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Provlom: To determine the erlfacbts, if any, of S an, Co-60
’ on on the strsngth of g permenent mapnes.

Obvious.

Backaround: There ang unﬂse priaciple © types of radiavicngs
al sha’"%aha, and gexnng {neurtons can also be consldered o
pﬂl;clpLe rediation), Theose various radiations H ave affcoied
iv. various ways by = w~~net*u Pie' d. In ¢ther "quqﬁ tha
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Fe Magnste-- common horseshos m,;Aau,
2 ﬁ?ﬁueu adthbBW -~ au appavatus for holding sad
angL sln% vie mabnsb.
Se Ljuxvuomw a 3tandsrd trinle-bean balance
b Balan nas =l cubly.-= Several x’l GeuJight cells
and & *ldShLig "ourhs all moungsd on the movushloe
ars ¢f The bvaiang o
: T, Ah_s “pka:azLu provides ths means of
recording snd observing the experiments. 1t goabeing
a spool of photc. paper that is svenly moved DYy &
rail one rwm metor. The smocthlg running paper
p&saeo vory near the peoint of the light mhsamb¢y,
almost .touehing.
4. Radiation,-- A Go-60 45 me. source cbtained fromx
e Calif. Sisaster Office, Wainut Creok.
Ta Mige,~o Proc@ssinr ciiomiGals and suppliss, ebe.

1z pleced in the wmagnet adjuster

gsition beuuauh'the ran of the

2ses a "pull” on hs balance.

alemes is the adjusbted to

Yow batberies having alraady
1 (]

Mrthod: The desired muaznet
=nd pisced in the nrogar pod
“-“anccg Ths magnet uewr cre

ink ~

o
thereby unoa‘apcrng itw'“ne
o)

6y l.:

foum

-cmaers"t iG“ magnet

beenn pleeed in the 1 raL &as sn" ¥ end Twned on, the knymograf
ig “-Oaded“ and turned on. Now we Lave the recerding apparsasus
in operuatlen and our wethod of detection is in ordcr. T
vaediatien is then placed under the magnat. An increase in

>

mzznetlic sty Lngtﬂ would show by an inersase in magustic pull,
thereby pull"*q the pan cown end, thereiore, meking the
other end ¢of the balance zo up. &8 the 1ig ¢ sssembly i
meunbed on this mevasble arm, any movemsnt could be saern

o the developed phote strip. ¥o veristion would mean no
movement of the balange. Decr caged strength, the pan would
g6 up z2ed the polintor dowis
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sipsrinsntabion, Detn, =nd Obkuvvh+1o_s IN saxp. ome, we
cant 36¢ that the 1line of exposure remains constsn 6. although
the density of exposurs olOWLy dscrnaaes and thﬂn CeaAsdT.

Lxdm?nlnp the butteries after the o3 Xp. showed that they
were nearly dead.

Exp. & was similair in that there was no CXPOsSUre &qu-uicno
Howsver, the density variation was gsomeuwnat different: The density
remained fmirly constant up to a point and then stopped in =
mattsr of severel minutas. )

Exp. 3 shows ne variastion is the iing of gxpesure, but

sgein there 1s & differens density efisct. The duﬁtitv
renains falrly davk for a long pericd and then nuLthv ons
to a #2wer but very clear density. Yuils sscond density
"QlB"ﬁJes for about threc of four winutes and then abruptly,

Hew batteries ware uged in all exXp. except ac. ona.
All e¥Xpe., except for bzttaries, weres carried cut under
icdanticel condltlons‘

The "Gead" batteries were checked several days latev

nd 'ound to be as wood sas new.

Cenelusiongs From the sbove we can coheluds thet A QS MC,UOuéo —
FEDTATION S0UQCE HAS NO NOTICEABLE EFFECT ON THRE Pu2ERGTIIOR
WEAK HORSESHOE MAZNET. This conelusionm ig YYVEEY sentalvy  as
ig based on only —thid oxperimants
) " In regards o the rariation 'm denzity, a conclusion
can be rsached that this variation was LL& unbirvcy to the
batteriss involved. ~arhans This 1s the typicsl setion of
4 dry cell under prolongsd use. lu is possible, however,

although the previous exp*endt is more :roaaola that
ths radiation itselr had ar {f’ecu on the cells, But they
ware checked several days later and found to bz in good shags

