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CBJECTIVES: To investignte the effects of lov frequency radic waves on
viable seels of Zew maire, &8s a function of frequency,
intensity und exposure length,

SUMMARY OF RESULTS! |

A. Btnq. stert of project.

Work on irradiation of seeds hos Deen nearly coupleted with
the sxception of further exploration in the 20 megacycle region. The
studies e.t $000 cycles have been completed with bdoth Golder Bentanm and
Ear-Bred varieties of seeds. The statistical breakdown of the results
o2 Golden Bantem was given in the last remcrt, Work on the Ear-Bred
 bweds 16 #o siniler in results thot the test series camnot be distine
guished from ench other. Tesla coil irrndiation was carried cut ot
frequencies of 125 Ke, INT Ke, 175 Kc ond 200 Kc.. No differences
between soad varieties wvas observed bere. At none of the obove
frequencies con any statistically significent lethal effect de
dononstratel.

It vas dMoped that work at higher temperatures nmight iead to
further information. The frequency series noted nbove have been
reproduced at M7°C and at 55°C, but here aguin there is no relicdle sign
of & lethal effect dve 0 the fields. The fields used have bLeen opplied
for periods up to sight hours, end with inteneities of up to 10,000 volta
per centinmeter.

A polnt of some interest with regard to prolonged exposure to
high fields is the negligible rise in temperature observed in the seeds,
¥ith a knovledge of tha freguency, t}tulpntton factor, ord dielectric



constent, it is easily shown that teuperature risee of the crder cof 5°C
_mmmh expected. However; in no case has more then 3°C for o
total period of eight hours becn observed. This is due to the limited
validity of the commonly used method of calculation, which assumes

" {sothermel conditions, vhich spperently are not existent within ithe
seeds,

The caly important changes of tempsrature have been observed during
irradiation st 50 cps with an effective field of 60 kilovolts peck.
Under these conditions & rise of 22°C was measured after a 2 hour
exposure, contrasted with the calculated rise of TH°C.

* The {nitisl work on the medsurements of dielectric constants and
_aisstipation fector bas been extended to the frequency range of
10 negacycles. Thie is ﬂwﬁ for Golden Bantenm st room tepperature in
Pigure 1. No siguificant discontinuities may be seen in these curves,
.nwmmmmm-orhmmmunmtﬂe
reedings rether varicdle. At the low frequency end ot the curves the
rise of dfelectric constant and large increase 'in dissipation factor s
common to doth varieties of lecd.,. although there is a strong temperature
dependence vhich largely rewoves these increases at low touperatures.

B. Curremt periocd. .' |

Clear cut lethal offoet'i are produced vhen the seeds are exposed
to 20 megnoycles at 800 volts rms for pericds of 4 1/2 hours. fThe
heating effect under these conditions ia pronounced.

Measurements of dissipation factor versus frequency as n function

of temperature have deen extended to 10 megncycles, and the two varietiers
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of corn conpared with sunflower seeds. Pigure 3 shows representative
curves. Mecsuwrensnts wvere also pads to'm dehydratid seeds with
those fromen. Pigurve 2 shows clearly that freesing and dehydration heve
sizilor effects on the dlntpsﬁon. factor,

The quantities measured during the past and present repors periods
have beosn used to construct gruphs showing the variation of equivnient
perellel ntim with frequency. There £s & close sinilerity between
these curves for various conditions, os shown in Pigure b, Two
elwctrical models have been examined, either of which may give curves
simtlar to those f1 “‘tgure W,

Continued search for e substance nom-injurisus to corn, with a
very high dielectric strength, and low dielectric constant, has been
unsuccessful so far. |
PLANS FOR FUTURE:

Dmmedicte: A recrrangement of the temperoture control system
nmdlng the dielectric measwrement cell is most desirable to reduce
the effects of leod inductance at high frequencies. Wwhea this 1s
accomplished {t {s hoped to repeat most of the curves vhich have
qusstioyadle points to. obtain better consistency in the data.

