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‘
~ rhe purpose of this study was to analyze electroencepha lographic (EEG ) records
obtained from heroin dependent individuals during withdrawal. The EEG records
were analyzed for various awake and sleep states according to stan’lard tech-

• ni ques. The records were scored on a minute to minute basis into awake, awake
Wi pha rhythm , slow wave slee p stages I , II , I I I , an d IV , and ran id eye
movement (REM) sleep states. From a totaF of 25 subjects , five control sub-
jects and four patients have been analyzed to date. All scored EEG data were

i transferred to coniputer files for subsequent analysis and plottin g . -

1 )The preliminary results indicate that the control subjects exhibited fairly
standard sleep patterns.in that they showed the typical “first night effect”
,‘~~~~~e T ~ TsThptTon o sleep associated with a suppression in the amount of• REM sleep) followed by a stabilization of the sleep patterns on consecutive
ni ghts. The percentage of the various sleep-waking states for the control

• L ub~ects were within normal_ value~~~ The patients undergoing heroin with-
drawa isp a~~Wi~~ nTte disruption in the total sleep pattern which was
charac terized by an increase in the awake and awake plus alpha states , a
decrease in some of the slow wave sleep states, and ~ greater sunoression of• the REM sleep state. Further analysis of the EEG data from the rerlainina
heroin dependent pat ts is necessary to more adequa tely describe these
altera tions in the s~~~~~aking patterns.
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SUMMARY

The purpose of this study was to ana lyze electroencepha lographic (EEG) records
• obtained from heroin dependent individuals during withdrawal. The EEG records

were anal yzed for various awake ~nd sleep states according to standard tech-
niques . The records were scored on a minute to minute basis into awake, awake
with alpha rhythm , slow wave sl eep sta ges I , II , I I I , and IV , and rapid eye
movement (REM) sleep states. From a total of 25 subjects , five control sub-
jects and four patients have been analyzed to date . All scored EEG data were
transferred to computer files for subsequent analysis and plotting .

The prel imi nary results indicate that the control subjects exhibited fairly
standard sleep patterns in that they showed the typical “fi rst night effect”
(a general d isruption of sleep associated with a suppression in the amount of
REM sleep) followed by a stabilization of the sleep patterns on consecutive
nights. The percentage of the various sleep-waking states for the control
subjects were within normal values. The patients undergoing heroin with-
drawal displayed a definite disruption in the total sleep pattern which was

• characterized by an increase in the awake and awake plus alpha states, a
decrease in some of the slow wave sleep states, and a greater suppression of
the REM sleep state. Further analysis of the EEG data from the remaining - •

heroin dependent patients is necessary to more adequately describe these
alterations in the sleep-waking patterns.
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FORWARD

Several studies have been in progress over the past several years
• i nvestigating biorhythm ic phenomena In drug abuse, substitution therapy , and

abstinence . One such study , conducted in 1972 by the Department of Experi-
mental Psychophysiology , Wa l ter Reed Army Institute of Research (Project
3A06211OA823 , Work Un it 032), involved the continuous monitoring of physio-
log ica l systems during wi thdrawa l f rom heroin in military personnel stationed
in the Republic of Viet Nam . This research project was conducted at the
24th Evacuation Hospital , Long B i nh Pos t, between April and June of 1972 by
members of a field research team from Walter Reed . During this study , severa l
electrophysiological parameters were obtained including electroencephalogram
(EEG) , electroocu lograrn (EOG), electromyogram (EMG) , electrocardiogram (EK(~),electro phneumo gram (EPG ) , and electrogastrogram (EGG). The LEG and LOG data
are crit ica l in the analysis of sleep—waking states in an individual. In addit ion ,
knowled ge of these behav ioral states is essent ial i n the interpre ta ti on of the
other physiologica l parameters, such as hear t ra te, respiration , and gastric
mot i l i ty , also collec ted in this study . There fore , the purpose of this research
project was to ana lyze the EEG records obtained in the above study for EEG
patterns and/or abnormalities associated with heroin withdrawal.
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1. General Background

Within the past several years, a variety of studies have focused upon the
general area of drug abuse , addiction , and wi thdrawal. Investigations of bio—
rhythmi c phenomena re la ted to drug abuse , substitution therapy and abstinence have
been conducted in animals , in the civilian addict population and in the military .• One such study, conducted by the Department of Experimenta l Psychophysiology ,
Wa lter Reed Army Institute of’Research (Robinson et al . 1972), involved the
continuous monitoring of multiple physiological systems during withdrawal from
heroin in military personnel stationed in the Republic of Viet Mam. This research
project was conduc ted a t the 24th Evacuat ion Hos pit al , Long Binh Post, between
Apri l and June of 1972 by members of a field research team from Walter Reed .
During this study , several electrophysiological parameters were obtained including
electroencephalogram (EEG), electrooculogram (EOG), elec trocar diogram (EKG ) ,
electrophneumogram (EPG), and electrogastrogram (EGG). The purpose of this
research project was to analyze the EEG records obtained in the above study for
EEG patterns and/or abnormalities associated wi th heroin wi thdrawal .

• Physiology , pharmacology and clinical aspects of heroin dependence have
been well examined in civil ian patients . However, the heroin using population in
V iet Nan d i ffered subs tantiall y from these civ i l i an grou ps i n several ways
(Robinson et al . 1974 a, b , c). Heroin dependent individuals in the United States
use a wide range of drugs concurrently, administer the drugs intravenously, and
have len gthy an d complex dru g and medi cal h istories . The dru gs obta ined are
relatively impure and frequently contain other nharmacoloqically active adulterants .
In addition , the opiate abstinence syndrome has often been obscured by oharma-
cological intervention to alleviate discomfort. It has also been difficult to
ascertain the direct effects of heroin as opposed to the effects of disease and :1
malnutrition associated with heroin dependence in the United States. In contrast,
the majority of heroin users in Viet Nan seldom consumed other drugs while using
heroin and administered the drug by nasopulmonary routes (smoking as an admixture
wi th tobacco or forceful inhalation of the crystalline drug into the nostrils).
The Viet Nan heroin user generally had no prior experience with heroin or other
opiates (Robins , 1973) and hence did not have a complex drug history . Heroin in
Viet Nan was of very high puri ty (92-98%) (Baker, 1972) . Abs ti nence symptoms
were relatively mild in these young heroin users who appeared to be considerably
heal thier than the stateside heroin addict. Thus, the Viet flam heroin user pro-

• vided an inadvertent model to study the effects of pure heroin without many of
the problems inherent to the civilian addict population .

• 
• Several studies have observed the presence of biological rhythms in physio—

logical and behavioral activities (Crowley et al. 1972; Fort, Mills, 1972; Hauty,
• Smith , 1972; Hildebran dt , Engel , 1972; Hockey , Colquhou n , 1972 ; Tanqua y et al .

1973). Some of these ul tradian osci l la tions were ini tially descri bed in sleep
(Dement , Kleit m a n , 1957; Kleitman, 1969; Webb, Agnew , 1967). Dement and Klei tman
(1957) were the first to show that EEG activity , rapid eye movements and body
movem ents all exhibited a 90-100 mi nute cycle due to alternation of rapid eye
movement (REM) sleep and non-REM (slow wave) sleep . This has since been confirmed
in other studies (Globus, 1970; Globus et al . 1973; kriDke, 1972; Lub in et al .
1973; Lucas, Sterman , 1975; Naitob et al. 1973). More recently it was nostlilated
that the 90 minute REM sleep cycle was a reflection of the basic rest-activity

P cycle (BRAC) occurring throughout the 24 hour day (Kleitman, 1969; Sterman , 1972).
Severa l investigations have given support to this position. Webb and Aonew (1967 )

•1
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observed a 24 hour cycl ing of REM and slow wave sleep. tJltradian oscillation in
-- EOG activity (Howe eta !. 1973; Kripke ,, 1972), EMG activi ty (Gl obus et a l .  1973;

Kripke , 1972), gastric activity (Hiatt~, Kripke, 1972) and in heart ri€&TAldredqe ,
• Welc h , 1973; Kripke , 1972; Orr , Ho ffman , 1974) have been reported. In a study

-~ 
• • measuring the periodicity within sleep (the REM cycle) and waking (performance

cycles), no sig n i f i can t di fference was fou nd between the REM sl eep cyc l e and• performance cycle (Sterman et al. 1972). Thus , the presence of an ultradian
90-100 minute rest-activity cycle occurring throughout the 24-hour day has been

• established as a fundamenta l aspect of centra l nervous system physiology . Further
4 specul ations have been mad e that the REM sleep cycle i s reall y a man ifesta ti on

of the basic rest-activity cycle during sleep (Sterman, 1972).