The sugrestion of radlation effect is worthy of fursher
resgarch.
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MAGNETIC FACTS, THFORY, AND PROJECT THEORY

In prac*ically every physics text there is a disgram showing
the theori.ed manner in which a magnetic circoit completes itself,
The diagram shows many particles, each an individual, very tiny,
magnetj all of these particles in a magnetized material are
uniformly aligned, Th-ir paths of alignment are called lines of
forces the number of lines of force per unit =rea determine the
flux, which is directly proportional to magnetic gtrength,

The above-mentioned particles are ref@ered to as magnetic
domains, Magnetic domains are £ very puxxling but interesting
to physicists. Recent research on the subject haa shown that a
domain i< a crystal composed of somewhere in the neighborhood of
.ten thousand atoms, very neatly arranged. When all or most of
these domains are aligned in such a way that their atoms asre aligned,
the suostance exhibits magnetic properties., In good‘permeoent
boagnet materials the domains are long and thin and,'when magnetized,
-line themsel ‘es parallel to each other, -

The alignment of these domzins is deoendent on fhe materiak,
Tthe strength of the external masmetizing force used, the Jarring
tﬁe megoet‘haa received, and the influence of other oOmeins. There
are many domains in a ferromagnetic substance which are not £
.aligned, even in a very strong magnet; they are, however,
influenced by their neighboring domains, If we have an "unhalanced“
domain, i.e., one that is not in alignment in a magnetic substance
but is feeling the.influence of its neighbors, the Bmalleet

force will usually "tip" it into alignment.
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(Cont.}

Doing some quick, rough calculations, we find that in a very small
magnet (about 4 x 3 x 1 inch) a gamma particle will "hit" a domain
once every second. If we leave the source exposed for about fifteen
minutes, eaph domain is "hit" by a total of 900 gamma rays., Taking
into account the increased size of the magnet used (which is about
twenty-two times the Qize of the maznet mentioned in the calculations},
we find that each domain is "bombarded" by about £ forty gamma rays.
Assuming that there are about ten thousand-atoms in a domain (ihis is
believed to be a reliable figure), we -find that only one in every
two hundred .f‘ifty (250) atoms are hit. Th::?nt;at only about 2/5
(.4) of one per céﬁt of the atoms in the magnet are actuzlly "feeling"
any external source, This figure leads one to believe that very few
domains will be affecteﬁ to a point of alignment., At least a few
should experience some sort of change in position or otherwise due to
the radiation, For tnis reason alone the projec£ is worthwhile.

The observer is probably wondering hy only neutral radiation
was and is considered. The use of charged particles was given thoughts
however, in a letter from Mr, Lovberg of the Los Alamos Sclentific
Laboratory, a discussion is given regarding the use of charged particles
as a means of increasing magnetic strength. After carefully stud&ing
said letter, the author decided not to use this type od radiation as it
would be very impracticle (see first letter in Appendix, please}.

Eliminating charged particles, this left only neditral rsdiationm,
Eliminating the use of neurtons, as a reactor is needed to provide

a large source of them, this left only gamma radiation.



V.

(Con'b. )

I was fortunate enmough to obtain a 45 millicurie Cobalt-60
source under the supervision of Mr, Jemes Armstrong, science instructor
at Washington Union High School, Fr mont, Californie, for ﬁy experiments
from Mr, Loren D, Fields of the California Disaster Office, Walmut Creek,

California.



VI.
RADIATION FACTS, THFORY, AND PROTECTION

As has been previously mentioned, the radiation source used
was & 45 millicurie source of 0060; The source was surrounded by
a heavy lead condainer; The source and shielding were encased in
a steel jacket.

"An individual can be exposed to no more than ) 0,075 roentgens
per hour. The accumulative total is 300 miiliroentgens per week or
0.3 r./week, One can calculate the\ddeé_rate (DsRe} of the source by
the formula D.R. equals kc/dz, where k is the "k-factor of the isotope",
¢ is the activity in millicuries, and @ is the distance from the source.
It was found that onme could come as close as three feet to the £
source, at th-t distance receiving nearly the maximum permissible dose
(mep.de}s This calculation did not take intonaccount any shielding,
etc., that might be inwolved. As the souce was shielded on al, areas
except the top, one could come up to three feet and still be relatively
safe.