If equipment bdecomes availadle, the work will be extended to still
highar frequencies., It is hoped that we may obtain continuous curves
of dissipation and.dhhctrtc constant at several temperatures up to
1000 magnacycles,

With the improved data, curve fitting experiments will be under-

token to select a good model to explain the curves of parallel resistance
«3a




vs. fregquency. Measurements sust also de mude to determine ‘whether tic
dapendence of IC resistance on field strength is non-ohmic.

Long Renge: The frequency spectrum will be exnmined for evidence
of wmolecular adsorption. s hkl) also try to gather infoymation oo
tﬁ charge, mobility, and pertaps sreciss of ions responsible for the
1ow frequency effects observed. |
DETATLED PROGNERS

Investigation of extremely high field effects hos been hempered
by the lack of a good dielactric. It is necessary to immerse the seeds
in a dislectric, exjoese them to the field, and then remove the dielectric
and germinate the seeds. However, the materials tried have had mnifommly
bed effects on the germination. 7The corbination of lov dielectric
coustant, high dielectric strength, and no chemical effect on the seed
is availabis with some transformer potting metorials, for instance, dut
these pose the serious difficulty of removal 80 that germination tests
may be condv-ted, Nost of the organic solvents have domaging effects,
Various transformer oils have shown the most promise, but these seen
to penetrate the seeds and kill them. It is hoped that we may secure
" some samples of Eigh-boiling Preons or similar substances to continue
this vork. |

A verisble frequancy oscillator which will produce 200 watts CW
became cvailadble and has been used to irrndiate the seeds at higher
frequencies. A series of preliminnry tests at 20 megacycles shovs h2%
germination for seeds exposed b 1/2 hours at 800 volts rms. This is in

contrast to the standnrd germination of 964 for these seceds.
. -




Unfortunately no record of the metual tempapeture attained was taken,
although the seeds are quite hot to the touch after the exposure. ¥o
sign of scorch or burn was noticed. These results have not yet been
thoroughly investigated dues to the arrival of a General Radio Type 821
Bridse. _

This bridgs has nnde it possidle to extend the range of our
measuresents up o 4t least 10 megacycles, although nominally tbey could
8> to b0 megacycles. Bcwever, it was found that the points obtnine;l at
rauges sbove 10 megacyclss m-_manctmuty, dun entirely to the
varistion fn lead {nductance m experiments. /s presently consti.
tuted, it is necessary ¢o run & selfesupporting perallel line from the
bridage terminals to the dielectric test Mur. The test condenser
pust de severnl inches from the bridge, due ¢tc the arrongement ¢f the
beating end cooling devices. The unavoidable movement of the cell end
temperature controls tetween filling and emptying the cell has produced
changes in the infuctance, vhich though small, have an apprecicdble
effect on the measurements at higher frequencies. Ceneral Rndic does
furnish sn elaborete system for corrections, vhich bave been applied in
some trials, but these are still not too reliadble, at least abeve
15 megacycles or sv.

Grephs 1 and 3 indicate the form taken by the dissipation factor
as a function of changing frequency and tetperature. We are not too .
interested in the variation of the dlelectric constant at the present
time, although of course the' data for its computation is available from

the dissipation factor meansurements.
-5-




It has Deen cbac2ved in all cases thot heating snd cooling the
u_adl has & strong effect ca the 4dissipation factor and a moderate effect
oa the dfelsctrie constant. The magnitude of the change in dissipation
dependa not only oo the temperature tut on the frequency at wvhich the
neasurement is taken. Pigure three indicates hov the low freguency-high
temperature curve rises adove that taken at roughly rocm tesperature,
wills at higher frequencies, the room temperature curve becomes higher.
There is no spparent mathemetical relationship here between change in
dissipation and change in tempersture.