• 

- In considering the relationship of biological rhythms to sleep , two funda-
men tal cycles must be exam i ned - the REM s leep cycle (app rox ima tel y 90 m i nu tes)
and the sleep-wa king cycle (approximately 25 hours). Poor sleep is not only marked
by frequent awakenings , but frequen t sh ifts i n the LEG slee p stages a l so occur an d
the usual 90-100 minute cycle is no longer seen. This disruption of the sleep
cycle has been clearl y demons tra ted i n the chron ic al cohol ic dur ing withd rawa l
(Johnson , 1973). It was suggested that the disruption of these cycles may be
more relevan t to wak i ng behav ior than the tota l amoun t of wakefu l ness or time
spent in sleep stages . The qtmestion remains as to what are the effects of heroin
withdrawa l on these biolog ical rhythms .

The effect of opiate drugs on the centra l nervous system has been examined
qu ite well in animals (Colasanti et al . 1975; Echols , Jewett, 1972; Khazan ,
Colasanti , 1971 , 1972; Nash et al. 1973; Young et al. 1975). In morphine dependent
ra ts upon wi thdrawal , both the duration and mean LEG voltage output of REM sleeo
episodes decl i ned to m in imal levels the fi rst day an d rema i ned be l ow con trol
levels up to the third day (Colasanti et al . 1975; Khazan , Colasanti , 1972). This
was fol l owed by a rebound in REM sleep time above control levels up to the 12th
day. In the cat, a si ngle dose of mor phi ne was shown to increase wakefulness and
to suppress both non-REM (slow wave) sleep and REM sleep (Echols , Jewett, 1972).

The su pp ressan t effec t of opi ates on sleep an d REM slee p in ex per imental
• animals has also been demonstrated in human studies . Kay et al (1969) found

• evi dence of a delayed rebound excess of REM sleep subsequent to the initial sup-
pression resulting from an acute dose of morphine . After self-administration of
hero i n for up to seven days , Lew is et a l .  ( 1970) repor ted a sun press ion of REM
sleep an d an increase in drowsiness dur i ng the dru g adm i n i stra tion per i od an d an
immediate increase in REM sleep upon withdrawal. It was also noted that the
reboun d in REM sleep rema ine d ev iden t for two to three mon ths followin g the acu te
withdrawal phase.

During chronic administration of morphine , Kay (1973; 1975) noted that REM
sleep was si gnificantly decreased during both the induction and the stable phase.
The number of REM sleep episodes remained low and the REM sleep cycle was longer
in duration during both phases, while the mean REM sleep episode durati on was
diminished only during the induction phase. Thus, in a chron ic heroin dependen t
indiv idua l , the number of REM sleep episodes should be decreased , the REM sleep

• cycle should be increased , but the duration of each REM epoch should he near
control values . This would suggest a direct effect of morphine upon the central
nervous system mechanism responsible for the REM sleep cycle which may be, as
mentioned earl ier , a reflection of the ultradian basic rest-activity cycle.

2
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Therefore , in order to study the effects of morphine upon these cycles , it
is necessary to examine data obtained on a cont inuous 24-hour basis. The human
data described above were obtai ned only dur ing nightly recording sess ions. Th i s
study is unique in that the data were collected on a continuous 24-hour basis for
up to six consecutive days , thus permitting an analysis of the effects of heroin
withdrawa l upon these various biological rhythms . As the EEG is an indica tor of
behav ioral s tates , it can be used to examine the alterations in the sleep-waking
and REM sle ep cycle assoc iated w ith hero i n w i thdrawal.

- 
2. Methods

The methodological objective of this research project was to analyze EEG

I data obtained from heroin dependent individuals during acute withdrawal. These
• data were from twenty patients and five drug-free control subjects and totaled

2,602 hours of continuous recording time . The demographic data and heroin use
history for these subjects have already been published (Robinson et al . l974a,
b , c) ~nd i s summar i zed i n Tabl es I and II. The EEG and EOG data from four
patient and five control subjects have been analyzed to da te. Parts of the EKG
and EOG data have been analyzed by other investigators originally involved in

I this study (Hegge et al . 1973).

• The EEG records were analyzed for various awake and sleep states according
to standard techniques (Rectschaffen , Kales , 1968) . T he EEG data were score d on
a minute by minute basis into awake , awake ~;ith alpha rhythm , s l ow wave sle ep

-
~ stages I, II, III , and IV , and rapid eye movement (REM) sleep. An “undefined”

category was also used for those time intervals where the EEG signal was missing
or uninterpretable. Independent reading and cross checking of the scores was
also performed in order to control the quality and accuracy of the EEG data .

During the recording of these data , a monopolar LEG lead referenced to an
EOG lead was used . These leads also detected EMt activity from the head muscles .
Thus , EEG , EOG , and head EMG were multiplexed on the same data channel . As the
frequency range of E~1G is considerably higher than EOG and EEG , bandpass fi l tering

• was performed during playback of these data onto paper records in order to remove
• the EMG activity . Further separation of the EOG and EEG activity by fi l tering

is not possible, as the i r frequency bands overl ap . Howev er , amplitudes of these
• physiological parameters differ considerably in that EEG is in the microvolt range
• and EOG is in the m iIliv o lt range. By decreasing the gain during playback , it

was possible to retain the EOG activity while totally suppressing all EEG signals.
Thus, during playback of the multiplexed signals from magnetic tape to paper
records , three channels were recorded : 1) the raw unfi l tered multiplexed signal
w i th EMS, 2) the fi l tered EEG channel with EOG , and 3) the filtered LOG channel.
Standard sleep EEG records should contain one EEG channel , two LOG channels , and

• an EMS channel (Rectschaffen, Kales , 1968). However, the usefulness of the EMS
in scor ing sleep sta tes has been cri tic i zed recently as it tends to be more
closely associated wi th body position rather than sleep stages. The data obtained
in this study have one EEG channel , one EOG channe l , and some EMS.

The major difference between standard techniques and those used in this
study was in the placement of the EEG electrodes . Standard sleep LEG records are

• obtained from electrodes placed at the C3 or C4 posi tions and referenced to an
I indifferent ear electrode on the contralateral side. This placement was selected

J to more clearly detect sleep spindles, K complexes , and vertex sharp waves which
are used primarily in scoring Stage II sleep . However, in this study , the detection
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• of wakefulness was just as important as sleep, es pecially dur ing early w i thdrawa l
I where sleep is suppressed and wake fulness is enhanced . The al pha rhythm, an• 8-12 Hz EEG pattern recorded primarily from the occipital  corte x , is associa ted

with an awake individual usually with eyes closed . Furthermore , it was anticipated
that during early wi thdrai.~;a1 the patients would attempt to sleep but would be

• unab le , i.e., would be in bed with eyes closed , but still awake. The best
approach in evaluating this state is to record the alpha rhythm. The,’~fore, theEEG electrode was placed over the occipital cortex in the standard 02 position
from which both alpha rhythm and genera l EEG patterns could be recorded .

As stated in an earlier quarterly report , the analysis of the EEC records
progressed slower than initially estimnated due to severa l factors. First , the
EEC signals were recorded using a non-standard placement of the EEC electrodes ,

:~ the 02 position to a fronta l indifferent. These positions were selected in order
to multipl ex EOG and EEG s ig nals on the same telemetr .y channel and to better record

- 
= the occipitally located alpha rhythm associated with an awake individual with eyes

closed . This non-standard placement of the EEC electrodes was not suitable for •

clearly record i ng slee p spi nd les , K complexes and vertex sharp waves . These
particular EEG patterns are used in scoring stage II sleep which normally occupies
approximately 5O~ of a norma l sleep record . Because many of the EEG records in
this study did not possess these typical EEG patterns associated wi th sleep, the

-; interpretation and reading of the EEC records was considerably more difficult and
slower.

