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1bstract

| Exbésutg to an‘extfehely low issguency’}.o} Bz to 100
Hz)?é;ectronaqnetic field has been shown to cause changes
in instruneﬁtal';nd oéen field behaiiour. These changes '
counld be explained by alterations in emotionalvlability,
Remory, of learninqvpr0cesses. Different effects have beeq
shown for animals e:poseﬁ‘at different ages,—These- three
--possible exp@gnationsiand the age effect ké e investigated

by'exposinq tvo age grdﬂbsrof'raté to a 0.5 ﬁi{fluctuatinq
-and rotating iaqnetic field{kahirtyvyounq male.(250 qm}
rats and thirty old (retifed breeéer) rats; at 80% ad lib;
veight were pre-trained for two séééioﬁs(on separate davys
in an inhibitory (DRL 6 second) operani-tgsk {rlus one day -

~

magazine training) and then exposed to either the maqnetic«'
Qo ’

ield generated by rotating horseshoe maqnets,‘or to a

7"§han" field using lead slugs in the place of, the maqnets.\

‘Except v¥hen testinq operant responses, the alimals wvere

s k;pt inﬁthe'fielé-cdndition. After 72 hours in the field
auay;ﬁgon the operant task, the aniials ierg»alloved five
daily“sessions-unéil 160 reinforcements each day were
earned. - Measures weré taken of the number og’feCél boluses
pioﬂucéd,xai,elotionalitq neasnreL,Wthewtinei¥akanﬁto earn
the reinforceaents, and the response latepcies while

.
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vorking for reinforcement. If memory ias‘affected,'

differences iou;d show on early re-test days, and if

learning was affec%ed,_diffeienées would show on later

re-test days. -

In fact,.differences‘befveen experimental and cont:AI
groups on learning, memory, and emotional lability were in
the prediéted direction, but failed io reach staStical
: significance (p>.05), Soig of the possible intervening S

variables that might account for thiS»failufg'an discussed.
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'INTRODUCTION

v

Electronaqnétic Phenomena

The bioloqicai 6fqanisnsis an electrically active
creature. Ali‘célls qeneréte electric potential§; vith a
dif ference in charge across their cell walls due to ion
concentration differenCes; The centrai hetvous.syéteﬁ iq

animals controls much of the body with signals tranSmit}ea

by means of this electrochemistry., This is the quickest

messenger system in the body, being almost instantaneous in
coamparison to the hormonal/cardiovascular system. Electric
Tate magnetic fields, the strenqth of which

4
ximated with the Maxwell equations (Konig,

can be a
1974). With shielding of ambient méqnetic fielﬁs, the
bodiis magnetic signals are ueasurable at a distance with a
naqnetoencephaléqran, or MEG (Hilliansbn s,kaufman, +978) . |
An active_hu;an brain qenergtes eiectromaqnetic siqnals in

the 40 Bz ranqe (beta activity); the relaxed human produoces

‘siqnais in the 8 to 12 Hz range (alpha rhythm), and thé déep

'éleeping»person shogsﬁe}ectrieal activity in the 4 Hz and

lower frequency range (delta activity). Even lower
fteqh;néies are generated by qlialhcellsfof the nervdus

systen.; These siqgnals are in the 0 (D.C.) to 1 Hz raﬁqe.,

y



surrouhded-by an electrically charged ionosphere. 'Movement

of air‘cutrents'in the atmosphere creates changes in the

- as well as other regular cycles related to planetary
&

Electric and magnetic phenomena in the environment are

"also numerous., The earth functions as a magnet and is

: ) R
electric charge, normally about 130 V/m positive at.ground

‘level (Polk, 1374). These static electric charqes can vary

~ | | - 5 |
from 3000 V/m positive to about 1500 V/m neqative. There is

also a decrease in static charge ¥ith elevation (Polk,.

1974y, | | — » L e

The earth's normal magnetic field of 0.6 gauss ("qauss"'

and "oersted" are measures of. maqnetlc fleld and’ flﬁx

//
-

denSLtY uhlch are equlvalent in air; for the purpose of this :
paper, they may be used 1nterchanqeab1v since the in _I'ty ‘ -
dlfferences in blOlOQlcal systens are very small) 1n

temperate zones, also varies. Electromagnetic variation

follows a diurnal c&cle, lunar (28 day) cycle, annuél cycle,

movements, etc, It also>varies irrquiif%y in association

-with sunspot activity., HNorth- South dlrectlon of the

‘eazthls fleld also- revefses xtself(pertodrcaliv*teverY*QGG -

years).

\
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E@ectronagnetié Variables

Charged Particles

The air dontains‘théuSandé of ions in every Cuﬁﬂé
éentiletér.' Thede ions can be éither pdsitivéiy éﬁarﬁed dr
7._neqat1ve1y charged. The prbporfibﬁs and coﬁcenirations of

- the snaller of these ions may affect our qeneral health and’
5VPSYChOIOQlcal states (Soyka, 1974y . ‘Slnce the metabollsm /;J

uses larqely the 1on1c forn of most minerals (e.q., sodlun,

potassxun,\ca101ua, etc.) and other bodv chemlgals, a

potentlal/connectlon betveen air ions and phy51oloqy aexists

(Kreuqe;f 197?).

’Electromaqnetics » ' .

A _
The electromagnetic spectrun ranges from pure D.C.

(constant) fields, to flelds uhlch fluctuate at frequenc1es

bllllOﬂS of cycles per second. Ph751cxsts br;ak these

-

frequenc1es dovn lﬂtO band ranqes ‘as shown in Table 1. For’
the purposes of thls paper. ELF Hlll be deflned as

frequenc1es betueen 0 ~and 100 Hz. lifwh -



BAND

Extrenelv 1low frequency
(ELF)K

Super low'freqneucy
(S1F) .
Ultra low frequency
(ULF) Tt s
. : -
- "Very low . frequency

(VLP) :
Low- frequency .
‘(LP) ¢

Medium frequency
{MF)

High frequency
(HF)

kVery high frequency
(VHF) _

Ultra hlqh frequency
(DHF)

Super hlqh frequency
‘(SHF)

Extrengmy hlqh freqnency
,(EHF) o .

~

TABLE 1

&

e

' FREQUENCY BRANGE

3 Hz to 30 Hz

30 Hz to 300 Hz.
300 'Hz to 3K Hz

3K Hz to 30K Hz

30K Hz to 300K Hz

300K Hz to 3 MegaHertz

\

3 MeqaHz to 30 MegaHz

*

30 MeqgaHz to 300 MegaHz’

300 MegaHz to 3 GigaHz

3 GigaHz to 30 GigaHz

30 GigaHz to 300 GigaHz




The waveform of r@diatioﬁ’iﬁ‘théEé’hands may take many'
shapes, such as sinusoidal, peaked, square wave, Or
irréqular. These foras may be mixed and modulated at

different frequencxes. The nodulatlon may be in amplltude,

frequency, or pulsed.

Atmospherics consist of all frequehcies of

- electromagnetic waves, but geophysical phenomena serve to
attenuate sone freQuenciés and accentuate others.”  Notably,
electfonaqnetic phenomena in two ELF frequencies, dboﬁt 10
Hz and about 0.5 Hz, follow distinct daily rhythms. The 10
Hz fields are assoc1ated wlth the wavequlde characterlstlcs
of the ionosphere and ground and are called "Shumann
resonance" waves (KonigJ)197u)._ Tﬁg 0.5 Hz waves have as
vyet no identified resonator, though this“freguenCy would
generate A,vavelength abou£ equal to the lunar disténce.

The relationship of lunar distance to 0.5 Hz fields will be

discussed later.,

The presence of regular magnetic or electric waves inv
the frequencies approximating many rhythms of biological
phenomena at the molecular, cellular, organ, and brqanismic
1evéls suqqests the possibility of an interaction betveen

the phenomena that could affect the organism (Persinger,
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1974), ﬁost organisas have a specific mechanisa, tﬁe visﬁai
sy;ten, capable of direct response”to a limited range of the
electronaqnetlc spectrua called visible light (400-700 ‘M),
Indlrect response to electromaqne+1c phenomena is p0551b1e,
such as varming from infrared and mlcrowave, "erythema from |
ultraviolet, and.ChromOSomal chanqeé from x- ray and higher
frequency radiation. The physics of the mechanisms.
underlying these responses is well understood. .waeve;,
response to the lower frequency elecéronaqnefic_phenoméha,

. S
which is normally‘of much lower intensity, is not well

understood. Although attentuation of ELF radiation is low

{Taylor & Sao, 1970), and penetrability ié high, it seenms
implausablé a bfiori that an‘énerqy source in the mV/m range
could siqnifican;iy affect phenomena such as cell wall
potentials in the KV/m range, However, a qrowiné body of
data suggests such effects do indeed"occurrthouqh the
mechanisms remain, fof the most part, to be elucidated.

Some oflthe effects of D.C. and ELF maqneticé w}ll now be
considerédf Of particular interest are those
electroméqnetic field érequencies associated with biological
phenomena, especially those of the brain. Komnig (1962,1971)
:entions the Similaritylbetween_the anbient 10ﬁz maqnétic
waves and alphé EEG patterns, and betweénAB to 5 Hz Qaves

and delta wvave EEG patterns. At the same time there is a



Fa

marked siaiiarity betveen thé_under 1 Hz naqhetic waves and
t1ial cell "p.C." potential fluctuations. Rowland (1968) has
co:felated this slow brainquial cell poteqtial-system uitﬁ
learning ﬁnd storage of information. Hyden‘and Lange (1970)
,report that the al;;nt of 5100 proteiq in the brain
Aincréases in trainéd’aninais-and is specifically cOfrelated
‘with léarninq. The S100 protein,is'nainly a glial cell
protein,~but'aisqﬂoccurs'in neurons kHyden,E‘HcEwen, 1966);
A_link between glial proteins in cells active at freguencies
below 100ﬁz Suqqégts a possible link to the effects of

electromagnetic fields of similar low frequencies.
Response to Magnetic Fields

Birds have been shown ta ﬁsé magnetic fields for

naviqation (Southérn, i97a; #iltschko & Wiltschko, 1975).

In some animals, the response to the’maqﬁetic fieid todk
vprecedénce over the positions of stars for direction
control. This response denonstiates aniimmediate
sensitivity to the earth's normal field, _Reille {1968Y)
shovwed increased heart rate in pigeons in response to a 5
~s;cbqg>0.15 gauss field éctinq as a donditioned siimulus for

a 0,5 second shock. The effect was absent in 300 to 500 Hz

/_\_\\ R - - - B
/  fields, weak in a D.C. field, and stronger in 0.2 to 0.5 Hz



fields. Wever (1974) found that citcaﬁidhrrhvthlg in humans
living in a ;aQnetically shielded fSOa'uere’disrupted.
Synchrohv‘between various body functions (kidpey activity,
temperatnre'andhvakinq/sleepinq'cvcles, etc,) was affected.
Liqht/dérk:ches aione éould not keep these peoﬁle entrained
on a normal cyé{g; In réons shieldéd'for’all but the
naqnetic field,’désynchrohy did not 6ccure An artificial
continuous 10 Hz field prevented desynchrony, and
entrainmeﬁt to a periodically qperatin§'10 Hz field was
pgssible forzon/off cycles from 23.5 to 26 hours. VWever's
field was a D.C., field turned on and off 10 times per

second, producing a square wave sidnal.

Bawin (1974) exposed cats to a VHF (147 neanertz)
field amplitude modulated at various ELF (i.e., 1 - 25 Hz)
frequéncieg. The cats exposed to 1 to S Hz nodulatioﬁs
shoved increased somnolence, while those exposed to 16 = 20
H?liodqlations exhibited faster EBGﬁgnd qreatér agti#ity.
The unmodulated field produced no'é%fectsi suggesting that

the ELFP component alone vas tesponsible for the effect.