Gamma rays are known for their high penetration and their ability
to "strip" electrons (Co-60' also gives off beta radiation, but it was
absorbed before even reaching the magnet and is not considered).

As a gsmma ray goes careening through a substance and heets withk an
atom, it usually "strips" an electron from the atom, producing & free
electron (the "free" electron usually finds its way back to sn atom
that needs an electron}., This "hitting" of the ray with an electron
produces energy, which disturbs the balance of forces within the

domain, This disturbance may have an effect on the dcmain,
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RESEARCH

The San Jose State library was the largest consultedj however,
all loecal libraries were visited, No data at all could be found
on the irradiation of magnets. Not belng able to find any published
date, I turned to letters.

The only data I retecived which even sug-ested thet thousght
had been given to the irradietion of magneté was in a letter from
¥r., Lovberg of the Los Alamos Lab, (see "Letters in Regards to

Project?}., This method could not be conmsidered for reasons that

become obvious upon readin: said letter, Practically &all letters
received sugzested that I consult Bozorth's Forromegmetisme The
work was comsulted but included no date on magnetis irradiation.
Discussing the problem with Drs. Kerr and Russel of GeE.'s
Vallecitos Atomic Lab,, they sug-ested I write to Bell Telephonme.
They also said that my theories may or may not be correet, as no
known research had been done on this sybject. They also sugrested
I go ahead with the experiments end report any logieal conclusions,
Bell Telephone Labs., wers consultedj thsy to didn't kmow,

Hotet For the letters mentioned and others, see "Letters inm Regaerds
to Project,
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1l.,~-All apparatus placed in proper positions and checked,

R.==New batteries inserted in the light assembly.

g8.~-Balance is balanced out as accurate as possible,

4,=-llagnet adjuster, with magnet, is placed in position.

Se.==llagnet 18 adjusted to proper height by means of adjuster.
The magnet now produces a "pull” on the balamce, creating
an unbalancing force,

.-Balancg a re-balanced as accurate as possible, compensate for

7o
7e=~Photographic paper placed on recording apparatus.

8.~Motor turned on.
9,~=Light assembly turned on,

10.~Apparatus observed; if functioning correctly, experiment
continuesy if not, the mal-functioning part must be corrected.

1l.~Radiation source opened and placed in position.

12,~After the proper time has elapsed (20 to 30 minutes), radiation
is covered and removed.

13.~ilotor and 1light assembly turned off,

14,-Unused paper put auay.

15.-Used paper processed, e
16.-Results observed and studied,

ROTEs The entire experiment is carried out in & darkroom under
red safelights.
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METHOD (page~-2)

lanathons

Ag has been mentibned before, the magnet oreates a "pull®
on the pan of tﬁa balance, This is compensated for by seale
adjustment, ~te, Now we have a balance affected by magnetic stremgth,
but still balaneed, 3adiation is then introduced by plecing the

gource underneath the ma. net's center, If the result is an increase

" in magnetic strength, the pam will be attracted dovnward and the

opposite end of the balance will rise, including the light assembly,

If the magnet's strength is decreased, them the opposite is the

résult. If there is mo change, everytninz remains the same,

In any event, any variation could be observed on the photo=
graphic paper. For example, if the strength inereased, the light
aéeemply would move upward and, there ore, the exposed part of the

‘paper would be at a higher elevation. The opposite is true for a

decrease, etCe.



I, Magnets The first and primary piece of equipment is & common
horseshoe magnot, I picked a fairly lerge one so that any results
would be easier to observe, The magnet used was one of weak
strength, as too -reat a strength might damage the balancee

II. ¥ {usters This 1svthe apparatus that adjusts and holds
the magnet, It is a s;mple gear assembly mounted on & base.

An old-type burette clamp is mounted on this gear system and a
magnet holder has been attached to it (the clamp). 4 dial
has been included for recording purposes,

IIT. Balances This is a standard triple-beam balance, accurate to
better than 1/10 of a gram. The material directly under the
pen is sn alloy containing e ferromagnetic substemce, suseeptible
to magnetic attraction, The magnet "pulls® the pan dowm.