Another factor that contributed to the difficulty in reading the EEC records
- 

- 
was gain changes associated with physical displacement of the tel emetry transmitters 

-

by the subjects during the initial recording. The scoring of EEC data is dependent
not only upon particular EEG patterns but also upon the amplitude of these signals. •~

For exam p le , the amplitude of the EEC normally increases as an individual pro-
gresses from Stage I to Stages 11, III , and IV slow wave sleep, then decreases
cons iderably in the REM slee p s tate. In add iti on , body movements or position
changes , suc h as roll ing over, normally occur in sleep during transitional periods
between the major sleep states. Many of the subjects in this study likewise dis-

• played changes in body position during sleep which was sometimes associated with
amplitude changes in the EEG . In order to compensate for these amplitude changes ,
it was necessary to read the LEG records both forward and backward to properly
interpret the various sleep states .

A thi rd but less important fac tor that increase d the data reduction time
involve d the anal ys i s of the records into the standard EEG states. In the initi al
research protocol , it was stated that the records would be scored into four main
categories: awake (no alpha), awake with al pha rhythm, non-REM sleep (Stages I-IV),
and REM sleep . These resul ts would then be different from that normally reported
in the literature , thus making their interpretation considerably more difficult.
Therefore, it was decided to attempt to score all of the EEG states in the first

H several subjects to determine if this was even possible. In spite of the non—
standar d electrode placement and gain problems , ana lysis of the LEG records into
all of the standard sleep states was possible. The scoring of all these behavioral
states increased the data reduction time but added considerable meaning to the
overall interpretation of the results .

• The scored EEC data was then collated on the computer into continuous 24-hour
blocks . The raw scored minute by minute EEC da~a was first punched onto paper tape,using an appropriate alpha-numeric code for each behav iora l state, and then read
into the computer into 24-hour data blocks (1440 data values mer day). The paper
tapes also served as the permanent backup records. The 24—hour data blocks were
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smoothed ~nd plo tted for v i sual ins pec ti on of the behav ioral state changes.
Percentag~s of the various behaviora l states was calculated for both addict and
control groups on a 24 hour basis. The purpose of this analysis was to determine

• the relative time a subject is in each state during a day as well as across days.
Total time in minutes was also summated for these various time intervals. Since
the minute by minute data for the subjects for the total recording time is available
on the computer , any time i nterval (other than those mentioned above) could be
exami ned for the various awake and sleep states . Programs were developed to merge
the 24-hour data blocks into single conti nuous data files for the entire recording
time (5-7 days), to recode the raw alpha-numeric files into 24-hour data files
(1440 data values per day), to calculate the percentages of the various behaviora l
states over a 24-hour intervaL to calculate the percentages of the sleep states

• only, to smooth the data files , and to plot the files for visua l examination of the
EEG states over a complete day.

3. Preliminary Results

As men tioned earlier , only a portion of the EEC data has been analyzed . Pre-
liminary results from the EEG data indicate that the percentages of the various

- • sleep states for the control subjects were wi thin normal values over consecutive
recording days. In additi on , the controls showed a typical “first night effect” ,

• i.e. a genera l disruption of sleep and decrease in several sleep stages , including
• REM sleep. Figures 1 and 2 display the percentages of the sleep states over severa l

days for two control subjects . In contrast to this , the heroin dependent patients
duri ng withdrawal showed definite changes in sleep characterized by an increase in
awake pl us alp ha rhythm and stage I and a decrease in slow wave sle ep stage TI
(Figures 3 and 4). One patient (Figure 3) showed a marked suppression of REM sleep
across all days , whereas the other patient (Figure 4) only showed a decrease in the
amount of REM sleep on days 3 and 5.

In addition , the sequential patterning of these behavioral states across the
24 hour day was considerably different between the control and heroin user subjects
(Figures 5 and 6). The control subjects tended to sleep during a continuous block
of time , whereas the heroin dependent patients during withdrawal showed attempts
to sleep throughout the day. Further analysis of the data from the remaining
hero in dependent subjec ts i s requ i red to make any definite conclus ions regardi ng
these resul ts.

4. FIgure Legends and Figures

Figure 1 Percentages of the sleep states over seven days for control
subject O2PK. The symbol legend is as follows : alpha =

awake plus alpha rhythm state; 1—4= Slow wave sleep stages
I, II , III , and IV; REM = Rapid Eye Movement sleep state.

Figure 2 Percentages of the sleep states over five days for control
subject 11WB . The symbol legend is the same as in Figure 1.

Figure 3 Percentages of the sleep states over seven days for heroin
-
~~ user subject O1BJ during wi thdrawal. The symbol legend is

the same as in Figure 1.

Figure 4 Percentages of the sleep states over five days for heroin
user subject 03M0 during wi thdrawal. The symbol legend is
the same as in Fi gure 1.
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Figui- ~ 5 Plot of the awake and sleep states for control sub•ject O2PK ,
record ing dciy 4. The table in the lower part contains the
behaviora l state percentages and time in minutes for the
same subject based on 24 hours and based on total sleep only.

Figure 6 Plot of the awake and sleep states for heroin user subject
Ol E~J , day 1. The table in the lower part contains the
behavioral state percentages and time in minutes for the
same subject based on 24 hours and based on total sleep only.

5. Conclusions and Recommendations

The information collected in this heroin withdrawa l study is unique in that
the drug dependent individuals were using pure heroin and the data were collected
on a continuous 24-hour per day basis. This type of information has never been
collected in any other drug study to date . The analysis of these data is extremely
important in the understanding of drug dependence and withdrawal.

The EEC records from the control subjects are also important in determining how
the sleep-waking patterns of a normal individual are affected by a hospita l ward
environment and how these patterns ad•just or change over time . The records obtained
from the addict group will permit an in—depth analysis of the alterations in the
sleep-waking patterns associated with the acute phase of heroin wi thdrawa l and the
beginning of the recovery phase.

The other physiological data collected from the withdrawal study will assist
in the interpretation of the effects of heroin withd i awa l upon severa l autonomi c
nervous system related functions , such as heart rate, respiration and gastric
motility . The results of this and other related studies may provide a means for
improving the prognosis of heroin dependent individuals. -

In summary , considerable progress was made t~,is year both in the scoring of
the LEG records and in the development of the computer orograms to process these
data . As mentioned earlier , nine out of 25 subjects were completed , which included
four heroin dependent patients and five control subjects . However , in order to
make any meaningful conclusions regarding the sleep and waking patterns associated

LI - with heroin withdrawa l , it would be necessary to complete the analysis of the
remaining heroin dependent subjects.

14

— ..-—— • — • - ~~~~~~ - - - -.— .- -~~ • - 
~~~~~~~ - -  ~ ~~~- • ~~~~~ ‘r~ ,, 

~~~~~~~~~~~~ — -~ /liIIiI~~ r ... [] . )]fl 1 iI~~~ J~f~~ 1 1l~~UIL ~ ~~~~~~~~



;— - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~ •-— ••— ~••-• -~~~~~.••-•-—‘-~ —•• - -•-——--- •.--•- — ~~~~~~~~~~~~~ _

~~

-

~

•_--_- -,,- -

Bl~ TC 1; I~AP H Y

Aldred çje , J .L., Welch , A.J. Vari~ tions of heart rate during sleep as a function
of the sleep cycle. Electroeniceph. Clin . Neurophys iol., ~5: 193—198, 1973.

Baker , S.L. U.S. Army heroin abuse identi fication program in Viet riam: Implications
for a methadone program. /\i: er. J. Publi c Hea l th , 62: 857-869, 1972.

Colasanti , B., Ki rchman , A., Khazan , N. Changes in the electroencephalo gram and
REt-I sleep time during morphine abstinence in pellet — implanted rats. Research
Commun. in Chemical Path. and Pharm., 12: 163—172 , 1975.