R



:Atnospherics are:electro-aqnetic vaves Caused bvv
geoph751ca1 phenomena such as- weather, season, and sunspot
1~'!.e.1<:11;11|r1ty. Type I\tklogiherlcs are requla: sine uave signals
of about 39 Hz, and‘type'II atmospherics are irreqular sine
wave-shaped signals of 3 to 5 HZ. Konig 960) tested human
reaction times 6fvthpusands of subjects during the 1553
Munich transport exhibition while measuring type I and II

atnospheriés. Reaction times increased during t?pe 11
siqnals and decreésed'durinqlfyﬁe'I activity. Using
artificially created fields of similar fréquencies. the same
_ results were found in the lab. These increased reaction
times during periods of greater tyée I (3-5 Hz) acﬁivitv ére
concurrent with the findings of“!ilson‘(197u).' He exposed
humans to D.C. fields of 5 to 17 qauss, agd‘tq différent
pairs of - frequenc1es betueen 2 and 12 Hz. Nq differences
v(fron controls) were found in the D.C, field, but with each
case "the hlgher frequency in each palrlnq produc1nq slower
reaction times", Hamer (1969) confzrmed the inverse
‘relationship between frequency and :eactlon time using

electric fields as low as 0.002 V{(rmes) across plates 50 cna

apart.: _ _ ’
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Dubrov (1974) noted a close . relatlonshlp (no -

, correlatlons calcnlated due to the natnre of the data)

between uelqht chanqe or lethallty from exposure to donizing -

L8

- radiation and»neasute5~of the geonagnetlc field such as

deélination, horizonial strength and change in the vertical
component of the field strg?qth. Tane&eva et ai. (197W)
found s;qnzfxcantly exteaded lifespan and 1ncreased -oxygen
uptake during overheatan and suhcool1nq 1nrcrustaceans J‘
(antrenia saliné) exposed to a 1050 Oe. maghetic field.,
They also found increased resistance t§ the lethal efféctsb
of arsenic (1.6%'éolution) and strichine (O.i% solutioﬁ)a
Peréinéé:, Carrei, Lafrenie:e,~qndlﬂazzuchin (1378)
obtained 38 tissue and consuaptive ueasures‘of rats exppsed‘

to ELF (0.5 Hz) rotating magnetic fields (RHFs) and. to

different caging - (pre-exposure, post veaning) conditions,

These subjects‘héd also been exposed*forMB days prenatally
and for 3 days ﬁostnatally to eitﬁer'a O.S Hz rotating
magnetic field or a "sham® field ﬁsingithe magnetic field
generating appar&fus;vithout waqneti&s.' Interestinqlf; the
different caging conditions (plastic- tubs with bedding vs.

wire cages above bedding) produced significant Adifferences



a.
-

| oi'noréihéasurgﬁ fhan did théhiéﬁnetic fields. Hoié;er;
 serun tests‘shbwed sidnificgntfd;fferences in biood sodium
. - e )
chloride (not consisténtly in all'expetimehts) and calcium
changes in naqnétic.fielqleiposed rats {(as édults) compared
to controls (shanm qroupi.“vBegﬁéengthefIO-a T (Tesla,
1 Gamma= 10-5 Gauss= lo-gmfesla) and }péj T qroups, post hoc

“ . T :
analysis showed a significant difference, indicating a dose

»relationship., For serum GOT (qlﬁtamate oxaloacetic
fransaninase) measures a stronq interaciion between
postweaning cagigq conditions and field intensity was shoﬁny
Serum GOT 1evelsw;ver'£he u.figld-intensities plctted for
the 2 caqinqbéonditions vere a mirror iigqe of each other.
Thus caqind conditions producédvthe'éiagt opposite effect
for the field intensity in tvé caqing conditions., A
transaminase transférs an amino qroup.ffon an amimo acid to
a keto acid to forn another fdifferent) anino.acid; Since
“amino acids fora proteins, and ﬁkotein formation is
_associated witb learning, a potential ieChanisn for

interference with learning or memory is suqgested.

Greater differences were seen in animals exposed
perinatally to the 0.5 Hz field (relative to the sham field

controls), These measures were taken more than 190 days

-
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after the 6 dé} exposure, Alterations vere seen in fhylus
veights, testicle weights, GOT, LDH (1actase‘deh#dr;qenase),
and ﬁreavnitroqen suqqesiinq videspréad metabolic effects of
treatﬁenf. In Lrevious experiments with rats maintained at
80% frée,feedinq veights (Ossenkopp, §oltek, and Persinger,
1972), using a different strain of rats, 8 - 10 % increaseé
in testicle weight vere seen conpéred to'ﬁi'in.this
experiment, Thus greater and mdre numerous effects éte seen
in'aninalgiexposed perinatally than in aninals exposed as

adults, No perinatal exposafe/adult exposure condition'

interactions were found,
Behavioural Effects
Agqression

Persinger (1974), after exposing rats for 300 days to
0.5 Hz magnetic fields, néashred»aqqressive activity. all
23 instances of the presence of blood and loss of hair

{called "aéqressiie attacks") seen during five daily feedinq‘
Sessions were in the group. of 8 exébsed animals. The rats

exposed to a "sham" field showed none of these attacks.
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Open Field Activity

* S |

o

Normal rats placed into an openvfield areafshow initial
~ fear reactions (coierinq,'defec;tinq) folloved bvm'
exbloratory béhavion:. ‘Iith furfher‘daily'exposures to the
open field, ambulation {exploratory behaviour) beqi;Zto §

~

®

decline as familiarity with the area develops. This
Tesponse décrenentlvith repeated exposure to novel stimuli
‘is called'habituation*(reféreﬁce)ﬂénd is considergd-to bé a
rudimentary form of learning. Rats prenatally-exposed to
0.5 Hz maqnetic fields (Ossenkopp, 1372 and Persinger, 13969)
shovwed greater defecation and less ambulatory behaviou; at
2% to 25 days of age in each daily sessibn in the open field
Jthan did the controls., The differences, in bbth studies,
were greater for male rats than for females. Persinger
(1374) found adult rats exposed to the 0.5 Hz magnetic fieiﬁ
Showed less habituation to an open field (decrease in
anbulaiion over sessions) than controls, but the effect was
Seen only in\;éles.' The differences shown in the voﬁnq rats
V_ue:e ipter?feted as the result of increased fear of Fhe
‘novel environment, whereas the effect of field exposure‘in
the older animals could be seen as a failure to hecdme
familiar with the open field while repeatedly explorinq it,

~

Thus, in youuq\anilals ELF magnetic field exposure may
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ﬁrilarilv effect emotional response ehilelthe effeet on:
mature animals may also be aelearnieq decreneet. |
Pefsinqe£d41§7l) noticed fﬁat ratS‘expeeed peﬁinatallg
to a 0.5 Hz'naQnetic(field displaved more variance in open
field ambulatory behaviour than controls. He tested this by

“correlating ambulation with many enviornmental fac£0rs that
' }aried Qnrinq or after the time qf'expeshre; The laTrgest
4.(siqnificant)ecorfeiatran was wiﬁhwlunat»distance..ﬂo‘
significant correlatlons vere found ﬁor control animals

. Breeding anlaals ‘for parturltion at SpElelC lunar dlstance,
he found a 51qn1f1cant (t=7. 66. p<.001) correlatxon (r=.877)
bet ween medlan squares traversed and lunar dlstance at
birth,. in the exposed lltters,«lagts born closest to periqeea
shdyedrless anbuldtionrthan controls of those born:closer to
,apogee. This correlation demonstrates tﬁat the effect of
exposure to naqnetic'fieids1mav be dependent.oe.other

(subtle or unexpected) enviornmental influences,

v

Learning may be defined as a change in behaviour\uhich

results frou experience. ' Memory could be defined as the

retentlon of a 1earned respense from one time to another as
‘evidenced by the perfornance of that response. ¥With each

dallv presentation of the task both ﬂemorv (51nce the last

-

o

5
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.performance).and leaxnino are inpogtant,deﬁeininanpélof'
perfornanCe._Hith short (24 Hr.) periods between.
performanoes, Rem Ory is less afféctédoby decafoor
Eﬁierference than with longer (72 hour) pericds. Soame some
biochemical changes in the brain associéted with memory
consolidation take place between 24 and 72 houfs-after
,learniho (Geller and Jorvik, i970). if menory consolidation
were interfered with by thé'ldqnetio'fiéld, dif ferences
would be evident oh fifSt perforsance after the 72 hours
aoay frca a learning task. If learning were affectéd;
effeots would show up on all days as-failure to improve
(relative to contfols) over the previous day and especially
by the fifth day in the D;R.L; task (éee p. 16 for a
descripfion ofﬂthis procedure) beqinning exposure_to\the )
gield, =~ . -
Laforoe (unpublished, 1973) trained rats to press a
{ lever for a water reinforoer.‘then‘exposed them for us5
minutes per day for 2 days to an 800 gauss field of 2 Hz or
0.2 Hz;‘or to a consfhnt field.v.ihen re-tested,rthe 2 Hz
and.the 052 Hz exposéd rats shoﬁed fever lever presses. He
suq;osts a decrement in learning, while Persinqer. Ludwig,
and Ossenkopp (1973) suggest that the increased (competing)
activity as fcund by Persinger, Ossenkopfrvﬁnd Glavin (1972)

could account for the decrement in 1e¢er pressing.



In a'free-operan§ avéidanée situatiéh:(Sidnan avgidancé
procedure)'pregxand néonataliy exposed adult rats shduéd
féugr responses (théq controls), but received the sanme |
number of Shocks (Persinger & Fosterf 1970), Because ELF ,
véxpoéed‘ratsrshoued'inc;eased emotional behaviour in'tﬁé
open field,gxperimen@g, the author§'quqested the low;r
”"reséohdind -gsqdné”to‘"ﬁieezinq"irgsponses to the shock o
siqﬁal; This was tested (Pefsinqer,s.Peaf, 1972$1Hith a
conditionéd éuppression‘taskﬂiggladulf.réts‘exposed -
.’ﬂeqnatally to the 0.5 Hi fiéld). Initiél respﬁndinq shaoved
noreZCquitipned,suhpression in the C S (toﬁe)- B Cs
(unavoidable shock) intérval, but sﬁbsequent pair;nds
" resulted iﬁ similar suppression in contr%ls.. The _
experiméntal qréﬁp showed less reSbonsé‘burstiﬁq following ” e
the U C S (shock)- than'controis accounting for most of the o

N
o=

differences'in total feéponsef,hetueen the groups. rSimilar
>beHaviour patterns are seen in rats iith kypothyroid like\f <?\
syaptoms (é.q., Petier & Brdaahutst,‘1§62; Yeakel & Rhodes, - v
i9u1) and increased relative thyrqid wveights (and testicle

~weights) wvere fonnd‘infthe*rats,in the experiments discusged : ;,



gschednles of relnforcement,-most schedulq&ﬁfroduce tvplcal

~the D.R.L. schedulé to several inflnencessztlnulants,

&

When testing lea;ninq behaviour under differeut —

" response’ patterns mrostly’ dependent on the reinforceaent

contlnqencles. These schedules are: flxed rati o, (F.R.) and

variable ratio (V.R.), which teﬁarg'a proportion of the

responses; and fixéd interval (F.i.)'éndlvafiable!intervélff
(V.I.), whih revard as a function of time, and mix;ufesvand
combinations of these (,Fp‘rstéi, & Skinn,er. 19 ). In a
D.R.L.(differentiaily reinforcgd lovw reponse raie; tasi,
availghility of the reimfofcer is uithﬁé;é for a sefﬂtine.
period from the.pggvious'respogse. ;Foriéxaiple, in a D,%.L.
6 second sche?uie, if the animal waits 6 seconds before
respohdinq; he‘issreinforced, but if;he,:éspohdscbefofe 6

seconds. he must wait another 6 seconds from the time of that

_response before the response reinforcelent i.s avairable.

The D.R.L. 6 second schedule is a difficult task for a rat

: - 4
to master. In the interval between responses (I.R.T.), the
rat produces'nany response deiayinq behaviours uhich are not

primarily relnforced and so are easxly dlsrupted. Latris,

.Helss, C;ark, and Reynolds (1965) dlscuss the sensxt1v1t7 of

—

lntroductxon of other schedules, agé*gther factors). This

author (unpublished honors theSLS, 1974, cited b§ PerSinqer,

© 1974) trained adult rats briefly (two 30 minute sessions) dn
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'~ a D.R.L, 6 second or 4 second task, exposed them to a 0.5 Hz

o

.iagnetic field for 72 hours and then retested thenm daiiy on

the D.,R.L. task for 5 days. Except during the D.R.L. tasks
{30 minutes.dailj) and. veighing and feeding (3 minutes

daily) the rats vere maintained in the maqnefic fie;d area.

On initial return to the D.R.L. task, magnetic field exposed

%l

rats showed poorest performance {(measured by the ratio of

rtotal,responsés;/'reinforcehents earned). A control group

placed aiay froe the magnets in the same room showed an
intermediate ability (field was too weak to be measur byc
the available equipnentﬁ i.e.,sless than 0.05«qauss) vhile a

group exposed to a "sham" field (same equipment without the

'naqnets) and their control group {in the same room away fgpﬁ

thexshaa naqnets) showed the bestfperfornance on the D.R.L.

ltask. Theré vere no siqgnificant differences between the

" Jatter two qroups. Unfortunately, the design of the

experiment was not»balgnced, and younger aninalslused inﬁ
lafer experimentélvruns shoved‘comﬁletelvTdifferént“response
patterﬁs, é;apared to controls; suggesting a definite | J
age-dependent éffeét. The present study is an.attempt to

replicate and extend the findings outlined above.