During this pericd we also cbtained n Bownton 160-A "Q-meter” for
ehetingﬂl results of the two Uenercl Rodio dridges. This instrument
Bas & useful renge ctrruu50'ircto15umhn, although as previously
mationad, lead {nductances prevent good readings at the highest
froquencies. One of the most useful benefits of this instrument is its
adility to bridge the transition tone botveonth; upper range of our low
Zrequency dridr end the lov fregquency renge of cur high frequency bridge.
Both dridges are slightly unreliable at the extreme ends of their ranges,
despite the corrections offered by General Radio Ccmpany. We nov have
data which is perfectly relinble in this truneition zone, and scae of
{t 1s used {n plotiing Pigure A, '

At the sexe time it was thought useful to try suoe coupletely
different type of seed, doth as to chemical cemstitution and shape,
Sunflower seeds were selected 8s being a useful type, since they differ
in size and shepe and are hecvily loaded with natural oils, as contrasted

to the starches of corn. PFigure 3 shows s dissipation factor curve of
.




surflover, os a functicn of frequency. At higher temperatures the
dissipetion factor rises jJust as in comm, however the nognitude cf this
change is ronsiderebly larger. We heve not yet tested the sunflover seeds
&t low temperatiu.es to coopare with the cormm wvalues. -

The original assumption, that perhaps increased thermal energy might
Le freeing molecular dipoles for easy reorientation, appenred less likely
due to the 1ack of any specific frequency band. And, or course, at low
frequenny renge where the dissipation factor inecrenses markedly, it
seemed quite unlikely that this was a melecular effect. During a search
for a suitadle explanation, a poper ty J. Ross lhebcnuldl appeared which
offered some interesting possidilities. This paper develops a theory of
bebavior for Ac characteristics of either sovlids of ligquida vhich contain
charge carriers bBut have blocking electrodss. A general solution is ‘
given for the admittance of such materials, and useful comperiscns are
made uith other similar theories. The quantities used in the calculations

- O T T TR
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are in most coses availadble fyrom our current data with the simple
excepticn that we dave been using equivalent resistance where MacDonnld
uses eguivalent conduciance. A somewbat more important difficulty was
discovered in fiuding the limiting high frequency value of condustance,
since as previocusly mentioned, our high frequency measurements are not
good. There was also a minor problem in measurement cf DC capacitance
of the dielsctric cell end seeds, but this hos been sntisfactorily
approached by extending bridge messurements to 30 cps and then
extrepolating. Thus we have made a prelininary greph of parallel capacie
tance/DC capacitance, but have so far been unable to do this for the

conductance ratics.




The importance of deing adle to counstruct grephs of this ¢type
lies mmmmwmhmmnmxchemmxm
shape of the curves, and these parsmeters directly relate to the ion’:
conditions within the seeds. BSatisfactory completion of these messurementt
would give us charge, sign, nodility, diffusion constants snd perhaps
valences of the mohile ions within the cells of the seeds.

It vas at £irst thought thet esrtein reticnal essumptions pizht be
aade concerning scme of these values and curves calculated to match the
exparimutally derived curve of capacitance retio mentioned above.
However, this involves scoe formidable computation and personal comemnie
cation with MacDonalld reveanls that this type of work is dest dome om
couputing mechines, such as the IBM card programmed calculator used for
his vork. During this period it wns also found that a plot of equivalent
parallel resistance against mmy on logaritinic coordinate paper
gave a rather sensitive method of detecting deviations at any frequency.
Figure b shovs this type of greph and illustrates that a straight line :

S S e o ST v -

relationship is shown adbove a certain frequency for the experinental

cases, It is also to be sxpected that RP against fregquency on log paper
vill give u straight line, provided that the dissipation factor remins
constant. Thus we may easily see any changes in dissipation factor.

A peper by Kallman, Kramur, and Per!mttera has coffered some further
possidilities for explanation of the lov frequency results. Their
peper on AC inpidance measurements in luninescent powders describes .
changes similar to those observed by us as ¢ function of terperature.