Crowley , T.J., Kripke , D.F. , Halberg , F., Pegram , n .y., Schildkr aut , J.J. Circadian
rhythms of Macaca mulatt:~ Sleep, EEC , body and eye movement , and temperature .
Pr imates , 13: 149-168, 1972.

Dement , W ., Kleitman , N. Cyclic variations in EEC during sleep and their relation
to eye movemen ts , body motility , and dreaming . Electroenceph. Clin. Neuro-
physiol., 9: 673—690, 1957.

Echo l s , S.D., Jewett , R.E. Effects of morphine on sleep in the cat. Psychopharma-
colo gi a , 24: 435-448, 1972.

• Fort, A., Mills , J.N. In fluence of sleep, lack of sleep and circadian rhythm on
short psychometric tests. In Aspects of Human Efficiencyj_Diurnal_~~y th m  and
Loss of Sleep, Coiquhoun , W.P. (Ed.), English Universities Press , London , pp.
115—12 7, 1972.

Glob~s, G.G. Quantification of the REM cycle as a rhythm . Psychophysiol., 7: 248-
253, 1970.

Glo bus , G.G., Phoebus , E.C., Humphries , J., Boyd , R., Sharp , R. Ultradian rhythms
in human telemetered gross motor activity . Aerospace ‘ledicine , 44: 8R2-887,
1973.

Hauty , G.T., Smith , F.L. Psycholog ical correlates of physiolo gical circadian pen —
odicity . In Aspects of Human Efficiençy : Diurna l Rhythm and Loss of Sleep,
Co lquhoun , W.P. (Ed.), Engli sh Un i vers iti es Pres s, London , pp. 59-74, 1972.

Hegge, F.W., Robinson , M.G. , Howe , R.C. Some circadian and ultradian aspects of
;‘ abs ti nence from heroin: Cyc l es in hear t period and frequency of gross eye

movements. Proc. XI Intl. Society for Chronobiology , July 1973.

Hiatt , J.F., Kripke , D.F. liltradian rhythms in waking gastric activity . Psychoso-
matic Medicine , 37: 320-325, 1975.

Hildebrandt , C., Engel , P. The relation between diurna l variations in psychic and
physical performance. In Aspects of Human Efficiency : Diurna l Rhythm and
Loss of Sleel, Colquhoun , W.P. (Ed.), English Universi ties Press , London,
pp. 231-240, 1972.

Hockey, G.R.J., Colquhoun , W.P . Diurna l variation in human performance : A review.
In ~ J~cts of Human Efficiency : Diurna l Rhythm and Loss of Sleep, Colguhoun ,
W.P. (Ed.), English Universities Press, London , pp. 1-23 , 1972.

15

• - - -•



- - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~‘ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ - ~~ -~~--~~ -~~~~~~~~~~~ ~~~~~~~~~~~~~

j IIOlt.z~i~:~ , s.c., Villa r icAl , J.E. Morphine dependence and body temperature in
rhesu . ; i d ~eys. J. Pharmacol . Exi~. Ther., 166: 125—133 , 1969.

Hm~c , R.C., Robinson , !i.G., Siegel , H.W., Hego-~. F.W. Alter ations in circadian
and u1tr ~-di an biorhy L~!is during withdrawa l from heroin. Abstract , ~ssoc .
Psyc =ophysiol . Study of Sleep, San Diego , p. 174, 1.73.

Johnson , L.C. Are stages of sleep related to waking behavior? Amer. Scientist ,
61: f— ~ 3 , 1973.

• Kay, D.C. Slcep and so:~1 -~ psychoactive drugs . Psychosomatics , 14: 108-118, 1973.

Kay, D.C. Human sleep during chronic morphine intoxication . Psychopharmacoloaia ,
44: 117-124 , 1975. -

Kay, D.C., Eisenstein , R.B., Jasinski , D.R. Morphine effects on human REM state,
wakiag state, and NREM slee p . Ps ychoo ha rmacolo gia , 14: 404—416, 1969.

Khazan , FL , Co lasan ti , B. EEG correlates of morph ine challenge in post-addict rats .
• Psychopharmacologia , 22: 56—63 , 1971.

Kh a zan , N., Colasanti , B. Protracted rebound in rapid eye movement sleep time and
electroencephalogram voltage output in morphine -dependent rats upon withdrawal.
J. Pharmacol . Exp. Ther., 183: 23—30 , 1972.

Kleitman , N. Basic rest-activity cycle in relation to sleep and wakefulness. In
Sleep : Physiology and Pathology, Kales , A. (Ed.), Lippincott , Philadelphia ,
pp. 33-38, 1969.

Kripke , D.F. An ultrad ian biological rhythm associated with oerceptua l deonivation -and REM sleep. Psychosomatic Medic ine , 34: 221-234, 1972.

Lew i s , S.A., Oswald , I., Evans , J.I., Akindele , M.0., Tompsett , S.L. Heroin and
human sleep. Electroenceph. Clin. Meurophysiol., 28: 374-381 , 1970.

L u b i n , A.,  Nute , C., Na i toh , P. EEG delta activity during human sleep as a damped
ultradian rhythm . Psychophysiol., 10: 27—35 , 1973.

Lucas , E.A., Sterman , M.B. Effect of a forebrain les i on on the polycyclic sleep-
wake cycle and sleep-wa ke patterns in the cat. Exper. Neurology , 46: 368-
388, 1975.

Naitoh , P., Johnson , L.C., Lub in,, A. , Nute, C. Computer ex trac tion of an ultradian
cycle in sleep from manually scored sleep stages . Intl. J. Chronobio l ., 1:
223-234, 1973.

Nash , P., Colasan ti , B., Khazan , N. Long-term effects of morphine on the electro-
encephalogram and behav ior of the rat. Psychopharmacologia , 29: 271-276,
1973.

Orr , W.C. ,  Hoffman, H.J. A 90-mm cardiac biorhythm: Methodology and data analysis
using modified periodograms and complex demodulation . IEEE Transactions on
Biomedica l Engineering , BME-21 : 130-143, 1974.

16

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



~r , 
~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Rectschaffen , A. ,  Kales , A. (Eds.). A manual of standardiz ed ter;ninoloqy, tech-
niq. ~s and ~conirig system for sleep stages of hu~nn subjects . !1Il1 Publication
No. 204 , U.S. Govcrn~~i~t Printing Off ice , Washington , D.C.,  1968.

Robins , L.N. A follow-up of Viet ~ ir~m dru’i users . Special Action Office for Drug
Abuse Prevention Mom~çraph , Series A , Nuu [,er 1, Executive Office of the Presi-
dent , Washington , D.C., A~ri1 1973.

Robinson , M .G. , H~n’:e, R.C. , 1~e~: ~~, N .U. , Siegel , H .W . , ~eqge , F.W. Acute hero in
wi thdra~sal in V j ~ t N~m n . An imnuno ’ hcHcal eva lu ;tion of excretion. Clin.
Pharmuacol . The n., 16: 303—309 , 1974 (a) .

Robinson , M.G., Howe R.C.,  Varni , J.G., Ream , f l .W . ,  Hegge , F.W. Assessment of
pupil size during heroin withdrawa l in Viet ~iam . Neurology, 24: 729-732,
1974(b) .

Robinson , M.G. , Siegel , H.W.,  Howe , R.C . ,  Hegae , F.W . Continuous monitoring of
multiple physiological systems during withdrawal from heroin in military
personnel stationed in RVN. Initial Project Report , Proj ect No. 3Afl62 l10i\ 5~23 ,
Research in Military Psychiatry , Work Unit 032 , Drug Abuse in Military
Personnel , 55 pages , October , 1972.

Robinson , FtC. , Siegel , H.tI., Howe , R.C. ,  Ream , N. W . , Hegge , F.W .  Biochemical
and clinical findings during acute heroin withdrawa l in Viet Nam : A pre-
liminary report. In Druq Addiction , (Vol . 3) , Singh , 3.M., Miller , L., Lal ,
H. (eds.) , Futura Publishing Company , Mount  Kisco , New York , (In Press),
1974(c) .