~ . ; : . c e . g
Because of previous research showing differences in the

-effects froa exposure to 0.5 Hz magnetic fields in adult

+
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male rats (thyroid, testicle weight) exposed"perindtally
..compared to those exposed as adults seen'infthe experiments
by Persinger, and the‘sugqestion of an*aqe-interaction
effect seen in this authorfs research, it was decided to

4

test for this interaction on a learning task'in the present .

study,

A O.SAHi rotating magnetic field was chosen because of
the large number of previous studies showing emotional,’
physiological, and behavioural éffects,vith.rats at
different ages, and because of the regular occuré%ée of

ratural (and artificial) fields in this frequency.

iiTo"test for diéruption«éf memory consolidation as
,opp&Sed.to decreésed learnipq, a period auév*fron the
learning task i; neccessary. The 72 hour period was chosen
td be certain to exceed the 48 hour latency of menofv

consolidation discussed by Geller and Jarvik (1970),

Fécal polnses produced Qurinq‘an aperantisessionw
represents theramodnt_of enotional reponse 1in that intervai.
Pear,'qnqer, frustration and other eMOtional‘reactions
result in incr@aseﬁidefécafidn. Therefore, fecal boluses

should be counted.
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o ~ METHOD .
. 1. Subjects o o %
Seventy fiokmale Wistar albino rats were obtained from
the University of British Columbia breedinqréolony.'ﬂalf}bf
thése’(aﬁ rats) wvere 6btained in one batch, and were reti:ed»
breedinq stock (age estimated to be 50 - 150 weéks). The
pther‘36 animals werekobtained in qroﬁps of 6 littermates at
21 days of age. These animals were maintained on ad;iibitun
feeding unfil‘the individuals in the.qroup uei;ﬁedyzso to
300 grams. Six older animals ;ere then selected in a
stratified sawmple (tﬁesheaviest animal from each of th; six
¥eight ranges) and_piaced on a weight-loss feediﬁq schedule,
Each:anihal was'then &eiqhedvdailv, until the end of th;'
experiment, and fed a daily food rationb(aﬂ- 10 qrams)
during weigqht loss (except day 1 oflthe food deprivation
schedule). Two days after the olde;‘animals were bequn on
t#is schedule, the younger rats were also placéd on a
similar deprivation schedule, The feeding schedule was
desiqned to get each animal to 80% of the ad-libitum feeding
“weight at the same time. FPor thg(older rats, this was 80%"
of their weight at the beginning of the deprivation. For

the Youndét animals, allowance was made for growth based on



21
growth curves.extrapolated for each aniual,and,fron previous
normative data collected by this author. For example, onhe
rat began deprivation at a wéiqht.of 286 qtaas, and 80% of

this is 229 grams. After sixteen days, growth would

\animal's weight, without

normally be expected to chanqge this
food deprivation, to 355 qrams, and 80% of this is 284
grams, Thus the aninal would geiqh~essentiallv the same as
be did at the beginning, but would sti&f'ﬁe\gggd depr;ved to
a degree similar to the older rats, ‘(Seé Appendix III for

food deprivation fiqures.) All animals could then be trained

with a food reward.

Prior to dépfivation,‘all animals were housed in
qalvanized wire- bottomed cages. After the beginning of
deprivatidn, animals vere kgpt in plaséic tdbs (29_x 18 x 13
ce) with wire tops held in place with coil springs. Each of .
these plastic cages was surroundéd by white cardboard
barriers so that thé animals could not see the magretic
field épparatus. Although the deprivation schedule was maild
compared £§ that uSed in'ptevious expériménts, }n 3 cases
one of the old animals died,.shortlv after beginning, fronm
apparent digestive tract disordersf When there were six

survivors of each age group, 5 vwere chosen at random from

these exéept vhen one animal showed an unusual inability to E
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} .
learn the instrunentai task. All animals proved to be
relatively slow to'leérn the bar press resp;nse compared to
animals used in the author's previous research. Thus of 72

rats aobtained, 60 vere used in the exXperiment.
2. Apparatuas
a, Magnetic Field Apparatus /

A pair of horseshoe instruments maqnets (WVestinghouse
ﬁSAF-6269A)ruere ﬁounted horizontally‘on top of a table,
with the pole surfaces facing 20 cm apart. Thése Geré’
turned by a single 60#17reducinq éear motof (Bodiné model
NSI-12R) lpunted beneath the table, The magnets were turneq
in oppositevditections by toothed belts, (see Fiq. 1$.  The
magnets turned at 30 r.p.m. with each poie alteinately
facinq a like‘pole; then ah opbosiie pole;_ Ehislqenerated a
horizontally rotatinq'electronaqnetic field {(see Fig. 2),
which turned and fluctuated at 0.5 Hz, A 10 foot boardkias
sounted above fhe table between the m#qnets vith supports at
the end separate from the table, (Fig. 1). Thus, motor , .
‘vibratioﬁs in the table were not ;fanSlitied to this board
which vas used to hold rat cages during the experimental

phase of the research. The strength of the magnetic field
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Toothed belt

" Reversing gear

30 RPM gear motOTw—— |

Horseshoe magnet

d

Figure 1 Magnetic field apparatus

3
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Figure 2 Magnet rotation produces rotating magnetic field:
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~‘at the various distances ranged from 5.0 gauss (peak to

peak) to 0.05 gauss;

b. Operant Control Apparatus
Automatic control equipment was programmed to deliver
either a CRP (continuous reinforcement) or a D.R.L.

d low response rate) 6 second

L4

(differentially reinforce
échedule of‘teinforéemeht for lever pressinq in a standard
Skinner Box. ﬁeinforcers could also be delivered manually
from a hand heldAsuitch for shaping the léverfpress

_ , {
response, The operant chaamber {(Skinner box) was fitted with

‘a ndn-recessed food delivery cup so that the rat codld see

the 0.25 gram food pellet when it vas delivered as a
reinforcer, ' Secondary reinforcénent came from the souand of
the food delivery solenoid. This 10 inch by 15 inch qhamber

was enclosed in a sound attenuating case which was fitted

- with a ventilation fan. FProm inside the chamber the sound

of the operant control programming equipment could not be

heard.
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Automatic recording equipment produced a count of :

{a)

(b)

{c)

(d)
(e)

- {f).

(9)
(h)

(i)
(4

total reinforcers delivered (animals vere

-removed vhen 100 reinforcers were obtained),

+otal responses occurinq between 0 and 1

second after the pFevious response,

between 1 and 2 secbnds,

between 2 and 3 seconds,

between 3 and 4 seéonds,—

betweeg 4 and 5 seconds,

betveen 5 and 6 seconds, and

responses occurring more than 6 seconds e
after the last response, |

the grand total of all responses made, and

thé elapsed time needed to earn the 100

reinforcers. A cumulative response chart recorder was

also used to make a running record of response patterns

throunghout the"intervql each rat vas in the chamber. Thié

record was useful in detecting episodes of "respoinse

bu;stinq' described earlier.

3. Experimental Design

Sixty rats were in the design, 30 young (250 - 300

gram) rats and 30 old ( 550 - 995 gran) ratsf Half of each

., a
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of these were exposedrto the magnetic field apparatus with
the magnets iﬁ'piace (tﬁe experinent&l qroup),_the‘others
vere exposed to the same apparatus vithrthe magnets replaced
by lead slugs of the same weight (the control group). Ten
animals (5 younq,_S o;d),qere-placéd at five distances fronm
the area between the magnets or lead slugs. These groups of
10 animals vere exposed to the experinenéal (E) or control
(C) conditions in this seqdeqée: ¢, 2, C, E, E, C. The f
experiment uaS‘fepea¥ed three times, Thus ve ha;e a
factoriél design: Ages = i, by Tréatnents = 2 (experimental
and control), by Cloéeness (field strength) = 5, with
subjects (N = 3) ﬁithin. |

Data were collected for 2 successive dayé illediafelj
prior to exposure to the magnetic fieldvappapatus;‘and for

five days during thé exposure,
4, Procedure

vhen 12 rats had reached the 80X ad-1lib. véiqht, they
were shaped in the operant chamber for a lever-press
response and vere removed from the equipment when 100 %

reinforcers had been earned. They were replaced in the .

plastic cage, and the cage was returned to the colony area.
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The rats were veighed and fed daily‘several hours after
being in the operant chamber. On the following two days,
the rats were exposed to the éperant(chanbpr oﬂ a DoR.L. 6
second schednle until they earned 100 reinforéérs, and then
returned to the dolonv’area. ‘Resp?hSES made during these
tuo‘days Qqald constitute a p;e-exposure (to the naénetic
field) level, and could be used as a covariate tg control
for the individual differences in the aniialsj response -

patterns.,

Inledig?Qly after the second trial on the D,R.L. task, .
; thé aninéls were placed_into the magnetic field aﬁparatus.
A distanclerdn the magnets was selected so that the order
that the animal was. tested in the operant chamber was
minimally correlated with the distance. The rats were left
~in the magnetic field equipment for 72‘hours‘eicept for
dailv'veiqhinqr(abodt 3 minutes). Then the animals were.
returned ﬁo thé operant chamber for 5 more daily sessions on *
the D.R.L. task. Each sessioﬁ lasted until 100 reinforcers
-Mere earned, Fecal boldsés were counted after each session.
The :ais vere returned *o their cages and to the naqneiic,b

field apparatus isrediately after each session.
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5. Analyses’ o
A désiqn with 2, tfeatnent factors (control and
exﬁerinental), 2 ages (young and old), and S‘Iaqneiicrfield
é;ﬁosure levels, all crossed factors, with 3\suhiects per
cell (nested) was produced. Response totals for seven
inter-response tiné’intervals (0-1, -2, 2-3, 3-4, 4-5, 5-6;
over 6 s;condsf, total time, and number of fecal boluses per

session wvere the first measures, Typical inter-response

latencies wvere calculated by the formula -

X = 257 R (1)
i=1
T Reotar «' - ;
uhere‘R= number of réspoqses in‘the interval, |
and T = middle of the time interval
(i.e., in the interval 5-6 secbnds,
Tt = 5.5) | X
g This formula was éelected even.thouﬁh‘thé t interva;s
vere not edual ratio (i.e., 6+ interval included responses
in an interval of more tha; one second while the otﬁer ,ﬁ
intervals were of one second). Since all responses longer .

than 6 seconds produced the same result, and- very long IRT

intervals vwere occasionally made which could give a false
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. picture of tpeidninalis ability to vithold responding for

the>appropriate time, The formula gives a hunber closer to

the median IRT than the Rean IRT (vhich would be calculated

by dividing the total;rééponses by the time to earn the 100

reiﬁfo;céts); The anaiqsis,called for is a multivariate
,analvsis‘of povatiance‘Hithbresponses‘bn_ﬁhé first 2 days

" (pre- exé&éqre) as predi&tors for the responses on the last
5 days, the last 2'days.rand for daYSVBVaAQ‘u. Thése
covariates are'use§9l in ieducinq érrdf due to individual
‘differences in the rats which are present prior to exposure
BMD 1§vacoapnter stastical. package vas used in all the

analyses.



RESULTS
Means

AThe°c01p1ete set oﬁ means and deyiations is shown in
Appendix I. ¥o significan£ differences were found i 'ahy/ofier
the analyses between the 5 dlstances, but siqnifica:%R
dszerences*were seen in some cases for other factors.

