed. Since the 
speed of sound is much slower than the speed of 
light, very significant momentum transfer is 
possible, and so macroscopic objects may be 
used to probe the angular momentum of beams1,2

(whereas optical experiments at practical power 
levels are limited to microscopic particles).

• The larger wavelengths associated with acoustic 
waves allow detailed mapping of helicoidal
wavefronts

• In optics, the same “spiral phase shift” 

appears when applying separation of 

variables to Maxwell’s wave equation  

in cylindrical coordinates.

Figure adapted from: ORTEC Application 

Note 34, Experiments in Nuclear Science 2nd

Edition, July 1976, Published by ORTEC

• In calculating the stationary states of hydrogen, 

separation of variables leads to an azimuthal equation 

with solutions of form exp[i m phi], where single-

valuedness of the wavefunction mandates that m = 

integer
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Here color represents phase,  

which is a periodic variable (0 - 2p) 

so the horizontal line is not a 

discontinuity.

Poynting vector S follows a helical path

Orbital 

angular 

momentum

Jason Forster, Ryan L. Smith, G. C. Spalding, Illinois Wesleyan Univ.

A.T. O’Neil et al., PRL 88, 53601 (2002)

V. Garcés-Chávez et al., PRL 91, (2003)

Spin: rotation around particle axis

Orbital: rotation around beam axis 

“Spiral Phase Shift”

Students intuitively understand that 

particles interacting with such beams are 

swept  around …

but are nevertheless visibly awed by 

actually demonstrating such effects in lab
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Taken from Ref. 1 

• The figure to the left shows an experiment 
demonstrating helicoidal wavefronts which 
impart angular momentum to a hanging disk

• The speakers (shaded circles) are spaced evenly 
around the center point where the helicity of the 
wavefront is controlled by the phase difference 
between the speakers

• The camera records the angle of deflection used 
to calculate the torque which can then be plot as 
a function of the disk radius (r0) or height above 
the baffle (z0)
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l = 1 where l is the order of the helicity 
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