Sterman , M .B. The basic rest-activity cycle and sleep : Developmenta l considerations
in man and cat. In ~j~~2_~nd the Maturing Nervous System , Academic Press ,
New York , pp. 175-197 , 1972.

Sterman , M.B., Lucas , E.A. , Macdonald , L.R . Periodicit y within sleep and operant
performance in the cat. Brain Research , 38: 327-341 , 1972.

Tanquay , P.E., O r n i t z , E.M., Forsythe , A.B. ,  Lee , J.C. M. , Hartnian , P. Basic rest—
activity cycle rhythms in the human auditory evoked response. Electroenceph .
Clin. Neurophysiol., 34: 593—603 , 1973.

.1 Webb , W.,  Agnew , H. Sleep cycling wi thin the twenty-four hour period . J. Exper.
Psychology , 74: 167—1 69 , 1967.

Young , G.A.,  Moreton , J.E., F-Ieltzer , L., Khaz an , N. REM sleep distributions in
post—addict rats relapsing to morphine self-administration : Effects of Naloxone

• - subcu taneous pellets . Research Conimun. in Chemical Path . and Pharm., 11: 355-
363, 1975.

I
17

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~
-• •~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

•
~~ --

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



r v ~~ 

- • 

~~~~

-

~~~~~~~~~~~~~~~~

—

~

—- .—•- — — -.-.-—- —

~~

—

~~

- 

~~

— -- 

~~~~~~~~~~~~~~~~~~~~~~~ 

-

~~~~~~

-

~~~~~

-

~~

-- - - ----- .

~~~

-..—. 

~~
—
~

— = ——--
~

-

EEC S T A T E S
SUBJEC T NC . ; - . : ~ D A Y :  0

A .

¶ 
~ 

I
I ~:1. -

H 2~

3 .  II

R .

I I I I I I I ’ I I I ’ I
~~~~~~~~~~~~~

I m , 1 J  m

0 2 4 C 8 10 12 14 IC 18 20 22 24

HOURS

i i i  • •

EEC S T A T E S
SUBJECT NO~~:~~ D A Y : ~

I I I I I  [ l u l l  I i i  I I I 1 1 1 1 F

0 2 4 6 8 10 12 i i  16 1 8 20 22 21

HOURS

• 
• 

• 

Al

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • —.~~~~~ • -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :~~~
t 

-
~~~~.-



-‘
~~

•-
~~~~~~~~~

— - - — -
~~~~ ~~~ --~~-- ~~~~~~~~~ - •- .--~~~~~~ - .,,.~~~~~..~-~— -r---.---- ’-.,--- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

EEC S T A T E S
S U B J E C T  NO.  : ~ D A Y :  2

I I I i I I I J I  I I I

0 2 4 C 8 IZ 12 14 26 28 20 22 24
-

• 

HOURS

EEC S T A T E S
SUBJECT NO . : ~ D A Y :  3

I I  I I I I I 
1~ 

I i  I i

L HOU RS

• 
• A2

I ,

~~~~~~~~ - - ••~~~~:~~~ _______  

-
~~ -



- 

r - ~~~~ ”-~ 
-— 
——fl,.. - ~~~~~~~~~~~~~~~~~~ ~ w . ~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
- 

-—

t

EEC S T A T E S
SUBJECT NO. : i DAY : 4

~~~

i U

Hr

3

1~ ~i L1 ll~u~
R - -

I I I I I I I I I I I I I I T 1 1  I I I I I

0 2 4 6 8 10 12 21 2 6 18 20 22 2~
H O U R S

- EEG S T A T E S
SUBJECT NO . : 1. DAY : S

• 
fl~ 1

I I I I I I I I I I 1 I 1 I I I I I I I 1

0 2 4 6 8 10 12 14 26 18 20 22 24

• HOURS

I
A3 

— — ------ --

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



! ~~ 
- - 

~~~~~~~~~~~~~~~~~~ ~~~~~

“ ‘  ‘ 

~

-. - - 

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ‘ “ ~~~~-“ ~~~~~~~~~~~~~~~~~~~~~~ 
-

E E C  S T A T E S
SUB ~EC T NO .  : ~ D A Y :  9

2• ~~~ ~
-ì 

I 
. U

H R .  L -
I I I I I I 1 ~~~~I I I I I I I I I I 1 3 I I I 1

0 2 1 6 8 

HOURS 
26 18 20 22 24

• EEC S T A T E S
SU B J E C T  NO .  : ~ DAY : 7

H ~~~~~~~~ ~uir

~iit 3 rJL~
j

F ~

• 
I I I I I I I I I I I I I I I I I I I I I 1 1

O 2 4 6 8 10 12 14 16 18 20 22 24

H O U R S

A4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~‘:



~~n

E E C  S T A T E S
S U B J E C T  NO . : 2 DAY : 0

A .  
• 

— _ _ _ _ _

1 •

2 •

3

4. I

I I I I  I I I I I I  I I I I I I I I I I I I
0 2 4 6 8 20 12 14 16 18 20 22 24

HOURS

P - EE C S T A T E S
SUBJECT NO. : 2 D A Y :  I

I I I I I I I I I I I I I I I I I I I I I I I I

0 2 4 6 8 10 12 14 16 18 20 22 24

• HOURS

• , A5

- -- ~~- 
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ -•



I 

.- 

~~~~~~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ —••- ~~~~~ ---•- ~~~~~~~~ — . • •  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~ —•-,•
~~~

.--

EEC STIlES

SU B J E C T  NO .  : 2 D A Y :  2

I H
~i~i 1 J~ 1

1

3 —

I 
..j II

~Lj
U 

-

I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20 22 24

H HOU RS

-

‘ 
- EEC S T A T E S

SUBJECT NO . : 2 D A Y :  3
A . 1  -

- 0 2 4 6 8 10 12 14 16 18 20 22 24

HOURS

A6

- •- —  • - -, -, —— -_ ~~~~~~~~~~~~~~ _:~~~
-
~~~~ ~- _ ,- ~~~~ — 

- -—- - *~~O _ _ ~ -~~~~- •-:



~~~~
“ W ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~

— -  -----
~~-‘--- —“—— ‘- --- --

~
-- 

-_______ - —.-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ 

- _•_•‘_____•__•—.,—.• “• - -  •—•,• - —•,--.-
~

--•,.—.-
~~

•
~~~~~~~~~

•- 
~
—••, •

EEC S I A T E S
SU B J E C T  NO .  : 2 D A Y :  4

A-

1~~ ~L

I l u l l  I I  I I I I 
2~ 

I i  I 
2~

HOURS

EEC S T A T E S
SUBJECT NO .: 2 DAY : S

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _-

1~
. I

Ii~~~~~~~

~ 
I

I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 1- 4 16 18 2 0 2 2 2i

-
~~~ 

HOURS 
-



.

E E C  E - T R T E S
SUBJECT NO . : 2 D A Y :  B

~~~L 

~~~
JL

~~~~

F

l~
L 
T 

- -

I I I I I F F ~~~I~ F T ~~~ I I I I I I I
0 2 4 6 8 10 12 14 16 18 20 22 24

HOURS

- EEC S T A T E S
SUBJEC T NO . : 2 D A Y :  7

H1 1

R .

1 I I 1 I I I I I I I I I I I I~~~ 1 F I 1 1 I 1 1

0 2 4 6 - 8 20 12 11 26 18 20 22 24

HI HOU RS

A8

f 
1

— 
~~~~
., 

~~~~~~~~~~~~~~~~~~~~ - -.. - . - - • - - - - - - -

j



~ 

-

EEC S T A T E S
SUB:I ECT NO .  : 3 DAY : 0

I I I I I I I I I I I I I l u l l  I I I I I

0 2 4 6 8 10 12 14 IC 18 2 -Z 22 21
• HOURS

- EEC S T A T E S
SUBJECT NO . :3 DAY : ~

~~ 

1~

I I I 1~ I I I I 

10 12 
I I I ~ I 

20 
I 

22 21

HOURS

A9

_- _•-~ -~•‘.———— • -•-_—----  -.~~~~--~-



• 

~~~~~~~~~~
- -

. _ ‘

~~~~~~~~~~~~~

_ •-
~~
—

~~~~~~~~~

--

~~

-_

~ 

.

~~

—

~~

, ---

~~

•--_•---• -
~~
-

~~~
-,--

~
—

~~~~
-- -

~~~~~~~
•-, - -.