Table 2 (a) shows cell means for each of the seven days of:
testing for the number of fecal boluses produced-bi the tvo
age qtoups in the experiiental end control condition.' The F
value (Table 3) for the sreatnent xeaqe interaction using
data for all 5 days is‘0.8799,(non-siqhificant)._ Gfeaterfl
felotlogol response (-ore fecal boluses) is seen in the older
'experllental group after exposure. but the high values for
thlS group prior to expgsure-ellnlnates any oyance of
finding this difference significant. 'ihe'vaiues of the
co?ariates Eor days 1 and 2 are sidnificant (F = 2,33 for
day 1 and F = 1.02‘for day 2) predictors of measures on
later davys. Separate analyses for the flrst 2 post-

exposure days and for the last 2 post-exposure days d1d not:

chanqe ‘the 51qn1f1cance (see Tables 3, 4, and 5).
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TABLE 2
MEANS
Mean inter-response time latencies from the calculated
formula, ' '
DAY o EXPER, GP, o CONTROL GP.
OLD RATS YOURG RATS OLD RATS YOUNG RATS
" 3.755  3.639 3.881 3.783
2 4,395 . 4,601 4,368 . 4.570
3 4,750 . 4,975 4,642 4,836
4 4,534 4.901 4,697 4,602
5 4,860 5.013 5.004 4.838 _
6 4,754 5.060 ' 5. 158 5,025
7 - 4,973 - 5,201 5,036 - 4,951
~ : - " —— -
‘Mean number of fecal boluses produéed during each
session
DAY ~ EXPER. GP. | CONTROL GP.
OLD RATS YOUNG RATS ~  OLD RATS YOUNG RATS
1 6.267 12,200 1.867  1.533
2 © 3.667 1.533 2,667 . 0.p33
3 2.667 "1 467 2.733 1.067
4 2.867 0. 867 1.667 1.667
5 2.733 T 1,467 2,333 1.933
6 3.267 0.667 1.800 1.200
7 4,267 1.067 - \__1.667 1,200

3
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TABLE 3

"SUMMARY OE F TABLE
FOR FECAL BOLUSES

DEPENDENT VARIABLES ARE THE MEASURES ON
EACH OF THE 5 POST-EXPOSURE DAYS

COVARIATES ARE THE MEASURES TAKEN
ON THE 2 PRE-EXPOSURE DAYS

SOURCE °~ APPROXIMATE  DEGREES OF

F- STATISTIC  FREEDON
TREATMENT ¢ 0.7296 5 34,00
AGE , 0.9873° . 5 34,00
CLOSENESS 0.8632 20 113.72
TA 0.8799 5 34,00
TC 1.1146 20 113,72
. AC 00,7451 20 113,72
TAC , 0.5532 20 113,72
"COVARIATE 1 - 2,3316 5 34,00
" COVARIATE 3 1.4195 5 34,00
R (TAC)

9

It is assumed that this table shows the effects
of treatment (magnetic-.field or sham field exposure)
age (old or younqg rats), and closeness to the field
apparatus on emotion for the 5 post-exposure days.
Note that there are no significant effects. ‘
The large differences in group means post—exposure
is predicted by pre-exposure aeans.
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TABLE 4

. SUMMARY OF F TABLE
FOR FECAL BOLUSES

i,DEP.’E!NDEK'I' YARIABLES ARE THE MEASURES ON
EACH OF THE FIRST 2 PRE-EXPOSURE DAYS

COVARIATES ARE THE MEASURES TAKEN
ON THE 2 PRE~EXPOSURE DAYS

SCURCE , "APPROXIMATE DEGREES OF
F- STATISTIC FREEDOM

TREATMENT 0.5715 2 37.00

AGE 0. 7557 2 37..00

CLOSENESS 0.7692 8 74,00

TA - 0, 3504 2 37.00

TC 1.°0579 8 74,00

AC 0.5846 8 74,00

TAC ‘ : 0.2933 8 74,00

COVARIATE 1 4,7497 2 37.00

COVARIATE 3 2.5019 2 37.00

E {TAC)

It is assumed that this table shows the effects

of treatment (magnetic field or sham field exposure)
age {(old or young rats), and closeness to the field
apparatus on emotion for the first 2 post-exposure
days. ‘ :
-Note that there are no significant effects.

The large differences in group means post—-exposure
is predicted by pre-exposure means. ,
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TABLE 5

SOMMARY OF F TABLE
FOR FECAL BOLUSES

DEPENDENT VARIABLES ARE THE MEASURES ON
EACH~OF THE LAST 2 POST~-EXPOSURE DAYS

-

COVARIATES ARE THE MEASURES TAKEN SN
ON THE 2 PRE-EXPOSURE DAYS .

SOURCE . APPROXIMATE = DEGREES OF

P~ STATISTIC FREEDOM
TREATMENT 0. 3789 2 37.00
AGE 1.819 2 +37.00
CLOSENESS 0. 9008 8 74.00
TA 1.09334 2 37.00
TC - 0.5187 8 74,00
AC . 0.7864 8  74.00
T AC _ 0.8277 8  74.00 .
COVARIATE 1 1. 1265 2 37.00
COVARIATE 3 0.5030 2 37,00
R (TAC) :

It is assumed that this table shows the effects

of treatment (magnetic field or sham field exposure}
aqe (old or vyoung rats), and closeness to the field
apparatus on emotion for the first 2 post-exposure
davys., , : '

Note that there are no significant effects,
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‘TABLE 6

SUMMARY OF F TABLE o
FOR.  INTER-RESPONSE TIME
LATENCY (calculated)

DEPENDENT VARIABLES ARE THE HEXSURES ON
EACH OF THE 5 POST-EXPOSURE DAYS

COVARIATES ARE THE HEASURES TAKEN
ON EACH OF THE 2 PRE-EXPOSURE DAYS

SOURCE - APPROXIMATE DEGREES OF -

 F= STATISTIC FREEDOM
TREATMENT 3,0876 - 5 34,00 p<.025
AGE , 0.9348 =* 5 34,00 .
CLOSENESS 1.0085 20 113,72 o
TA 2.3182 5 34,00 p<.10, n.s.
TC 0.8028 20 113.72 :
AC . 0.4105 20 113.72
TAC . 1.1716 20 113.72
COVARIATE 2 '0.2272 . 5 34,00
COVARTATE - U 5.8808 5 34,00
R (T AC) :

It is assumed that this table shows the effects _
of treatment (magnetic field or sham field exposure)
age (old or young rats), and closeness ‘to the field
on learning and memory during the 5 post-exposure:
days of retesting of the task learned in the 2
‘pre-expogure days.. ‘
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| Qhen,the inte;-reégonsé latency measures célcplated
from ﬁespbnse,frequencv in each time‘interval vere used as,af
measure, siqhificanf ﬁas found.r.Usinq}g;;s'i and 2 as
cova;iates:apd the 5‘pOSt exposure days as the‘dependEQt
variables, significance was seénvﬁn the,treqtmgnf vafidblé
(Fv;l3.0876;;p~iess thanr;025}'bht‘not fgr‘treatmenffby ;qe

intéraction (F = 2.3182,'pﬁléss'thah » 10) ; see Table 6.

' Separate analyses dong using the data from the first 2 past

~ .
exposure days and the last 2 post exposure days (Tables 7-

and 8) found no significance for the treatment effect on
days immediately after exposure (F = 054815)'bht

siqnificancé for'the’T X A ‘interaction (F = 5,0621, p less

~+han .025). Using data from onl§ the last 2 days gets a

large P value for the t:egtment effect (F = 7.7632, p less
than .005), and loss of significance for the T X A

interaction (F = 2,1868, p less than ,20).

In further testing of emotional reéponse, the number of
responses in the 0-1 second range, representinq emotional
response bursting to some degree, was used with the measure

obtained by counting fecal boluses. This cgmbination was

used in a multivariate analysis and no significant effects

vere seen. For example, the T X A effect using the 2
variables on days 3 and 4 as dependent variables and days .l

z

A
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and 2 as covariates, F = 1.1205 with & and 33 deqrees of

freedom. .-For the last 2 days, F = 0.9794, Using the cruder

measure"qf average response latency obtained b? dividing

‘elapsed time in seconds by the total number of responses, we

obtain significance patterns similar to those using the more -
complex formula for average inter-response latency, {(compare

Tables 3 and 10 to Tables 7 and 8).,



TABLE 7

SUMMARY OF F TABLE
_ FOR INTER-RESPONSE TIME
. LATENCY (calcul ated)

DEPENDENT VARIABLES ARE THE MEASURES ON
~_ON EACH OF THE FIRST 2 POST-EXPOSURE DAYS

COVARIATES ARE THE MEASURES TAKEN
ON EACH OF THE 2 PRE-EXPOSURE DAYS

SQURCE . APPROXIHATE‘ ‘DEGREES OF

F- STATISTIC. PREEDOM
N
L i B
TREATHENT 0.4815 2 7.00
AGE 0. 2672 2 7.00
CLOSENESS 0.6429 8 00 :
TA ‘ 5.062%1 2 37.00 p<.05

TC 0.6993 8 74,00
AC 0.3644 8 7u4.00
TAC 1.8771 8. 74,00
COVARIATE 2 0.4755 2 37.00
COVARIATE 4 9.1628 2

37.00
R (TAC) )



~TABLE 8 *

SUMMARY OF F TABLE
FOR INTER-RESPONSE TIME
LATENCY (calculated) -~ .

DEPENDENT VARIABLES ARE THE MEASURES ON
ON EACH OF THE LAST 2 POST-EXPOSURE DAYS

COVARIATES ARE THE ﬁEASUBES TAKEN
ON EACH OF THE 2 PRE-EXPOSURE DAYS

SOURCE APPROXIMATE ~ DEGREES OF

\ . P~ STATISTIC FREEDOM
TREATMENT 7.7632 2 ° 37,00 p<.005S
AGE 0. 1141 2 37.00
CLOSENESS 1. 0284 8 74,00
TA 2. 1868 2 37.00 NeSe
TC ‘ 1., 2292 8 74,00
‘AC 0.5337 8 74,00
"TAC 0.8238 8 74.00
COVARIATE 2 0. 1583 2 37.00

2 37,00

COVARIATE 4 14,0576
R (TAC) |
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TABLE 9 ° ’

SUMMARY OF F TABLE
"FOR TIME TO EARN 100 A .
REINFORCERS / TOTAL RESPONSES -

DEPENDENT VARIABLES ARE THE MEASURES ON
ON EACH OF THE FIRST 2 POST-EXPOSURE DAYS

COVARIATES ARE THE MEASURES TAKEN
ON EACH QF ‘THE 2 PRE-EXPOSURE DAYS

SOURCE . APPROXIMATE DEGREES OF

F~ STATISTIC . FREEDOM
TREATMENT . ~ 1.2556 2 - 37,00
AGE : ~© 0.1055 2  .37.00
CLOSENESS : - 0.4633 8 74.00 .
TA ‘ . 5,2u488 < 37.00 p<.05
TC ‘ g ©1.,11393 8 74,00
AC _ 0.5701 8 74.00
TAC S 1.0712 8 74,00
COVARIATE 2 11,0809 2 37.00 .
2 37.00

COVARIATE 4 : S 4,3542
R (TAC) I s



TABLE 10

SUMMARY OF F TABLE
FOR TOTAL TIME TO EARN 100
REINFORCERS / TOTAL RESPONSES

¥

DEPENDENT VARIABLES ‘ARE THE MEASURES ON
ON EACH OF-THE LAST 2 POST-EXPOSURE DAYS

COVARIATES ARE THE MEASURES TAKEN
ON EACH OF THE 2 PRE-EXPOSURE DAYS

SOURCE , APPROXIMATE DEGREES OF’
3 ' F- STATISTIC FREEDOM

- . TREATMENT ‘ 4,9135 2 37.00 p<,05
AGE 0.6597 2 37.00

" CLOSENESS 1.4129 - 8 74,00

R TA 3.3“8“‘ 2 37.00 p(. 10 Ne Se
Tc ©1.5347 8 74,00 |
AcC - - ‘ 0.9438 - 8 74,00
T AC - 0.7300 8  74.00 .
COVARIATE 2 , 143483 2 37.00
COVARIATE &4 , 11.8808 2 37.00
R {TAC)
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DISCUSSION

A na1or veakness in the analyses performed is thé lack
of utilization of data from each of the 5 days after
exposure. Anllals exposed repeatedly to the same 51tuat1on
ionld:be expected to chanqe.their behaviour, over these
eiposufes, in a systematic.vav., An examplevof this type of
chande is called a learﬁinq curve, The anélyseS-did°not
'sfuﬁ% the shapes of these learninq curves, but treated the
data frona ali days or from thérfifst'z and the last 2 days
after éxposure to the field as independent data.
Expectations were for a treatment ‘effect vhich hay‘be
obscured by a treatment by age interaction. In the
learning/menory measure of inter-respdnse latency, the firét
2 days ih‘ihe D.R,L task after exposure shoued aTIXa
,iqtesgcéion gith no T main effect; These first days back to
the t&sk after f2 hours in the magnetic field»igasure
retention of ‘the learning which took place prior to
e Tposure, The effect on the 2 age groups is the opposite; -
young animals generally had longer IRT's (reiative to their
controls) and the old animals had shortér IRT's. Longer
IBT's siqnifj better perforlance on»the D.B.L schedule.

This suqqests that learnlnq or nenory nay he Lnterfered thh

in some aay in the older rats, whlle young rats may have



‘been facilitated in the ability to inhibit responding.
The last days show the result of 5 daily trials of
learning., By then any effect on learning (if if,exists)

m

should be stronger thd@ an effect on memory consolidation

during the 72 hours in *he 0.5 Hz field and away from the _

D.R,L. task.;‘This effect was not demonstrated.

The effect ofvthé;iéqhetic field on the measures of
emotion taken (the number of fecal boluses, responses with
IRT's belqw 1 second) did’not show siqnificance. This
“finding is at odds with the author's previous research which
indicated a strong effect on emotion, :as measdred by fecal
bolus produciion. No explaﬁatio; is offered for this result
except tht the data was in the predicted direction of a T X 
A intefaction on tﬁe last 3 days but Has‘ﬁot consistent

‘enough to show stastical siqgnificance.

