
Lawrence Berkeley National Laboratory
Recent Work

Title
EXPERIMENTAL EVIDENCE FOR CLASSICAL ELECTRON RADIATION

Permalink
https://escholarship.org/uc/item/2kx9w0ts

Author
Mather, Joseph W.

Publication Date
1952-03-28

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/2kx9w0ts
https://escholarship.org
http://www.cdlib.org/


UCRL-1742 
Unc1assified-Phys~cs Distribution 

UNCLASSiFIED 
UNIVER~ITY OF CALIFORNIA 

Radi~tion Laboratory 

Contract No. W-7405-eng-48 

:UPERIMENTAL EVIDENCE FOR CLASSICAL ELEG'I'RON RAPIA1'ION 

Joseph W. Mather 

March 28, 1952 

Berkeley, California 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



h. 

-2- UCRL-1742 
Unclassified-Physics Distribution 

EXPERIMENTAL EVIDENCE FOR CLASSICAL ELECTRON RADIATION 

Joseph Wo Mather 

Radiation Laboratory, Department of Physics 
University of California, Berkeley, California 

}lfarch 28, 1952 

l . 
In a recent paper, Parzen has given reasons for expecting 

quantum deviations from the well-known classical radiation calculations 

of Schwinger
2 

at high electron energieso An experiment, using the 320 

Mev Berkeley synchrotron, was proposed by Eo MG McMillan to determine 

whether the quantum mechanical correction, as suggested by Parzen, should 

be made to the classical radiation formula at electron energies of about 

300 11ev. The method involves measuring a particular time on the decreas

ing portion of the magnetic cycle, after the ndio frequency accelerating 

voltage has been turned off, when the rate of shrinkage of the electron 

orbit (which is due to electron radiation) is just compensated by an 

expansion of the electron orbit caused by the negative rate of change of 

magnetic field. 

Normal operation of the synchrotron entails cutting off the 

r .. fo voltage near the time of peak magnetic field. Here ihe electron 

energy and the rate of radiation is a maximum; as a result, the electron 

loses in radius and spirals toward the internal targete Orbit expansion 

in this region· is negligible because the magnetic field is changing very 

slowly on its downward cycle. But if the r.f. is turned off after peak 

lo Go Parzen, Phys .. Rev .. .§6., 235 (1951) 

2. J. Schwinger, Phys. Rev. 75, 1912 (1949) 
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field is reached {Figo 1), the electron energy and the rate of radiation 

will be smaller than at peak field.~' while the increasing rate of fall off 

of the magnetic field strength will cause the orbit to expand with con

sequent gain in radiuso Thus, by varying the r,fo turn off, and therefore 

the electron energy, it 1s possible to reach a particular time (in the 

magnetic cycle) when the gain in radius due to the change of magnetic 

field just cancels the loss in radius because of radiation" The cancella

tion of' these orbit mot.ions occurs at; the in1:.erna1 t.arget radius r 
0 

at a 

particular time and can be interpreted as a turning point in the electron 

trajectory" The time at which the turning point is observed furnishes 

information from which the rate of radiation can be computedo This time 

is found in the following manner. A signal from a photomultiplier-crystal 

detector (located in the x-ray beam) is watched on a cathode ray screeno 

A convenient reference time point is obtained by triggering the oscillo

scope with a signal from a slab coil which indicates when the magnetic 

field passes through.its maximum valueo Thus~ as the rofo turn-off time 

is slowly retarded, the x-ray signal on the screen .moves to a later time 

and, at a particular time, simply vanisheso The electron orbit is then 

starting its inward motion fo the target, just grazing it at the turning 

point, and then going outward. The electrical angle (in the magnetic 

cycle) describing the lag of this vanishing x-ray signal behind peak 

magnetic field is 9 in eqo ·(6) e 

For a highly relativistic electron the total energy~ magnetic 

field strength and orbit radius are simply related, 

E = e H r where H = H(r,j)t) (1) 
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and, differentiating, assuming r constant at the turning point, we have 

E = e H r. (2) 

The total rate of energy loss E in eqo (2) involves 

(a) Radiation loss by a relativistic electron in a circular 

orbit moving with constant velocity, as given by the classical expression 

2 e
2 

c (_ E )
4 

Eaadiation = 3 r2 \mc2 

where E is the total electron energy~ m is electron rest mass md r is 

orbit radiuso 

(3) 

(b) Coherent radiation due to electrons bunching in the orbito 

During the observations, the beam intensity was continuously varied from 

zero to maximum intensity, with no appreciable change in observed timeo 

Hence 

. 
Ec-oherent radiation ~ Oo 

(c) Betatron action resulting from field flux linking the 

orbito This effect is found by numerically integrating the field plot 

from r = o to r = r0 , yieiding an additional energy loss correction 

F- - e rH(Oo20 ± OoOl) -Betatron -

thus, inserting eqso (3), (4) and (5) into eqo (2), md letting H = H
0 

cos G, where Q = 2rrV t and using eqo (1), there results 

sin Q - 1 
cos4 Q - 3 rr (l-Oo20} 

3 

(~) 

(4) 

(5) 

(6) 



'> 

-5- UCRL-1742 

where r
6 

is the classical electron radius (2o82 x lo-13 em); r 0 is the 

target radius; E0 is the maximum electron energy at the target; 1/ is 

the magnet excitation frequency; m is the mass of' the electron; and c is 

the velocity of lighto 

It is interesting to note the large betatron effect present 

during the entire magnetic cycle, even though the flux bars saturate at 

approximately 80 gausso However, the decreasing portion of the magnetic 

cycle yields the energy loss given by eq. (5)a 

The time when the x-ray signal vanishes is experimentally found 

to be t = 2900 ± 50 microsecondse See Figo 1. The difference between 

the calculated and experimental value of sin 9jcos4 9 is 2o7 percent and 

is seen to be within the assigned experimental error. From the results 

in Table I, there seems little doubt of the validity of the classical 

expression, eq. (3), for electrons in the 300 Mev energy range. 

The author wishes to thank Prof. E. H. McNi1lan for his 

suggestions and continued interest, and Drs. D. Judd, J. Lepore, M. Ruderman 

and P. Wolff for many helpful discussions. It is also a pleasure to 

express thanks to :t-1r. G. McFarland and the crew of the synchrotron for 

help with this experiment, with particular thanks to Nr. G. Gauer. 
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POINT C -VARIABLE R.f TURN- OFF 

TIME 

SYNCHRONOUS RADIUS (100 em l 

1) = 32cps ± 0-5% 

POINT A- FLUX SARS SATURATE 

A eo 
o~--------~0--~,------~--------~~--------~----

l.t- TIME---

MAGNETIC FIELD AND R.F. ACCELERATING VOLTAGE WAVEFORMS 

FIG. 

TABLE 

e =2tT11t sine 
-· cos4e_ 

CALC. WITHOUT 
29.9 ° 0.88 :!: 3.3°!. BETATRON EFFECT 

CALC. WITH. 
uo± BETATRON EFFECT 33.o• 3°/o 

EXPERIMENTAL RESULT 33.4° 1.130± 4.3% 

r. = TARGET RADIUS (96cm =I%) 

H.= MAXIMUM MAGNETIC FIELD AT THE TARGET(II719GAUSS±I%) 

MU3395 