~~ •— - • -~~~~
•_ -

~~~~~~~~~~~~~~~
-,--,-

EEC S T R T E E
SUBJECT NO~ : 3 D A Y :  2

I~~~~ I I  I I  I 1 I I I I I I I I 1 1 1 1 I I
- 0 2 4 6 8 10 12 If  16 18 2~ 22 24

H OURS

EEC S T A T E S
SUBJECT NO. : 3 D A Y :  3

H,
-

• H, :: ~ui~
pj j

~h ft
I

L
l

I I I I I I I I I I I I I I I I  I I I I I I I~~~1
0 2 4 6 8 10 22 24 26 28 20 22 24

HOUR S

I
- 1 . -. 

AlO

— •~~~ -- 
.~ ~~~~~~~~~~~~~~~~~~~ — 

~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~



~~~~~~~~
‘
~~ w~~~~r • , ‘ ‘ ~~~~~~~~~~ ~~~~ _

~~
. _

~
._-____•___

~•!•_‘_

EEC S T A T E S
SU B J E C T  NO , :3  D A Y :  4

L 
——

J ~
- 

1_ i 
I

- t

-

- 

. :: ~ ~ ~ r
I I i  I I

’ 

I I I I I 1 1 1 1 1  

•

HOURS

- EEC S T A T E S
SUBJECT NO .. : 3 DAY : S

A - —  
_ _ _ _ _ _

L

, I I I I I I I  I I I I I I I I I 1 ~~ I I I I

0 2 4 6 8 10 22 24 16 28 20 22 24

HOURS

All

________________ -~ ~~~~ ~~~~~~~~~



r ~~~~~ 

- —

~~~~~~~~~~~~~~~~~~~~

--- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

—

~

—-

E E C  S T A T E S
SU B J E C T  NO .  : B D R Y :  0

I • I ~LjU1

I I I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 14 16 16 20 22 21

- • 

H OURS

- - 

- 

. EEC S T A T E S
SUBJ ECT NO. : B D A Y :  ~

-i 1111 
•

~

••

~~~~~~ t i l l  I I
::~ fLL~U~iL ~iI

—

I I I I I 1 I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 24 16 28 20 22 24

HOURS

I
I -

~

A12

- - ~~~~~~~~~~~~~ -•



• -r ----; -- 
. • -  .• —•••

~

- -  - —-•• — -,,---••
~
—•‘—;- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
•—•- ----—- ,---,_---—•—

~
-••- 

~~~~~

I : - 

- . 

EEG S T A T E S  -
SUBJ ECT NO. : 6 D A Y :  2•

• 

• • I I I I I
I ’ i I U L

F

I k I’~ 1111 Iii I II I H
- 

• 2

3

t -H .

R

I I I I I I I I I I I I I I I I I I I I I I I

h 0 2 4 6 8 10 12 14 16 18 20 22 21

HO U R S

E EG S T A T E S
SUBJECT NO. : 6 D A Y :  3

I I ~~~~~~~~~~~ I I I I ~~~~~~~ I I I I I I I I I ~~~~~~~~~~~~0 2 1 6 8 10 12 14 16 28 20 22 24

- HOURS -
s

• 

. •

- 

M3

S

* • 

• 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EEG S T A T E S
SUBJEC T NO . :6  D A Y :  4

I I I I I,  J I l l  I I I 1 1 1 1  I I I I I I I I

! 0 2 4 6 8 10 12 11 16 18 20 22 21

- 
HO U R S

EEG STATES
P SUBJECT NO. : 6 D A Y :  5

I

I •
~

LLI1I1LJ1~L] ~~~•

‘

• 

• 

I I U I  I I I I I I I I I I I

• 

•

I I I I I I I I
0 2 f 6 8 10 12 14 26 28 20 22 21 •

- . HO U R S
• 

•

•

A14

— -  ~~~~~~~ - 
~~

--—-
~~~~

- - - - -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I I ~~~~~~~~~ - .• 5- ~~~~—-•- —p —•-- -•——,,—~~ --~~—~
•-—-- -•—- —.•---

~~
-•,-••--——— ••• —.5- 5—

- EEG S T A T E S
- 

SUBJEC T NO. : 6 D A Y :  6
A

I I I I I I 1 I I I I I F I I I I I I I I I I 1
0 2 4 6 8 10 22 24 16. 28 20 22 21

HO U R S

a ‘
. 

•

II

- A15

J1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  ~ ~~~~~~~~~~~~ ~



- r- 
~r 

—• 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

“••-•—-••—- --- ---•---••---— .5-— —5--

-
• 

• 

EEG STATES
• SUBJECT NO . : 9  D A Y :  0

. • 

• -  
A .

I I I I I I I I I I 

10 
I 

12 
I 

14 
I 

16 
I I 

20 
I 

22 
I 

21 
•
•

- 
H O U R S  

-

E EG S T A T E S
SUBJEC T NO. : 9 DAY : I

1 
I I I I I I I I I I I I I  I I I I  1 1 1 1 1 1 1

0 2 4 6 8 20 12 14 16 28 20 22 21

HOURS - 

• 

-

- 

• 

A16

-5 - — — --—— -~~~ -5-.~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ __••~~~~•• ~~ - -



r ~~ 

- -— ________________ —

- EE G S T A T E S
SU BJEC T NO. : ~1:1 D A Y :  0

I I I 1 I I I I T I 
2

1
2 

I I I 

2~ 
‘ 2’2 

I 
2~

- 
• 

- HO U R S

- EEG STATES
- SUBJECT NO . :II D A Y :  1.

A -1

— 2

1

. - 
.

I I I I I I I I I I I I I I I I I 1 I I I I I 1
0 2 1 6 8 10 12 14 16 18 20 22 21 -:

HO U R S  •

• 
. 

All
I 

• 

.
. 

• 5
- 

-

— 
~~~~~~~~~1~ k _ . r ..~~~ ~~~~~~~~~~~~~~~~~ ______ • .~~ ~~~--~ ~~~- ~~



-- - - 
-~~•~~ 

—•~5-— - -— -—--‘-5-- - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EEG S T A T E S
SUBJEC T NO. : II D A Y :  2

-~ 

I 1~
.

2 -

4

3.

4 .

I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 14 16 . 18 20 22 - 24

• HOURS

EEG STATES
SUBJECT NO. : II D A Y :  3

I l I l l  h I l l  I I I I I I 1

0 2 1 , 6 8 10 22 11 16 28 20 22 21

HOURS
• 

•

AiB

p •~ •- ~~~~~~~~~~~~~~~~~~~ - -1~~~~~ ~~~~~~~ _ -
~~~~~~

-
~~

--L~~~~~~~



r ~ 
—r V’ - ’~~

•
~Am_.~

,- --

EEG S T A T E S
SUBJECT NO. : ~j D A Y :  4

B 

-

. 

.

I I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 14 16 18 20 22 24

HO U R S
- t  . 

•

E E G  S T A T E S
SUBJECT NO. : II DAY :  S

: \ ~~~~~~~~ 
JI~

J
~

J

’

I I I I I I I I I I I I I I I I I I I I I I I

• 

. • .  0 2 1 6 8 

HO U R S  
16 18 20 22 21

M9 

• -555••-5• •_~~ •••t-51~



• ~~~-

EEG S T A T E S
SUBJ ECT NO. : 11 D A Y :  6

~~~~~~~ I i I  I I I  I I I I I I 
2~ 

I 
2~ 

I 
2~

-~~~ H O U R S

- - I

I 
•

A20

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ ______ ~~



I ~~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~

EEG S T A T E S
SUBJEC T NO. : 21 DAY : Ø f

t A .

I-

2 -
4

3-

4 .

R-

I I I I I I I  I I I I I I I I I I
0 2 4 6 8 20 22 14 16 18 20 22 21

- - H O U R S
H , ’

E E G  S T A T E S
- SUBJECT NO. : ~~j D A Y :  IF

A - -1
I II

I I 

- ~: ~j~4~ i
q 

• Ii -

• ri 

-

I I I I I I I I I I I I I I I I I I I I I I I I-

~ 0 2 4 6 8 10 12 14 16 18 20 22 21
- HO U R S

A21

~~~~



! ~~~~~~ r~~ ~~~~~~~~~~
‘
~~~~~~~

‘ 

~~~~~~~~~~~ 
- _

~~‘-~~~~

EEG STATES
SUBJEC T NO. : II DAY :  2 F

A-

1 

-

1. -

I .  
- 2 -

1~ 3 -

1.