- The effects which were recorded on response inhibition
and emotion have several possible etiologies. Changes in
"hormone levels, especially testosterone, may affect general

‘activity levels causing more competing responses such as

df66§fﬁ6;W150kiﬁa‘for escape routes, etc.,, or could lead to

.changes in alertness or motivation, or in perception of



Ve

time, bar-press response delaying behaviours or, more

likely, bar-préss response behaviour. . SN

The effects seen arefh result of acute exposure to very
_vlow levels of naqnetlc.fields. Slnce the closeness of the
naqnets had no 51qn1f1cant effect on any of the measures, it
would appear that even short tern, low dose exposures to

. this. type,of fleld can have effects which may be measurable-
‘Hlth crude learning tasks such as D.R.L, responding.

Vhether the determinant of the effect is direct action on
the Lrain (and wvhich part of the brain) or the endroerine
sésten :elains to be tested., The potential mechanisms for é
 weak magnetic field many orders heipw;the electric fields.

: measured ecross cell'?alls (in volts/m) and'iﬂ the'ne:vbus

system have noi been discussed.

oL
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. APPENDIX . e
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»

‘Means and deviation scores for all cells of the

‘design: T=1 is control group

CP=2

D=7

is
is

is

- is
is

“is

' 1S

is-

is

uaqneticAfield exposure group
old animals ;

lepnq animals

closest to magnetic field apparatus

farthest froa mag. fieldvapparatqs
day 1 (firét pre;exéssure day).
day 2 (second pre-exposure day)
day 3 (fi:st posflexposure day)

day 7 (last post-exposure day)

Measures are (in order):

fecai boluses

0-1 second responses

total responses

calculated response latency

total time/ total responses
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LT =
b,.u

C =
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T = 1
2
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T= 1
2

C =
a = 1
2

D =
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2

. D=
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2

D =
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2
3
4
5

2.11667

1
1.73333
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1
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2,96667

1
2.10476
3.67619

1
2.52381
1.66667

1
2.92857
1.26190

1
1.70000

4.23333

1
4.06667
1. 86667

1
2. 00000
4,91667
1.33333
3.08333
3.50000

3

4N |
'2.50000

$2
1.34286

2

2.51190

2
2.20000

2
1.36130
1.32381

2
2,07143
2.95238

2
. 2.92857
2.09524

2

1.80000

2.60000

z
3.16667

2
1.16667
2.50000
2.75000

- 2.66667

1.91667

3
2,10714

w [
1.98333

3
1.88095.
2,33333

3
3.52381
0.69048

3
1.90000

,No 06667 v

3
2.70000
1. 26667

u ) .
2.25000
2,83333
1.50000
1.66667
1.66667

"
2.03571

[}
1.76667

4 .
0.69048
3,38095

u
2.61305
1.45238

6
1.66667

1.86667

4
2.26667

1.26667

u
1.58333
1.91667
2,08333
1.66667
1.°58333

-
1.83333

k.w,
2.11667

~ 5

" 1.50000
2. 16667

5
2.45238
1.21428

5
2. 13333
2.10000

5
2.53333
1.70000

5
2.41667
1.91667
2,00000
2,50000
1. 75000

6
1.73333

6
1.50000
1.96667

6
2.53333
0.93333

6 _

2,50000

1.16667
2.58333
1.41667
1.00000

- -

— - NN

e

o

g



48

—t

3.38095
2 1.66667

(oW =]
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6
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6
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N EWN =

1
2.83333
5.33333
2.66667
5. 16667
4.33333

1

1. 16667

4,50000
0.0

1.00000
2.,66667

2
2.33333
4,16667
4,50000
2,50000
2,33333

2
0.0

0.83333
1.00000
2.83333
1.50000

Y

3 p

3.16667
2.83333
2,66667
2,33333
2,50000

3
1.33333
2.83333
0.33333
1.00000
0.83333

u
1.66667

2.50000
3.33333

1.66667
2.16667

q
1.50000
1. 33333
0.83333
1.66667
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5
3.66667
1.50000
2.,50000
3.00000
2.00000

5
1. Y6667
2.33333
1.50000
2.00000
1.,50000

- 6

3.66667
1.00000
4.50000
2.00000
1.50000

m .
1.33333
1.33333
0.66667
0.83333
0,50000

€
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A= .

1 2 3 4 5 ; _ 6
3.33333 3.33333 5.00000 . 2.00000  4,66667 3.00000
3.66667 = 3.66667 2.00000 3.00000 ' 0.66667 0.0
0.0 h 2.66667 3.00000. 1.66667 3.00000 3.33333
0.66667 1.00000 1.66667 A 1.66667 " 1.66667
1. 66667 $ 2.66667 2,00000 1. "1.66667 1.00000

A= 2 | m

1 2 3 4 6
2.33333 0.0 _ 1.66667 2.00000 1.66667 .2.00000
2.66667 - 1.33333 3.00000 2,66667 2.66667 1.66667
0.0 1.00000 0.66667 1.66667 2.33333 1.33333
1.00000 1,00000 = 0.0 0.66667 0.0 - 0.0
1.66667 - 1.33333 0.0 1.33333 - 3,00000 1.00000

A= 3 )

1 2 3 4 .5 . 6 -
2.33333 1.33333 t.33333 1.33333 2.66667 4,33333
7.00000 8.666567 3.66667 2.00000 2333333 2,00000
5.33333 6.33333 2.33333 5.00000 2.00000 5.66667
9.66667 4,00000 3.00000 3.00000 4.33333 2.33333
7.00000 2.00000 3.00000 3.00000 2.33333 - 2,00000

1 ’ 2 3 ; [ 5 , B :

.0 0.0 1.00000 1.00000 - 0,66667 0.66667

« 33333 -0.33333 2.66667 0.0 © 2.00000 1.00000 .-
. 00000 4,66667 2.00000 2.66667 . 4,00000 1.66667
3.66667 1.66667 1.66667 0.6

6667 0,0 | 0.0
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Qb O



£ f e b e

2

——

r.,rv .
- CELL DEVIATIONS
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* X(T.C..)
+ Kaooc . -v
4 -5
-0.00952 0.040u48
0.31130 -0.13809
-0.87381" 0.32613
0.204786 0.42143
-0.03333 -0.65000
4 , 5
0.,00952 -0,04047
-0,31191 0.13810
0.47381 -0.32613
-0.20476 -0.42143
0.03333 0.65000
4 5
0.00952  -0.04048
-0.31191 0.13809
0.47381 -0.32613
=-0,20476 -0.,42143
0.03333 0.65000
4 5
0.31130 -0.13810
-0,47381 0.32619
0.,20476 C.42143
-0.0333% -0.65000

+ NAﬁPoouv -
-6
-0.59286 . O
0.06190 - ~0
-~0.14048 0
0.62143 0
0,05000 . -0
_ RN
6 .
0.59286 ‘=0
-0.06191 0
. 0.14048 -0
-0.62143  '-0
~0.05000" - 0
6
0.59286 -0
-0.06131 0
0.14048 -0
-0.62143 -0
-0.05000 0
6
-0.59286 0
0.06190 _ =0
-0.,14048 0
0.62142 0

- X(TAC..) - +

0.05000 -0

~ *



A Y

HEAN .

|
12 CELL' MEANS

T =

C'=

D =

,, =
T= 1
2

C =

T = 1
2

C =

A= 1
2

. D =

T = 9
2

D =

A= 1
.2
D =

c= 1
2

3

'}

5

«

DEPENDENT VARIABLE 2 (0~1 SEC RESP.)

22.85951

‘ ,
25.00000
1
30.93810
1
14, 79762
1

_43,88333

|
32.84761
29.02856

& ‘ !
15. 97619
. 13.61905

d .
16.97618

© 12.61905

39.,06667

48,70000

B |
55.23332

32,.53333

|

38, 16666
42,83333
'51.08333
42.166566
49.16666

2

20.71904
2

13,78095

S

20,46428
2

22.23332.

5

.Q.umwuq
12,80952

2
16.54761
25,38095

\N -
28.90475
12,0238

2
23.46666

21,00000

2
31.46666
13,00000

2
10.66667
24,00000
27,25000
21,75000
27.50000

3
28.36903
L3

18.00000

3 .
29,97618
26,76190

3
35.,40475
21,33333

3
22.59999
13. 40000

3
25,36666
10.03333

3
11,83333
10. 583133
21.66666
20, 75000
25, 16666

4
19,5476

4
22.38333

[
18.80951

20.28571

4
23.40875
15,63048

)

- 26.56667

18.20000

4
30.39939
14.36667

"
18,25000

16. 416686
24,25000
20.41666
32.58333

5
31.11903

3 :
18.20000

5
43,63048
18.54761

5
50.00000
12,23809

m .
21, 66666
14,73333

S
24.53339
11.80000

-
10.58333

-14.00000

22.41666
13,50000
30.50000

LR

-~

6
19,51666

6

20.66666

16.36665

6
26.03333
11.00000

6
8.08333
16.08333
28.58333
10,41667
29741666

16

20
12

22
10

10
13
23

23



(g R ]

1

P

(g X ]

1
2

-

oX

0

1
2

oH

1
2

N EWN =

- -

1
18.52380
13,42857

2

>

1

15.42857

11.80952

1
49,53333
28,59999

2

V\\

60.93332
36. 466656

1
23.50000
29.66666
51.16666
42.50000
48,.50000

1
39,83333
56. 00000
51.00000
31.83333
49,83333

.

2
21.76130
11.33333

2

36.06761

12.71428

2

33.26666

13.66667

P
29.66666
12.33333

©2

13.00000 :

27.00000
28.50000
18.83333

-30.00000

2
8.33333
21,00000
26.00000
24,.66666
25.00000

W

3
27,2857
32.66666

u‘
43.52380
10. 00000

3
31.73332
13,46€667

3

- 20,20000

6.60000

! U :
18,66667
12.83333
25.50000
19. 16666
40,.83333

3
9,00000
8.33333

17.83333

22,33333

9.50000

R

4
20.,28571
17.33333

. 4
26.52380
14.064762

-4
33,39939
19.,73332

i
27,39999
3,.,00000

a
23.33333
14.66667
28.16666
20.00000
50.66666

'

L
13. 16667

18. 16666
24,33333
20.83333
14.50000

m .
76.38095

11.00000

5
23.61303
13.47¢613

5
28,20000
15.13333

5

21,00000
B8.46667

m .
12.00000
11,16667
23, 16666
11.66667
50.,33333

5

9,16667

16.83333
21.,66666
15,33333
10. 66667

6
26.66666
14.66667

6
25.33993
7.33333

6

3,00000
10,33333
26,50000
10.00000

"47.50000

6
7,.16667
21.83333
30.66666
10,83333
$1.33333



(-2 - ‘ o o -y
WNE WK - .. WV E W N -

B

N8 W -

%
' - o4
U‘FUN-’.' U\CU.N—" N M oee .

B!
41.66666
60.33333
60.16666
46.16666
67.83333

1
26, 66666
25.33333
82.00000
38.16666
30.50000

A =
1

© 34.331313
41,66666
43,.66666
82.00000

80.00000

A=
1
12.66667
17.66666
52.66666
43.00000

17.00000

C A =

1
89.00000
79.00000
70.66666
50, 33333

55.66666 -

Pll.
1
40.66666

33.00000

31.3331)

033.33333

44,00000

®

2 -

-18,.33333

37.33333
37.66666
28,16666

-43.83333.

2
7.00000
10.66667
16.83333
19.33333
1. 16667

2

19.66666
$3.66666

" 31.00000

18,.00000
58.00000

2 .
6.33333
10.33333
26.00000
19.66666
6.00000

2
9.00000
31,00000
88,.33333
30.33333

33.66666

2

7.66667
11.00000

7.66667

19.00000-

16.33333

3
12.16667
16. 16666
29.50000
29.33333

42.66666

3

11.50000

5.00000

13.83333

12.16667

7.66667

3
18. 00000
21.00000
28.00000
23.33333
72.33333

3
15,33333
4,66667
23.00000
15, 00000
9.33333

J .

