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Su:rilina.ry of the Research Progre s s Meeting 
. of 

July 219 1949 

Ho P. Kramer 

August 26,9 1949 

Measurement of the Cyclotron Mag;n.e.tic Field by the Method of Nuclear Induction. 

Do Bishop~ 

For the accurate measurement of the mas.s. of the meson by H(' in the cyclo

tron and range in emulsi.on a precise lmowledge .of the magnetic field is nec-

essaryo By flip coil measurements· in. the pa.st it was possible to measure the 

. field with an error not excee.ding one percento With the present method g 

however.9 the field was determined with an error of less than 0 0 02 percent. 

The measurements are based on the property of protons that causes them to 

behave . like elementary magnets. Vfuen a proton is subjected to a magnetic 

field its magnetic moment a~igns itself wi ththe lines of force of the mag-

netio fieldo The applioation with an.inductance coil in an L~C circuit of a 

v:arying magnetic field at right angles to the steady magnetic field causes a 

precession of ·the magnetic moments about the primary field direction. The 

orbit tha~ is described by the moment vector is determined oompletelyby the 

strength of the primary field H and the strength and frequency of the applied 
. . 

field. The motion of the elementary magnet when it i:s oscillating ~ th its 

natural frequancycan be detected by the. current that is induced in a sui t-

ably placed' coil when the ooil is momentarily threaded by the flux due to the 

magnetic· field of the proton. It is coml'enient to place the detector coil at 

right engl es to both the field H· and the applied field so that no· electromo-

tive force is induced :l,n the detector coil by the variable applied field. To 

a given magnetic' field H,9and a detector coil placed at right angles to Hand 

the rf fields there corresponds a definite known rf resonance frequency such 
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that the precession of the magnetic moments will induce a surge of current in 

'. the detector.· Orie might therefore measure the magnetic field by varying the radio-· 

frequency and noting for what frequency a surge is observed in the detector 

coilo Frequency modulation is however an awkward procedure. For this reason 
.. ,-' 

an alternative method· qf,..measurement was used. It is equally well possible to 

maintain the radiofrequertcyat a constant value and to vary the magnetic'field 

until a surge of current ,is induced in the pick-up coil. This was done by 

superimposing on the field H a harmonically varY1ng60 cycle perturbation, 

field. 

For the clear exhibition and convenient manipulation of the quantities 

involved, a 60 cycle field signal synchronized with the perturbation field was 

imposed on the x-axis of an oscilloscope and the signal from the detector coil 

was placed on the y-axis. The frequency of the rf field was then adjusted so " 

that the pip from the detector coil appeared at the zero the"x.~ari~~:,~weep.\\i:L; , .. 

Since 01.1e factor that determines the accuracy of the measurem.ent is the pre

cise'location of the center of sweep, that is the zero of the perturbation 

field» it is desirable to make the perturbation field small. .The error in 

the determination of the center of sweep is a percentage of the sweep length 

and henee of the perturbation field. It was found convenient "to use a per-

turbation field of 3 gauss amplitude. 

Other factors that affect the accuracy of the measurement are the degree 

of homogeneity of the fi~ld H over the sample; the certainty with which the 

frequency of th~ rf field can be det~rmined and finally the accuracy with 

which the magnetic moment of the proton is known. 

A schematic drawing of the experimental arrangement is shown in Fig. 1. 
., 

Exci tat ion Funct ion s f or>Spallation React ions. G. CoWick. 

The excitation func;tions that have been determined in recent years by 

Kelly and se~~(l~ and Meinke and Seaborg(2) indicate the existence of a· 
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~haracteristic energy of bombardment which corresponds to maximum yield. An 

attempt- has been made t.o s-'''lalyze t.;he dependence of- yield on excitation --energy 

on t.he basis of' a slro.ple p1'obabili ty model and a promising inclination to 

agreement between the results of analysis and experiment has resulted~ 

Be©ause of the dlffi'culty of manipulating a compound nucleus, the liquid 

.' drrOp model was usedo F'D!" ((';or1creteness of image the theory will be illustrated 

by mean~ of the eXlCi.tation of the reaction Th232 (p,6n)Pa227 which is discussed 

by Mefuke and Seaborg. (2) The relative yield of the reaction is equal to its 

probabilitYsthat is, t.hs :f'requen,c;y with which this reaction occurs among all 

the rsalCti.ons that are possible when protons of a certain energy Eo impinge on 

a large mlmber'©£ Th232 ~o:ulClei. The reaction Th2.32(p,6n)Pa227 is a compound 

event whirr;b consists of the separate eventsg one neutron is boiled off, then 

another,; tjleri another, until exactly sb:: neutrons are boiled off in succession • 