IV, Balance Light Asgemblyt A set of batteries attached to a flash-
light bulb in a tube is the basis of this piece of equipuent.
The tube is teped up and a pinhole is poked through the fromt
to provide a fine 1ight beam, If the balance's pan goes dowm,
the pointer and light assembly will rise, etce, The welzht of
the light assembly is compensated for by a 50 grem weight
on the pan and by ninor adjustments,

V. Eymographt The kymozraph's purpose is to provide a permanent
record and s method of "viewing" or observing the experiment
without having to be near it, This was necessary due to the
high energy of the radiation involvedj one could not come
within three feet of the exposed source,



APPARATUS Paze=2

V. Kymorraph (cont,)s
The apparatus con:ists of a one r.p.m. motor om which is

mounted a 38 mm, cartridge film spool. The motor provides a
gsource of power to fairly evenly move the roll of paper
(photorraphic) from the spool (A}, around the nail (B) (which
serves té keep the moving paper near the light =t all times),
and pass the cartridge (C}. The pressure roller assembly (D},
sug-ested by Jules Morits, places & pressure om the certridze,

_ the friction involved foreing the paper to flow.

Vi. Badiations The source is a 45 millicurie source of Cobalt 60,
provided by Radiologicel Defense, Californis Disaater Office,

VII. Processing Banst The_pan with the rollers was construqted to
easily and efficiently develop the experiment papere The other
is merély for the fixer (bypo}.

VIII. Solutionst These are mersely the developing and fixing

solutions used,
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CONCLUSIORS

All three experiments resulted in a conclusion of no variation
in the line of exposure., From this data (explained in Chapter X),

the “ollowing conclusion can be mades

A 45 MILLICURIE COBALT-60 SOURCE HAS NO NOTICEABLE
EFFECT (WITH THE APPARATUS USED) ON THE STRENGTH OF
A _WEAK HORSESHOE MAGNET,

This conclusion is tentative as it is based on only three
experiments; Many more experiments must be conducted before a
definite conclusion can be made (the reason more were nos
performed is that the radiation sources are on a. tight schedule

and it 1s difficult to obtain sources}.

In Regards to the Variation in Exposure:

The variation in exposure 1s due to light intensity. The
buldb was checked before and after each experiment and found to
be in good operating order at all timesj therefore, the
variation must be due to battery depletion,

The observation regarding light intensity was completely
unexpected. As sll three observations were somewhat different from
each other in regard to light intensity, one cannot conclude

anything from them without performing more experimentation,
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An explanation for the variation may be that this is the normal
action of a dry cell under prolonged use (it ddesn't have time to
recharge itself}. It is possible, however, that the radiation
itself may have had an effect on dry cell 1life, When the cells
were checked several days later, however, they were found to
be a8 good as new. Apparently they had recharged themselves.

The sugzestion of radiation effect is one worthy of further
research and, perhaps, experimentationy the author plens to

study it further.



XII
A MORE ACCURATE METHOD

The apparatus and method previously describedaig fairly crude
ag it Qould teke a substential percentege increase or decrease
(prorably 15-20% or more) in maznetic strength to produce any
noticeable veriation in the position of the bzlance's p inter.
This mesns that a variation of smaller magnitude could not be
detected, For this £eason, a more accurate method must be
perfected,

1 have decided to employ the phemoema phenomena of induction
end the oscilloscope to bring sbout ineressed accuracy.

A.coil of many turns (100 plus} is placed between the poles
of a megnet and put in motion (the coil 1s)} to induce an electric
current, The coils leads are wound sround the outside of the
motor's shaft to a pair of brass washers. A pair of brass
"teke-up” terminals will be placed touching the washers so as
to pick up the current. The circuit continues to a-yicroammeter
(to measure the amount of current},ffd then to a resistdr (in the
neighborhood of from § kilo-ohms to one megaohmy its function
i3 to resist the current and thus emplify the voltage), and
finally to an oscilloscope. In other words, the voltage induced
by the magnet and stepped up by the resistance will be fed to
the external vertical input terminal of an oscilloscope, where
a faily constant pattern should be seen. Setting the vertical
attenuator and its most sensitive setting, any tiny variapion in
voltage will produce a noticeable change in the displayed pattern.

Thus, when radiation is "shot® through the magnet, any effect it
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(CONT,)

may have will be shown on the oscilloscope screen. The variationm,
if sny, in magnetic flux will directly very the amount of current
and the voltage being graphed on the 'scope screen.

With this method, it is posesible to detect variations much
more accuratelyy however, this is still inaccurate apparatus
for ar experiment of this nature. ‘

The author will attempt to continue his research using the

method discussed above.
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