10. 33333

11,33333
31.00000
35.33333

13,00000

3
_T7.666617
5.33333

9533333 -

6.000uC

~

5

,01664-)1 -

v,

4 . 6 - )
21.33313 11,16667 6.83333
© 20.16666 18.50000 21,66666
31.00000 26,50000 35,83333
27.00000 16.33333 - 12,16667
52,50000 50.50000 53,66666
4 5 6
15.16667 10.00000 9,33333
12,66667 9,50000 10.50000
17.50000 18,33333 21.33333
13.83333 . 10.66667. 8.66667
12,66667  10.50000 - 5.16667
" 5 o 6 g
'28,33333  °13,00000 5.00000
12,33333 9.33333. 11,33333
21,00000 16.33333 " 16.33333
25.33333 12.00000 ;. ~10.00000
84,00000 90.33333.  30.66666
4 5 6
22,.33333 11,00000 13.00000
17.00000 13.00000 9.33333
27.33333 30.00000 36.66666
14,66667 11.33333 10.00000
17.33333 10.333133 4.33333
[} 5 6
18.33333 9.33333 8.66667
28.00000 27.66666 32,00000
41,00000 36.66666 - 55.33333
28,66666 20.66666 14,.33333
21,00000 10.66667 16. 66666
4 ~ 5 6
'8.00000. . 3.,00000 - - -5.66667
8.33333° 6.00000 11.66667
7.66667 6.66667 6.00000
“Y3,00000 10,0000 7.33333
8400000 6.00000

T

33

11
28

27

39

13

12



CELL DEVIATIONS

M%, X(Tees)
e
) , 2. 14069
 XGAees)
\ MMH\J | A = 1
| 8.07858
L X(eeChe)
| -8.06 189
fo.  X{eeweD)
i D = 1 ,
21.02382 .
: w
: X(Th...)
oa= 1
‘Pl= 1 -0.23097
2 0.23098 -
, ' Naﬂnno ou
. Ca 1
T= 1  =0,96192
2 0.%6190
C X(eACer)
7 .
L "
. Cc = 10
A= 1 =5,90002

2 5.89999

- NAL‘U;Q-.V

2
lNo dcoa.ﬂ

- ‘ﬂno.ooonw.

2
-8,07856

l Nmoo.oo-v..
) .
2
-2,39523

- Nﬂo,oo.o-

~,4
~0.62619

X(ehere)

2
0,23098
~-0.23096

.I NA,o,onoow .

2
flmicmﬂuﬁ
O.i 057 5

- HAoonoow .

«

0.36189
~0.36191

) ~ - \.\

1.04286

»
3 4 S .
5.,50952 -3,31190 8,25952
3 Y T 5
-8,85951 -0.87618 -4,65952
- Na\ﬂooo-v; + H.A-‘ooot.w
- ”AHoooov + Nno....-
3 o8 5
=0.53334 -2,.87859 10, 43095
0.53334 . 2.87857 -10.43095
\+- Nﬂo’o.ov + H—-.-cu
3 4 5
t~1,08286 -4,22184% ) 10.80238
4,22143

-10.80238

6
-4.38285

. =6




e e oo

i Nﬂ.ﬂ.tobw - ”hJo.ocv
D = , 1 c 2
T= 1 | =6,9%715 -0.90715
2 6.95714  0.90715
ﬂac’ooUv - Nak.o.b,w
. p-= iR 2
A= 1 3.27141 1. 15475
2 -3.21m5 -1.15476
) _ Haocﬂog : - NA....U&,
b= 1 2
ci= 1 -1. 65479 «3.50476
o2 1.348523 6. 16191
Y 1.69088  -0,892884
o w 1,59523  2,82858
5 =2,97620  -2.99284
U X(PACe.) T = X(.AC..)
, + X Tates) ] - Nﬁlooo,o,v
SR R L
o= 1 2
A= 0.60002 -2.99521
2 <0.59998 2.99526
Core 2 | ‘
- C =, 1 2
A= 1 =0.59998  2,39528
T A

.

- NAHWY..,-u
3 .

12.45950

-2,45353

- NAoDo-ow

3.

-0.11192

0.11189

- NA..OO ow
3
1.89523
-1.84286
6..0690
-1.09286

- ﬂaﬂonoou

3
~-9,49522

. 9.49525

R |
9.49524

=3, 49528

ey

+ ﬂ,ﬁo.ooﬂw.
s .5
2.04285 1.32¢17

-2.04286  -1,32613
S (SRR
.4 s |
IOCQQ‘WN lﬂ.OQQWO
. 0.06130 1.67856

+ Nao,-ocov
) 5
3.92856 0.44523

-3.57144 -1.80476
-3.64285 -1.,29286
1.94048 h,0u4048
- Maﬂ.’.-o~ '

4 5 .
-2.14938 14,08048
2,15002 -14,040u47

.m.
2415001 <14,04048

6 -
0.00351
=0.00354

. 6
-0.56192
0.56190

s}
-2,37144
-0.03810

4,557 14

- -4,78809

2.64047

¢ X(eeCud)

-t (1 —t & en



" X(TA..D)
.F Nﬂﬂoooow

= 1
D

1
=0,65236
2  0.65240

= 1
0.65239
L2

X(T.C.D)
% X{Teeoe)

8.02859

c = 1 4.88811
2 2.29286
3 -5,43333
5 6.28096

-0.65238

- X(.A.:D)
lsNa-o-.,lv

2
0.7976u4
-0,79761

N.
0.79761

= X(..C.D)
- "aool..u

2
‘2,06191
' 7.82382

0.55000

-1.27142

NW
-2.06191
-7.82382
1.27181
9.16428

~9.16829

“
//

“ .

B

A

- Naﬂc/u/mow .l NAH.’- c.w. ,,#»ﬂ Aoou oUv
S ot
3 .g 5 . 6 .
1.39768 -0,95236 0.36432 -1,28569
-1.39759 0.95239 -0.36426 - 1,28574
3 4 .5 6
-4.39760" 0.95239 =0W35427 . 1.28574
1.39763  .~0,95238 0.36429 -1.28570
= X(Te.aD) = X(T.Cu.) + X(eotsD)
3 4 5. 6
-0.80478 1.86131 -1.08808 ~0.27141
3,70717 0.12383 -0,24283 -1.84283
-0.23331 -3.7333% -2,18332 -3.69998
-3.30475 ~1.721481-  =2,42141 0.33193
0.63573. 3.46908 5.93571 5.50240
3 T 5 6
0.80477 -1.86130 1.03810 0.27144
~3.70714 -0.12381 0.24285 1.84286
0.23333 3.73332 2.18332 3.70000
3.30876 1.72144 2.42143  -0.31189
~0.63570 -3.136904 -5.93571

oy

kXYlé

=5.50235

0

-0

-0
°

+

3

O 0O W

-3

-3

-0
0

a




{

—
lYe)

C

X (.AC.D)

+ X(.heoo)
A 0=
D= 1
B 2.05003
2 5.78812
3 -1.22380
4 -3, 12856

= 2
= 1
2 -5.,78808
3 1,22382
4 3.12858
5 u.a@ch

XI(TAC.D)
¢ X(.As.D)

“ X(esCoo)

- NA..”.UV
- Nao\oi-v

2
0.33336

. 3,73810
'2.22618
-2.59525
- ~3.70239

2
~0,33333
-3,.73810
thNN@NO

2.59522
3.70237

- X(«ACu D)
* NAH...Uw
C‘Naf’.'ov

-~ X{,As.D)

3.
-1.73330
-2,74523

0,90955
-4,83810
-1.26304

3
1.73335
2.74524

-0.90951
-%,83810
1.26306

- X(T.C.D)
+ T(.AC..)
- X(Teee.)

i

- X(.AC..)
4 5
0,96669 0,08337
-4,62856 -2.,26189
-0.22380 -1.27373
2,78812 0.65477
1.09763 2.73762
q 5
-0.0mmmm -o.omuuw
4.62858 2,261
0.22381 1.27381
-2.78809 ~0.65477
-1.09762 -2,79762
- ﬂAH’. -U-
+ ﬂnﬂrn.-v

14 NA.annl-v

+ X{oe. D)

6
-2.86662
-2.23523

0.77620

-1.54522-

5.93095

m '
2.87667
2.29524

-0.77519
1.54523
-5.93094

= X(TAC..)
+ X(TAv+.)

o



NE WN -

o

o3

S EWN -

NEWN

[/ ]

LI}

A=

L

3.61664
= 1.62146
-0.20477
~1.46669
-0.32382

-3.61664

1.62142
0.20473
1.46663
0.32381

A =

1
~3.61668
1.62143
0.20876
1.46666
0.32381

A =
1
3.61666
-1.62144
-0,20476
l—-:mamﬂ
-0.32384

¥

S22
1.83329
'5.76187
1.01130

vld.mammﬂ

l@.W@OG@

2
-1.83334
-5,76192
-1.01130
1.66666
6.98051

2
-1.83335
-5.76189
-1.01189

1.66669

6.34049

2
1.83334
5.76192

- 1.01192
ld.mmmm:
IOEWRO:Q

3
-2.,76670
4.41188
2,99521
-3,43335
-JONO.N.—M

3
2.76664
-4,41193
INQWWMNQ
3.483332
1. 20713

3 )

- 2.76665
-4,41189
=-2.99525
-3.43332
1.20715

3
~2.76668
4.41191
2.99523

-3.43334

«1.20716

4
-1.50002
-1.30478

0.76130
2.08330
0.55952

)
1.49999
1.90474

'Oodmawo
-2.08335
-0.55952

4
1.49998
1.90477

-Qoﬂﬁdmo
-2.08336
-0.55952

Lt
=-1.50000
-1.90476
0.76131
2.08333
0.,55952

5
=0.31671
-3.47146
-1.55473
-0.48336

5.82617

5

0.31664.

3.47140
1.55475
0.48331
-5,82618

5
0.31665
3.47142
1.55474
0.48331

-5.82618

5
-0,31667

“=3,47142

- 1.,55475
-0.,48333
5.82618

- 6
-1.83337
-0.07145
-6.,40473

1.91664

6.33284

6
1.83331

0.07140

6. 40471
~1.91663
-6.,33285

6
1.83323
0.07143
6. 404875

|¢owa0mw
'moumwmm

.6
-1.83334
-0.07144

-6,40476 "

1.31666
6.33281

e
=z



DEPENDENT VARIABLE 3 (TOTAL RESP,)

o
e
MEAN

T

NEWN e

qu.w*ﬂmm

‘.nmnﬁ HBANS

1

234,98263

1
297.81821

1
300.85693

1
404.33990

1

296, 55225

299.07617

S
300. 14282
301.57129
3y . ﬂ
302.38086
299.33325

A 1
380.19995

428.59985

.
365.19995
483,59985

1
437.41650
387.66650
364.33325
413.41650
413.16650

2

299,60474.

2
296,73315

2

275.29761

2
u.m._cwow

2
293,33325
300.13330

2
266, 92847
283.66650

C 2
273.52368
277.,07129

.2
298,39990

332,00000

2
305.83325

.324,56665

2
325.50000
285,33325
299.,41650
335.08325
330.66650

3
298.13043

3
282,89990

3
307.30933

'289.07129

3

291.50000

304,88086

3
294.89990
270.89990

Wf
299.93311
265,86646

3
303.16650
281.08325
262.75000
292.83325
274.66650

4.
300.13086

4
300.83325

[}
271.07129

329.19043

. 4
302.76172
297.50000

4
313.19395
288, 46655

4
312.39930
2893,26660

4
309.75000
273.,00000
287.33325
310.16650
323.91650

5

311.89282

5
274.16650

. _
329,.26172
294,52368
5
318.90454
304,88086

5
278,86646
269.46655

w .
275. 8332

 272.50000

, 5
259.00000
233.50000
274.25000
284,41650
319.66650

o)
2553,08325

6
246.86665
263.23380

6
273.16650
243.00000

.6
238.08333
232.25000
305,41650
285,50000
263.16650

245

252
238

252
238

233
234
293
213
252

»



U

1
295,66650
304,61830

2

1
309.09521
234,04761

u.

1
352.73315
407.66650

2

1
377.66650
qu.mwwnc

1

1
424,33325
387.33325
351.33325
381.33325
356.66650

2
=1

450.50000"°
"388.00000

377.33325
457.50000

'469.66650

2
259,19043

274,66650 .