. lb,tlf 1"he purposeDf s:irnplifying <L;:()mputations> the probability of boiling off a 

proton is assumed to be negligibly smallo 

Let Erg be the energy which the prcton brings tc the unimpaired Th232 

nUlCleuso The tem.peratm'\9 -cf the nucleus,'l'o is thwproportional to I Eo 

It is assumed t.hat the first neutron is boiled off with-a lVlaxw.ellian energy 

.>,;", dist~;ibut ion ~ 

The energy that remains to effect the expulsion of a second neutron is El == Eo 

= 13 =€o where B,is the binding energy of a neutron, and Eo is the energy 

that· was' imparted to the first neutron 0 The bindiIlg energy for a neutron was 

. assumed to 6 Mev . It is then assumed that the second n"autron is again boi~ed 

off with a Ma.:xwellian energy distribution 

~ 
E" 1 =T1 
--~e dEl 
'1'12 
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The nith neutrenis expelled frem the nucleus 
fn+l 

with an energy distribution 

€ =T ,;-
, .... n+l e n+:~= d E-n+l 

Tn+12 
. .r.: ' • Ii'. , • .~ , " 

Let Pn ( <E 11) be the probability function fer the energy of emission of the n ath 

neutronJ and define .~ "" E'~, .... f:2 + 0 

The probability function for the e~aporation of at least n neutrons is 

Pl 0 P2 0 P3 0 0 0 • Pll'.V so that the probability of boiling off at least n 

neutrons with an energy dissipation of ~ is 

When t.he number of neutrens that are emitted is large it is possible to U$e a 

Guassiart or Poisson distribution as a limiting case of the Maxwellian di.stribu-

tiO!l. 

In IOrder to arrive at. the excitation function for the reaction Th232 (p,6n) 

Pa227" flOr example, one computes the probability that at least six neutrons are 

e'vaperated and subtral'Z:ts it from the probability that at least seven neutrons 

are emi:tted for various values of the initial excitation energy Eo. The graph 

of Figo :2 shows the result. The agreement with experiment is fairly good 

although the experimental curves are somewhat sharper. 

The Light e=Emitters in Au and Hg. Jo Rasmussen. 

T. P. Kohman(;3) has pointed out that most nuclides above A '" 140 are 

energetically capable of emitting ~~particles although heretofore naturally 

radioactive S~15:2 was the only known ct'-emitter below Bi~ The discovery of 

isotopes that decay by a-e~i.ssion in the medium heavy region increases in 

difficulty with decreasing mass number since the half~lives become extremely 

short. A search for ct=e~itters is being carried out among the neutron defi-

c1,ent isoto:pes of the elements whose atomic numbers are less than 83. 
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Two such isotopes hayebe~n.,prodticed and identified by the bombardment . . . ,. 

of 'gold foil in, the l84.;.inch,cyclotr~m with pr?tons B:nd deuterons. They are: 

Au(190 

ig<~9~ " 
4.3 min. 

0.7,min. 

5.2l\1Iev· 

5.6 Mev 

-:A clear chemical' identification has been made of Z for both isotopes. The 

two isotopes have been ob~erveid' to deca.y by K capture, p+ and a. ... emission. 

On the basis of measurements of soft x-rays and a number of simplifying 

assu,mptions a preliminary estimate of the K/a. branching ratio of the 4.3 min. 

activity has been arrived at: K/a. z 104. 

The complete identification of the masses of the isotopes has Ilot been 

possible. An attempt has been made to obtain a rough mass assignment for the, 
",,/- . !-

Au activity by recording an excitation function for the reaction pt194(pl'xn) 

Au195-X • The threshold for this reaction was located between 75 - 100 Mev 

and this, by analogy with Meinke's results, leads one to think that 7 f x ~ 

10, that is, that the 4.3 min. activity has a mass nl~ber between 185 and 188. 

A mass assigninent by milking 'the Pt and II' daughters must await the positi~e 

identification of mass number for the light Pt and Ir activities. 

The search for a.-emitters in the medium heavy region is being continued. 

Information Division 
10/10/49 md 
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