They ascribe their observed results to the fact that certain portions
Be




of' the powder remain relatively nonconducting (mainly the surfaces) vhile
the inner parts may decome conducting under the irflusnce of exciting
radistion. In the case of the seeds,of course, it is assumed that
ctarge carriers ave increased in modility by increasing the tempersture,
or that the total mmbter of carriers has incressed. The analogy is
resaocnadbly good, since the seed hns o practically non-conducting surface
vith a feadly conducting interior.

Kallman et al. furnish curves of tie variation of Q with exciting
rediation, vhich show a pronounced minimum. Our curves vhen tronslated
into this form show a continuous increase dut no maximm ot the
tanperatures so far attained. (The curves are inverted due to the use
of equivnlent parallel resistance instend of series resistonce). Their
thm of this is that § vould de high for low conductivity,
dacreansing vhen conductivity degins to increcse end rising agnin when
the meterial decones strongly conductive.

In order to odtain further informetion, a series of experimental
points were takxen for Ear-bred seeds at room temperature, at -14°C, and

'km. for 2 weeks, The results of

after dehydration in a vocuum of 10
this are showm in Pigure 2, vhere {t may be seen that the fregquezcy
characteristic of dissipation factor at freezing temperatures is almost
identical with that taken af'ter dehydration. There is still a trace of
lov freguency rise but far less than that obeerved in the normnl seeds.
When these values are translated to parallel resistance they appear as
shown on Pigure 4. Eere it pay De seen that the dehydrated corn follows

nearly o straight line ot all frequencies, indicating little change in

the internal conductance.
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The shape of the equivalent parallel reeistance curves vs frequency
suggested that ap sttempt be mads to ford an slectrical model vhich
would perbpas explain some of the cbservations. The simplest procedure
is to consider tvo seeds in contact. This gives us & comtact resistance
R, and » capacitance Detween the two of C;. The internal resistance
of one woed is R, and its self capacitence is Cp. For generality, a
provision should be made for as inductive term, L. This type of circuit

Ca ¢
is shown here: -t
— ! ¥

s, . TS SRRV V. VYRS . PV VPV T

Mcqlm.mniontornrmulumm included 18 a
bit too unvieldly to include here, bdut certain reasonable simpiificaticans
may Yo wnde, depending on the interpretation of the model. If we
select Ry, Ry and C; omly, the expreszion bdecomes:

Ry = Pmalcf o (8 + Rp)?
& X3 + (R + Ry)
When we include the sbove terms and 8dd C,,, ve find that:

Ry R, + 6 + (B + B)°
;F(nl@ + a?(nlﬁ) + (R} + Rp)
The final possidility for this situatiom is with only €y, Cp, and Rp,

wvhich gives:
Ro=_ 1 el c)?
- ,
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' 34 any case, thess expressions may be used to give curves siwilar
to thoss {n Figure &, whon vsed with & Judicious selection of constents,
The major facter of fwportanss for us is that vhen R, is decreascd, we
@t curves vhich shov a mn,u $ov frequencies, which duplicates
ths experix nially cbserved situmiion When the seeds are hHealed o sre
in & nca-datydrated condition.

CONCIUSIONS OF CUNRENT PERICD:
mmxmmmreonmhmmmummm
probedly Ave culy to hesting, Atmmmmmam _
measuremants, the groatest probadility is that the cbserved effects .m
peexly all due to ionic conduction within the seeds. It &5 asaumed
thet the conduction mechanionm is very sensitive to amnll amounts of
witer, &s wémw large chenges in diesipatien factor produced by
freexing sud nosrly idsntical changea produced ty dshydration. No
] Sefinita statement Way yot Do mede on the changes in conduction mechanism
;._',. . produced by heating.

- The large increases in dissipation factor and the increase in

dislectric coustant at low frequency are thue due not to molscular

reorisntation but fonic polarization effects.

e ——————
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