2
287.85633
279.47607

o,
303.53320
293,26660

. 2
308.13330
355.86646

N .
298.66650
310.50000
309,16650
285.66650
288.00000

-2
352,33325%
260. 16650
289.66650

384.50000

373.33325

3
275,85693
339.76172

a

3
308, 14282
270.00000

3
322,13330
267.66650

3
277,73315
268,06665

3
321.33325
292. 16650

269.33325"

273,66650
312.00000

3
285.00000
270.00000
256, 16650
306.00000
237.33333

4
264,95215
277. 13043

£y
3480.57129
317.80933

y
318.566650
311.73315

4

310.13330

266.79980

4
316.83325
266.83325
300.00000

294,00000

388.33325

4
302.66650
279, 16650
274,66650

1 326.33325

259.50000

w,/{
388,03521
270, 42847

5
243,71428

333,33325

5
275.59985

282.13330

5
276,06665
262,.86646

5
268.33325

-213.16666

238,656650
245,50000

368.66650

5
249,66666
253,83333
249,83333
323.33325
270.66650

6
248,39999
245.33333

6
237.93311
240,66666

m .
225,.83333
197.83333

232.16650

211,00000
307,50000

6
250.33333
266.66650
318,66650
280.00000
230,83333

258

245

245
231

245
200
330°
200

283

220

267
- 257

226
220



o oM oO» . :
NEWN = G EWN w2
. L " won

MCUN-.

o
[V, ¥ 3 UN-.:.:

NEWN =

1
: 1

381.00000
359,33325
309.00000

$20.00000 .
 356.66650

2
1

433,.83325°

416. 00000
819.66650
818.83325

469.66650 -

1 A=
1

365.66650

356.66650
297.66650
376.66650
367.00000

1 A=
1
883.00000
818.00000
405,00000
386.00000
346,33325

2 A=
©

1 396.33325

362.00000
320.33325
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227.66666

2
298,.66650
273.33325
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304.00000
274,33325
312,83325
307.33325

3

. 305, 16650

258, 16650
251, 16666

"272.83325
282,00000

5
307.33325

333,00000

277,00000
278. 33325

-409.00000

3.
335.33325
285,33333
261.66650

281,00000

215.00000

3
295,00000
263.00000
271.66650

‘387.33325

205.66666

3

'275.00000

271.00000

200.66666
1268.66650

269.00000

4

. 344,33325

274,33325
278.00000
321.00000
380,33325

8
275,16650
271.66650

296.66650

239.33325
303,50000

4
330,00000
280,.66666
251,00000
307.00000
444.66650

4

303.66650

293,00000
349,00000
281,00000
332,00000

+

8 .
358,6665
308,00000
305,00000

335.00000 .
244.00000

A
216, 66666
250, 33333

2e6.33333
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14.61914

6

8 5 |
-39,19043

3.55957 -23.10718
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, . D L 1| .
c = 9 29,43335
2 5.242698
m 3 -40.,98380
, 4 12..15942
S -5.8525%
X(TACq )
* Nuﬂoto.v
T= 1
C = 1

1 - =7,0693%
2 7. 06860

3
7.06909

N X(TAw.D)
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8.13147

.-NDQUU-—

6.70276
6.63123

-148,63038

.6
4.13086
-2.8333%
6.702133.
-6.63086

U—Gooudﬁg

OA °
-4.,13101
2.833139
-6,70247
-6.63077
18.63063



DEPENDENT YARIABLE & (CALCULATED RESP LATENCY)

SEAN
CELL MEABS

T =

8281129
\ :

4.67163
' 2
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5
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5
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6
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6
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4.88643°
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8.80191

- %.32089

5.16839

3
8,85689
5.03460
84.B8688

'8.90988

5. 14886

£33

4

4,8332%

4,.88638
4,74570
4,.,68226
4.,33017

8 .
8.40662
4.58831

4.66277

4,79988

4,55276

4
4.33680
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X {(Teeee)
T = 1
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D=
| - =0.90538
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] 0.06111
2 - =0.06114

o 3

@

X(T.C.D)

+ Naﬂo-oova

T= 1
‘D = 1 :
1 -0.00867
2 -0.04877
3 ~-0.00546
4 =0.10110
5 0.16383

1

0.064873
0,00541
"0, 10104
-0.16393

Ve WN -

0.00861

- Nh.’,cnuv
- Nﬂcnouiv

2
~0.05435
0.05432

2
¢ 040583
-=0,05435

- X(s.C.D)
- ”anrco-v

2
0.07835
-0,16197
-0.08300
0.04119
0.08931

2
-0,07341
0.16193
0,04294
-0.08125
-0.08936

1
3
i

i

H - NA.H....Uv

3
,lOoO'ﬂWN
- 0.08746

-
3
10,0478
-0.08752

[ e nnﬂo.-U~

.3

' 0.02689
~0.10658
0.08882
1 0.04683
-0.01578

o g Y

3
=0.02698
70.10648
-0,04889

~0.04651

0,01571

- X(TA...)
4 | 5
0.06043 0.02453
-0.06048 -0.02466
B 5
-0,06046 ~0.02466
0.,06044 0.02460
- N—H.nocv
B 5
0.04877 -0.02269
-0.01106 ‘0,05815
" 0,05690 0.02862
0.01402 0:02331
o= ) -
4 - s
-0,04885 0.02260
0.01100 -0.05822
-0.05697  -0.02870
-0.01410. -0.02340
0.,10873 0.08750
K
<

P

+ NA.;..UV

.
 0.05468
~0.05475

6
"=0.,05875
0.05468

¢ X{seesD}

6
-0.01648
0.07801
~0.00838
-0.00533

-0.04804¢

o

6

. 0.01638
-0.07809
0,00823
0.00523
0.04735

,VO
0

-0
-0

RS

LS



Nﬂobnnbv - Kﬁiinocw - MA.D"UV - ”A.Wﬁ..v + NA.--UV : +
L4 Nﬁovuoow - NAOouo-v
o .
~ A= 1
D = 1 2 3 4 5 6
1 -0.02477 0.07859 0.07866 +0.02%49 . -0.06033 0.02112 -{
2 -0,03200 -0,10629 -0.00612 0., 05029 0,02631 0,04413 0
3 0.10030 ~0.07407 -0.00865 -0.,03242 0.01802 -0.01684 0
1} =0.07414 0.05911 -0.06758 -0.00118 -0.01589 0.00782 0
5 0,030439 0.04254 0.00351 0.01264 0.03163 -0.05645 -0
A= 2
D = 1 2 3 4 5 6
1 0.02471 -0.07865 -0.,07874 0.02941 0.06024 -=0.,02122 0
2 0.03196 0.10625 0.00606 -0.05035 -0.,02638 -0.04421 -0
3 -0,10034 0.07402 0.00857 0.03236 -0.01810 0.,01676 -0
4 0.07408 -0.05916 0.06750 c.00111¢ 0.01581 =0.0 792 -0
X(TAC.D) - X({(.AC.D) - X{(T.C.D} - X(TA,..D) - X(TAC..) +
+ NAIPG.QV + “ﬁﬂooocv + NA.’OOQV + Nﬁeon-ov + NAH—’--V -
- Nﬁnoﬁoov - ”Ao’ooow - Nﬂﬂo-oow + NA.Q-QQV




a7

(=, ]
0 .

o~
W ou

1 A =

1
-0.03501
0.05959
0.00336
0.02913
.=0,05678

1 ‘A =

1
0,03514
-0.05948
-0.,00325
-0,02900
0.05689

2 A=

1 .
0.0351
-0,05948
-0.00325
-0.02300

0.05689

2 A=

1
=0.03502
0.05959
0.00336
- 0.02912
=0.05679

-

2

-=0,08230
‘=0.01310

0.17042

'=0.00144
1=0.07329 -

2
0.08243
0.01320

=0, 17031
0.00157
0.07340

2
0.08243
. 0.,01321
IO- —.NOUd
' 0.,00157
- 0.073841

i 2

~0,08231
=~0.01310
" 0. 17042

-0,00144% .

~0.07329

.

P e T T

3
0.11756
-0, 10888
-0.09253
0.11404
=0.02985

u .

0. 10901
0.09267
-0,11389
0.02998

3
=0.,11741
0. 10901
0.09267

r =0.11383

0.02998

3
0.11756
-0.10889
-0.09253
0.11404
=-0.02985

4
0.07030
0.,05771

-0,07319
-0. 12824
0,06977

4
-0.07014
-0.05758

0.07332 .

0.12439
-0.06963

4
-0,07015
-0:05758

0.07332
0.172439
-0.06963

4
0.0702
0,05770

~0.07319
-0. 12425

0.06976

5
-0.,02913
0.07065
-0.01659
0.02316
-vocqu

5
0.02929
-0.07051
0.01678
-0.02300
0.04786

5 .
0.02928
-0,07051
0.01674

0.04787

5

1-0.02913

0.07065

.=0.01659

0.02316
-0. OBQQN

0.02153
-0.03703
0.04527
-0.00461
-0.02478

6
-0.02137
0.03717
-0.04512
0.00477 |
0.02493 |

6 ,w

0.03717
-0.04512 .

0.00478 |
0.02493

6
0.02153
-0.03704
0.04527

-0.00861 .

I,O- ON&&NQ

[]
(=R =N < No N

OO OO0

I — ’if*fvio_afc_oufifkbﬁoioiofo
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DEPENDENT VARIABLE S (TIME/TOT RESP LATENCY)
HEAB 5.94964 : o ' ' o . 3 : ;
. . . B // ) < R
CELL BEARS - - i o , , ‘ R
T = 1 ; 2 , ' I '
. 5.92272 5.97657.
. /'
A= 1 ’ 2. -/
6.09679 5.80250 o 4
C=_ N @ e G g 5 P U S S
5.757a8 6.08257 ;/6.28177 5.70008 5.92656
D= 1 2 DR . 5 - 6 e
: 5.73038 5.80003  6.5641a 5.63952 ° 5.30753  6.0151& 5
A= N T 2 i
T = 6.03607 5.80982 : ~ _ ;o ‘
2 - 6.,15756 ' 5,79564 ‘ /
c= 1 2 3 | “ j 5
Ts 1 - 5,79818 6.11550 5.92782 5.89263 ¢« 5.87995
2 5.71681 6.08975 . 6.63581 5.50768 5.97328
; . c - ‘ z ) 3 ° L . ) 5 7 ‘//,
o SR 5. 73625 6.22087 6.77818 5.64189 6.00762 / .. . .
2. 5.71875 Ar.9u07a 5.78945 5.75840 5.80561 ’ ’
D= 1 2 I R T T 6
T= 1 5.96098 5.85376 6.08684 5.55282  5.90387" 6.16146 5 ,
2 5.689981  5.708636 7.03952 | 5,72666.. 5.91127 5.86889 . 6 - - o o (-
Cene 1 2. 3 . 5 6 |
A ST 6.00822 5.87656 6.87710 - 5.70780 6.07507 6.10710 6
2 5.85657 _ 5,723%6 6.25126 5.57128 5.70006' 5.92325 5.
D= 1 2 3 5 s 6 :
C= 1 5, 36089 5.68554 5.76651 - 5,87393 .  6,00285 5.98964 6
2 6.07677 5.82613 . 6.21767  -5.76118 -  6,16226 6.38533 6
3 6.08988 5.36069  8,48589 / 5,93982 6.11037  5.68018 5
‘. 5.36637 5.62655 6.00721 ' 5,433a0 5.51343 5,90523 6
s 5.75808  5.90140 6.38803 5.58942 S. 74833 6. 11834 6 )
T= 1 S S .
C= 1 2 3 . .5 “
A 9 5. 96896 6.25354 6.30572 5.98053 5.67196
2 5.6274) 5.97787 5.54993 5.80472 6.08734
T = 2 . ‘. “‘ ‘l ' b SO S
A= 1 5.62358 . 6.19540 7.28265 . 5,30328 6.42328 -
' 2 5.81008 ~ 5.90809  6.02898 5.71207 5.52328
- "
4
L \‘5"
- ) e




>/9
—

. A 2 3 4 s T s

|
1 6. 14322 5.81885 | 5492659 ' 5473958 = 6.17200 6.41283 6
2 5.77874 5,88867 | 6.257110 5.36525  ° 5,63575 5.91010 .5 )
T= 2 ﬂ g , . S
D= 1 ‘2 o 3 4 5 ° 6 |
1 5.86522 5.93827 - 7.82761 5.67602 5.97816 5.80137
. 5.13041 5,55845 | 6.25142 5.77731, 5.84438 5.33641
_ 1 T2 3 2! 5 6
1 5.72809 5.80800 5.76353 5.56493 5.80663 6.06942
2 6.06475 5.52364 1 6.,08280 5,75581 6.,25277 6.76336
3 6.24638 5.88810 - 6.55002 5.71000 6.02537 5.73747
4, ' 5.59886 5.98094 1 5,92822 5.50633 5.90170 6.15109
5 6.16683 6.06813 6. 11966 5.,22503 5.53230 6.08598
1 2 3 4 5 - 6
1 4,99370 5.56308 s, 76950 5.38298 6.19908 5.30987
2 6.08878 6.12863 1 6.35253 5.,76687 6.07175 6.00850
3 5.93338 6.03327 10.42096 6.16365 6,13478 5.62282
4 5. 13388 5.27216 16.08619 5.36087 wu_nm,q S.65918
S 5.33933 5.73467 6.5684% 5.95382 . 36557 6.14390 -
-1 g o | o
= 1 w i 3 e 5 6
1 5.53913 5.97647 |5, 87966 5.47039 5.92944 5.95644
2 6.34396 5.69980 gn..m.uo 5.83777 6,41313 6.63835
3 -6,68029 6.09368 0.40933 6.13243 6.87556 5.81120
a. 5.26126 5.58487 5.58995 5.848102 “5.57433 5.30170
S 6.19648 6.02802 16,32856 5.65739 5.97632 6.16782
,
A = L (I
D = 1 , 2. | 3 4 5 6
1 5.18265 5.3986) 7m « 65337 5.47787 6.07627 6.02285
2 5.80958 5.95247 6425335 S.68451 5,90540 6.07351
3 5.49987 5.82774 ,o.wa_mu 5.74721 5.7u518 5.58308
[ 5.47158 5.66822 6.82647 5.42578 5.45134 5.30876
5 5.31958 5.77478 16,36350 "5:52146 5.52155 6.,06207



-

R =
, 1
6.00173
6. 34055
6.73489
5.63615

C - 6.00283

] ¥ S
1 .
5.454m4
5.,78896
UOQUQ“Q.
5.56158
6.33085

A=

1
5.0765
6.34737
6.62569
. 4.88639
6.39015

».N . ..\

1
4.91086
5.83020
5.28108
5.38138
%.30853

>

N .