R -  •

____________________________
I I I I I I I I I I I I I I I I 1 1  1 I I I I 1 1

0 2 1 6 8 10 12 14 16 18 20 22 21

I . HOURS

EEG STATES
SUBJECT NO. : II DAY :  3F

a A -

I I ~~~~~~~ I I 1  I T I I I ‘ 2~ 
I 

2~ 
I 

2~
- 

HOURS

A22

~~~~~~~~~~~~~ ~:- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~



- - -‘—~~--  5-~~~~~~ ‘~~~~~‘~~~ _______________________

• - -  -
~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• •—••—•••-—~~~.• .~

EEG STATES
SUBJEC T NO. : 16 DAY : 0

I i i 1 1 1 1  1 1 1 1  I I I I I I F J I

HOU RS

EEG STATES
SUBJECT NO .: 16 DAY : 1

J~~~~~~~ I i I 1  ~~~~i I I I I I q I I J I I J I I I ;

HOURS

• A23

—

- t
~
’
~~~~~~~r r _~ ~~~~~~~~ 

- - ~t_ ~~~~~~~~~~~~~ -- • _______ -



, I •,— —_7,._ —•—-- —‘- -5 —5 ••— —,-•-•—.-•••.———— —‘ ••—• -5 5-— ••,•,•—•--.•,_••,-.-•5,-•nr— ~ 7 —_w•_ — - ., ,~~~~~~ - -~•••—- ---‘•-••••~~

• EEG STATES
SUBJ ECT NO. : 18 DAY : 0

- A .

I I I I I I I I I  I I 

•

I

•

I I 1 1 1 1 1 1 1  I II

0 2 f 6 8 10 12 Ii 16 18 20 22 24

HOURS

I , EEG STATES
- 

-SUBJECT NO. : 18 DAY : I

1 
~~~~~~~~I I I 1 1 

~~~ 

h
i~~ 

‘
2~ 

I
2~ 

I
2~

HOURS -

A24 
-

-E

— 
~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ - ~~~~~~~~~~~~~~~~~~~~~



-- 

~~~~~~~~~~~~~~ ~~~~~~~~~~ r .~~~~~~~~~~~~~~~ -s,- s- - . 5-~~~~~~~~~~~~~~~ ,s~~~~~~~~~ •- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~

- EEC STATES
- SUBJECT NO. ~ 19 DAY : 0

:~ 
A

I 
•

- I I I I I I I I I I I I I I I I I I I I 1 I I 1 -
• 

—

0 2 4 6 8 10 12 14 16 18 20 22 21
• 

- 
HOURS

‘ 1 - 
• .

• EEC STATES
j SUBJE CT NO. : 19 DAY :  I

• 

- • 

I I ~~~~~~~~~~~ I i I i  1 1 1 1 1 1  I i  1 1 1 1  ‘ 2~~~~2~
- • HOURS

-
, •

- 
A25 

- 5- - -  • 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 5-— —~~~~~~~~ —-



r y~ 
--—‘U-— 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
• ~~~~~~~~~~~~~~~~~~~ --~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •~~~~~~~~~~~~~~~~~~~~~~~ 5-5-~~~ 5 - -5—-- -- • - —~~~ -~-----~ -• —~~ 

- •
• EEC STATES

SUBJEC T NO. : 19 DAY : 2

I I I I I I I I I I  I I I 1 I I I I I I  I I I I I
0 2 4 6 8 10 12 24 16 18 20 22 21

~ , ~t 
- HOURS

I
• EEG STATES -

-

~~~~ -SUBJECT NO. :19 D A Y :  3
- 

A .

I 

I I I I I I I I I  I I I F I I I I I I I I I I I
0 2 1 6 8 10 12 14 16 28 20 22 21

HOURS •

- 

A26

• _• —- •--- - — 

— 
~~~~ ~~~~~~~~~~~~~~~ ~~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~



V ‘
~~~ 

- 

~~~~~~~~~~~~~~ 
— --5- ——‘-----— -— — - —

• EEC STATES
SUBJECT NO. : 19 DAY :  4

A-

2 -

I—

I I I I I I I I I I I I I I I I I I I I I I I I

0 2 f 6 8 10 12 14 16 18 20 22 21

• 
- • 

HOURS

- 
- EEC STATES

a A-  
SUBJECT NO. : 19 D A Y :  5

V • 

• 

-

~~ 

• R 

~ 

I I I I I I I I I I 
1’2 

I I I I I 

2~ 
1

2
I
2 

I 
2~ 

•

HOURS • 
•

A27

• 
. 

- - —-5 — - - - - - 5 - -

p 
r,, ___________ _______ 

• • •~~-



-—----5- - - --5-- --- •- -----— ••----• •-—--- •

~~

•

~11
EEC STATES

SUBJECT NO. : 25 DAY : 0
A 

-

_ _ _ _ _ _ _ _ _ _ _

c 1

2-

3.

1-

R-

• 

I I I I I I I I I ‘ 
12 

I 
14 

I 
16 18 20 22 21

HOURS -

- EEC STAT ES
SUBJE CT NO. : 2S D A Y :  I

~~~~~~~ 
•

I I I I I I I I I I I I I I I I I I I I I I I I0 2 1 6 8 20 12 11 16 18 20 22 21
HOURS

- A28

L .



‘7’~ 
- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~ -‘~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ • — “ - - - - ‘ - • - ,-~~~~~~~~~~~~~~~ ‘ •1~~~

EEC STATES
S U B J E C T  N O .  : 2S D A Y :  2

A -
*

H 

LI
• 

1- 
• -

R- - -

I I I I I I I I I I I I I I I I I I I I I I I I
0 2 f 6 8 20 12 14 16 18 20 22 21

- 

- 
HOURS

H EEC ST ATES
SUBJECT NO. : 25 D A Y :  3

0 2 4 6 8 10 22 14 26 18 20 22 21 -
•

- HOURS 
-

• 

- 

- 
- • A29

~~ ~~~~~~~~~~~~~ &~~~~~~~~ ~~~~~~~~~~~~~~



• ~~~~~~~~~~~~~~~~~ •• ~~~~~~~~~~~~~~~~~ - -- • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 5 5~-5~55- 
- —

~~~

- 

EEC STATES
SUBJEC T NO. : 25 D A Y :  4

A -  -—

~~ ~

-

1•

• 4

3. -

t
.
‘i

• 
- R-

I I I I I I I I I I I I I I I I I I I I I I I I —

0 2 4 6 8 20 12 14 16 18 20 22 21 • 

-
H O U R S

- EEC STATES
• 

‘ 

- S U B J E C T  N O. : 2S D A Y :  5
A .

3-  •

1 4 -

R -

I I I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 22 14 16 28 20 22 21

HOURS

A30

1 - 

-

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ .-5.• 
-~~~rn ~_ 

-rn~~~~~~~~~~~~~~~~~~~~ ~~~ •



— — •—•—••••••- ••-••••••. — — — • — -•-——-_ — _•,—_•- - -

- EEC STATES
S U B J E C T  NO.  : 2S O A T :  6

A-

2 -

- f 2-

• 1 3-

1- -

R-

I I I I I I I I I I I I I I I I I I I I I I I I
0 2 4 6 8 10 12 11 16 18 20 22 21

- HOURS

I 
-

i -

I •

I •

A31 • - -

1~~~1 — - -  • — — —

.5 -5---- —--5-5 -~~ I r~~~~A ~ A••~s~ ~~~~~~~~~~~ — ~~ ~~ -
~~~~~



• r.F 5-”— __,•••-•,__•.• •-- • ‘ ‘~- tvn ,,_ ’, .~~r-~~ w- -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • • • • - - - - • • • - - - -

Sl ATE PE~1CENTAGES 0 TIME IN MINUTES FOR : 
- 

STATE PEI1GENTAGES £ T iME IN M INUTES FOR :
SUBJECT NO . I I SUBJECT -NO. : I

-~ DAYI I BAY I I
PER CENT TIME PER CENT TI ME

BASED ON 24 HOUR S BASED OIl 24 HOUR S
- AUA KE 37.36 538. AWAKE 70.28 1012.