1

2

o
..
w
[ -]
~
&
(=)

5.67181

. |
2 )
5.63651

.88865
5.37880 .

. 6.07497

6.46445

1

:MN.
5.97345

© 6.24097

5.78987 1
5.28288
s.38s28 |

[

2 b
5.15271
6.01630
6.27668
5,26189
5,08512 |

3.

6.09381

5.65642
6.,42134
5.96230

m.ewoow

3 °
5.43325
6.50320
6.67871
5.89415
6.784022

-3

5.66552
6.70757
4.3973%
5.,21761
7.15003

5.87348

5.99750
6.48459
6.,95478
5.98678

S

/#. ,
5.90559
6.10619
5.39072
5.53624
5.15919

[} .
5.22828
5,40508
5.82927
5.47643
5.29087

F
5.03520
5.56936
6.27814 .
5.38580
6.15559

,eA,
5.73066 -
5.96359
6.06516
5.37514
5.75208

.5

5.87612
6.65336
6.66946

8,73714~
5,852193

5.38249
5.69458

5.51236

5
5.98277
6.,18491
6.28168
5.04104
6.80041

S5 ..
6.415a0
5.95861
6.10788
5.20931
5.53074

6
6.22523
7.27726,
6.30632
6.35585
5.89951

6
5.91360
6.24947

N5, 16862
5.94633
m.u4~wm

~

6
5.68765
@.déW:m
5.31609
5,44756
6.43613

. 6
6.13210
5.89756
5.92955
5.87119 -
5.85168

Zr

v on 0

A

" o

rvwow




H,ﬂ

1 -0.03381

2 0.03383

X{T.C..)
C = 1
1 0.06766
2 -0.06757

2
0.03383
~0,03381

- NAo-no o)
0.05985
-0.05975

= X(edCus) .

- ~0.32703
10.32710

, - Naﬂ.QQOov

|
|
i

3 4

* N,,ao-oo-v. ' " . /

0.21946

-001970 B

g s i ol e ‘ A
7 ) . 1 i , |
T /! (O . . - W
. B M m /J |
o) . !
~ CELL DEVIATIONS M W . |
Nn.ﬁocoov ,J “ﬁc%ocvi.v‘ N , ,,
T= 1. 2 i - |
~0.02691 0.02698 | . ;
ﬂn.’o-rv - Nﬁorooow ,
A= 1 o2 ;
0.14715 -0.,18713 ¢ = - T~ P
X (seCas) = Xfereas) | o .
C = S -2 .3 4 | 5 W
Ll -0, 19220 0.13293 . 0433213 -0.24955 -0.02308
x//;//; L(ssseD) - X{eevia) ww - . ; %
b= 1 ‘2 3. 8 s 6 ]
. =0.21926 -0, 14981 | 0.61450 -0.31012 -0.04210 0.06550 0 |
- P | : | ) h
”AHD.|0,~ - ..NAO-,_OOW& V - Naﬂooo,ov + N‘ooc os) P
2= o - | |

.

0.01378

“n-’noow .l N.A-’o-\ow. * N&oooo-.v .
5 cC= 3 ‘ AN o //w 4 5 -
A 1 -0.10838  -0/00525  0.38526  =0.20535  -0.02603. . : : ,
~o2 0.10843 0.00535 .=0,38519 0.20548 - 0.02618 : ,
3 R N : : N
, ~ w | | ,xf, AN
. AN 1




v T m |
o . X(TeeeD) = I{esssD) = X(Tesol) * X(eosos)
D= v 2 3 | 4 5 6 |
= 1. 0,25751 10,08065 -0.44838 -0,06019 0.02325 - 0.17324 |
2 . =0.25750 ~0.,08060 0.48845 0.06021 -0.02320 -0.,173139
“A.P..U&. et NWO0.0U~ l.ﬂAo_Dooob, . ,vﬂaNAooooov : )
D= IR 2 . 3 4 . s, 8 |
= 3 0.12669 =-0.0706 0. 16580 ~0.07887 0.02033 -0.05519 .
2 -0.12668 . 0.,07067 . -0,1657s 0.,07890 - -0.02034 0.,05525
Naoonhﬂv - N,n.oo,o.bw‘ - NAoonoow; ON”AQQU.-u.
D= ' P2 | 3 o 5 | 6
= 1 -0.17729 10,07771 ~0.60543 0.02661 0.28752 0.,16670
2 0.213a6 <0.10682 ~0.47940 -0.01131 0.12180 0.23786
3 0,02737 <0.17147 1.58922 -0,03183 -0.12929 =0.66713
4 0. 11846 007607 -0.30738 0.08384 -0, 14455 0.139664
5 10,05078 0, 12885 ~0,19703 =0.02702 -0,13552 0012288
X(TAC..) . - X(.AC..) - X(T.C..) - X(Th..s) + X(eoCThé)
+* “AHcoouw - X !o.n.ou . . ,
@ B |
|
: |
| ) ¢
. . N ,
‘ g : o |
W ! o .
,uw » , W A N ” ’ t .




- ' |
I . : |

i . : RPRTEISRSIREE S e i iy e e Syamereyy oA R i
sl e s - e o i PR GRS e e R T A S g . g e "’
i |
! |
| W ; o
T= ‘ :
C = 1 2 3 4 | -5
= | 0.16577 0.02994  -0,08071 0417991, -0.29524
2 -0, 16591 -0.03008 - 0.08059 -0, 18005 0.29511
T 2 x
C= 1 2 3 . 5
= 1 «0.1659 -0.03008 . 0.08060 -0, 18005 0.29511
2 0,16577 0.0299% '-0,08071 0.17991, . -0.29524
X(TA..D) - X(.A,.D) - X(TeeeD) -~ X(TAeos) * X(sosoD)
4 NAH_oo-ov - Nn.u,.oov : . : :
T 9 | b
D = 1 2 J 3 4 , 5 6
= 9 -0.05779 -0.07764 -0, 48181 0.15269 0.13439 0.19322 .
.2 0.05774 © 0407755 1 0,448131__. -0,15276 ~-0,134489 -0,13331
T= "2 M | S
D= - R 2 3 4 5 6
= 1 0.05773 0.07755 L 0.48130  -0,15276 -0,13449 ~0.19331
2 =0.05779 =0.07764 ~0.48141 0.15269 0.13439 0.19322
X(T.C.D) - X(.+C.D) = X{TessD) - X{T.C..) *+ X(eseeD)
vQ Naﬂo-ocv l,NA.Joocw m & , . -
T = ! | <
= 1 0.0653 0.00107 0. 40465 0.11045 -0,26022 -0.13421 -0
.2 ~0.30246 -0:41608 | 0,28058 0.,02192 0.03432  0.17126 | O
3 0.25293 0.20071 -1,13318 0.,18431: 0.28629 - 0.238084 0
¢ =-0.21757 0.08120 1 0.17685 -0,05943 0, 17247 -0, 11392 -0
5 0.19785 0.13270 | 0.27062 -0.25759" -0.13327  -0.15558 0
. ¢ : A
T= 2 \ L o
D= 1 L2 3 9 . 5 6
1 -0, 06906 -0.,00123 — =0,40882 -0.11058 0.26006 0.13405
2 030238 ° 0.41592 -0,28076 -0.02206 -0,03849 -0.17142
3 - =0,25303 -0,20085 - 1.,13299 -0, 18442 -0.24643 -0.23817
4 0.21744 .=0,08136 =0, 17702 0.05929 -0.17263. 0.11376.
5 .=0.19797 -0,13288  ~0,27079 0.25747 0.13312  0.15543
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B P :n,:T;:..._:,.,..“Z.

——Y

S R TRt CRME A s

+ X

.

(soseD)

¢

6
-0.01682"7
0.22571
-0.30615
0. 10386
-0,0129)9

6
0.01666

~0,22588
0.30602

20..11003
0.01283.

- X(TAC..) . »
+ X(TAuos) -

SRR
. : i i
© ‘, | 7 .
[N |
] ) |
- {X(«AC4D) = X(eeCiD) = X{eds.D) - X(.AC..)
¢ Nn.’o.l— - N»Ao.wﬂo.v ” ;
A w, 1 @ ; m
~ D= 1 c 2 y 4 5
1 0.01274 0.32274 =0. ow-nm 0.03653 -0.13261
2 -0.00140 -0.19762 - Lo 38339 . 0.01360 0.09457
3 -0,02869 -0.28884 -0.22033 -0, 14761
) =0.17360 -0.,08718 0.18463 0.03930
5 0. 19065 0.07618 0.02578 0. 085934
A= 2 L
D = X 2 8 5
1 -0.01287 -0.32290 -0.03666 - 0,13244
2 0.00127 0.13746 - -0,01375 -0.09475
3 0.02859 ‘0.28870 0; 26578 0.22081 0.14746
4 .c.adwaw. -0.08730 0. 52469 =0, 14483 ~0.03347
S =0. 19077 lo.nﬂawu Wu.womao -0,02591 -0.08610
X(TAC.D) -~ X(.AC.D) = X(T.C.D) - X(Th..D)
4 NAQ.00U~ - . NA“.Q.Q- 1 "Au—nouv + Hﬁﬂono,ov
- Nu,.o.noi\v - Nﬂno’)..v , NAH....V + ﬂnld...v
|
B , N
4 | ' '
El 7
i
1
| |
. ;
e |
1
|
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o . om S
[} ) - ]

VEW N -

HI
D=

1
2
3
by
5

B Ll

I W

1
0.02123
0.07027
0.07041
0.05408

<0,21557

! A=

|
-0.07003
-0.07026
-0,0539%

0.21573

2 JK =

2

1
-0,02106
-0.07009
-0,07026

0.21573

A =

1
0.02123
0.07027
0,07041
0.05408
-0.21556

4o A PR

G e TS T G -
i | ,
| i
d |
| ,
|2 o 3 “
-0,17377 | 0.52658 0.05954
-0.15717- | 0.,05457 0.12492
0.56850 . -1,49661 0.04994
=0.11625  0,16936 0.0825%
o d ,, 3 4
0.17397 | -0.52636  =0,05935
0.15737 -~ -0.05438  -0,1247%
-0.56832 ' 1,49680 -0.04978
0.12102  -0,7u642 0.27669
. 0.11685° -0,16915 -0,006237
02 | 3 ]
0.17398  -0,52635 -0,05935
0,.15738 ~0. 05438 ~-0,12473
-0,56833 | 1,49680 .-0.04978
0,12102  =0,74542 0.27669
0.,11686  |-0,16315 -0,04237
2 3 3
-0.17376 | 0.52657 0.05958
0415717 . 0.05456 0.12098
0.56851 =1.49661 0.08994
-0412081 1 0.78668  -0,27650
~0.11625 | 0.16936  0.048255
. 7.

e

5
=0,12345
0.01320

0.258682 -

-0.13486

~0,01278

5
0.12366

-0.01298

-0.25823
0.13508
0.01299

0.12367
' +0.01298
-0,25823
0.13507
0.01300

5 i
lco ._NUCU
0.01320
0.25882
~0,13886
UOOOdNQW

I

»

\

6 _
0.01213
-0.13103

- =0,10352

5
0.13637

=0,01192

-o. 35890
0.13124
0.10372,

6
0,13637
~0,01191
-0.35891
‘0.13124

.6
-0.13616

0.01213
-0.35308
-0.13103

=0.10352

! e ;_Hfﬂma.w_,xﬁiqﬁﬁ&zuﬁ%ﬁm@ﬂ.{E S

-0
-0

0
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