TOTA L SLEEP 12.64 *82. TOTAL SLEEP 29.72 428.
I AWAKE ALP HA 1.53 22. AWA KE ALPHA 6.94 100.
I ONE 5.07 73. ONE 0-61 124.

I tWO 1.99 43. TWO 13.26 191 .
I THREE 2.16 36. THREE 6.83 12.
I FOUR 2.97 *4. FOUR 0.07 I.

REM 0.0l I. REM 0.00 0.
• UNDEFINED 50.00 720. UNDEFINED • 0.00 0.

BASED ON TOTAL S LEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALP HA 12.19 22. AWA KE ALPHA 23.36 100.
ONE 40.11 73. ONE 28.97 124.
tvo 23.63 43. TWO 44.63 191 .
THREE 16.48 36. TW~EE 2.88 12.

• - FOUR 7.69 14. FOUR 0.23 I.
BEN 0.00 0. REM 0.00 0.

I
STATE PERCENTAGES I T IME iN MINUTES FOR : STATE PERCENTAGES I TIME Ill MINUTE S FOR :

- - SUBJECT NO. I * SUBJECT NO. $ *
• HAYs 2 DAYs 3

PER GENT TJNE PER CENT TIME
BASED ON 24 HOURS BASED ON 24 HOURS

AWAKE 94.17 1356- AWA KE 76.25 1198.

TOTAL SLEEP 5.83 84. TOTA L SLEEP 23.75 342.

a I AVAKE AI.PHA 2.85 4*. AVAKE ALPHA c.Si *3?.
I ONE 1-46 21. ONE 5.07 73.

I TWO 2.56 8. TWO 5.35 77
THREE 0.49 P. THREE 1.81 26.

FOUR 0.87 I. FOUR 1.14 *5.
: REM 0.42 6. REM 0.91 14.

UNDEFiNED 2.0$ 
• 

S. UNDEFINED 0.00 I.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 48.81 4*. AWAKE ALPHA 40.26 *37.
ONE 25.00 21. ONE 21.35 73.
TWO 9.52 8. TWO 22.51 17.
THREE 8.33 P. THREE 7.62 26.

• FOUR 1.19 I. FOUR 4.39 IS.
REM 7.14 

- 

6. REM 4.29 *4. 
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• STATE PERCENTAGES £ TIME IN MINUTES FOB s STATE PERCENtAGES £ T i M E  IN MINUTES FOil s
SUBJECT NO.: * SUBJECT NO.: I

-
~ DAY: 1 DAYs S

PER CENT TIME PER CENT TINE
BASED ON 24 HOURS BASED ON 24 HOURS

AWAKE 78.75 1*34. AWAKE 75.62 1089.
TOTAL SLEEP 21.25 326. TOTA L SLEEP 24.37 35*.
AWAKE ALPHA 3.06 44. AWAKE ALPHA 5.14 74.
ONE 7.36 106. ONE 7.43 II?.

TWO 5.42 18. TWO 6.18 09.
THREE 1.46 2*. THRE E 1.61 23.
FOUR 2.78 40. FOUR 2.99 43.
REM 1.18 *7. REM 1 .64 IS.
UNDEFINED 0.06 0. UNDEFINED 0.0$ I.

BASED ON TOTAL SLEEP ONLY ft1SED ON TOTAL SLEEP ONLY -
• AWAKE ALPHA *4.38 44. AWAKE ALPHA 21.08 74.

ONE 34.64 *06. ONE 30.48 II?.

TWO 25.49 78. TWO 25.36 89.
THREE 6.86 2*. THREE 6.55 23.
FOUR *3.07 48. FOUR *2.25 43.
REM 5.56 17. REM 4.27 IS.

STATE PERCENTAGES £ TIME IN M INUTES FOR: STATE PERCENTAGES £ TIME IN MINUTES FOR :
SUBJECT NO .: I SUBJECT NO.: *

- - - DAYs 6 DAY: I
PER CENT TIME PER CENT TIME

• BASED ON 24 HOURS - BASED ON 24 HOURS
AWAKE 74.58 *074. AWAKE 37.15 535•
TOTAL SLEEP 25.42 366. TOTAL SLEEP 21.60 311 .
AWAKE ALPHA 2.43 35. AWAKE ALP HA 4.10 - 59.
ONE 9.5* *37. ONE 4.24 6*.• TWO 9.11 132. TWO 9.37 *35.
THREE 1.53 22. THREE • 1.46 21.

t FOUR 1.67 21. FOUR 2.43 3S.
REM 1.11 *6. REM 0.00 5.
UNDEFINED 2.00 0. UNDEFINED 41.25 594.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAl. SLEEP ONLY
AWAKE ALPHA 9.56 35. AWAKE ALP HA *8.97 59.
ONE 37.43 *37. ONE 19.61 6*.
TWO 36.07 *32. TWO 43.41 • 133.
THREE 6.01 22. THREE 6.75 21.

• FOUR 6.56 24. FOUR 11.25 SS.
REM 4.37 16. BEN - III I.
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STATE P~ ICg*flAGLS £ TIME iN MINUTES FOR: STAT E PERCENTAGES £ TIME IN MINUTES FOB:

SUBJECT NO. $ 2 SUBJECT NO .: 2

DAY . I DAY:
PER CENT TIME PER CENT TIME

BA SED ON 24 HOURS BAS.D ON 24 HOURS
AWAKE 21.78 408. AWAKE 14.72 *076.

TOTAL SLEEP - 13.89 200. TOTAL SLEEP *5.28 361.

AWAKE ALPHA 1.14 - 2. AWA KE ALP HA 1.53 22.

ONE 1.74 25. ONE 5.35 71.
7.43 1 07. TWO *4.17 204.

THREE 0.90 13. THREE I-Il IS.

FOUR 1.32 19. FOUR S.62 9.

REM 2.36 34. REM 2.57 31.

UNDEFINED 58.33 848. UNDEFINED 2.05 0.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL S LEEP ONI.(

AWAKE ALPHA 1.00 2. AWAKE ALP HA 6.54 U.

OWE 12.50 25. ONE 21.15 77.

TWO 53.50 101. TWO 56.04 204.

THREE ‘. 6.50 *3. THREE 4.12 IS.

FOUR “ 9.50 19. FOUR 2.47 9.

REM • 
*7.00 34. REH 10.16 37.

I

STATE PERCENTAGES £ TItlE IN MINUTES FOR: STATE PERCENTAGES £ TIME IN MINUTES FOR.

SUBJECT NO. . 2 SUBJECT NO.: 2

HAYs 2 DAY: 3
PER CENT TIME PER CENT IDlE

- - BASED ON 24 HOURS BASED ON 24 HOURS
• • AWAKE 68.66 939. AWAKE 62.36 898.

a TOTA L SLEEP 31.32 45*. TOTAL SLEEP 37.61 542.

AWA KE ALPHA 2.43 35. AWAKE ALP HA 2.15 31.

ONE 5.97 86. ONE 6.32 9*.

TWO *2.64 *82. TWO *5.57 2*7.

THREE 1.94 28. THREE 2.15 31.

- FOUR 2.22 32. FOUR 2.92 42.

REM 6.11 88. REM 9.53 *30.

UNDEFINED 5.05 I. UNDEFINED 0.00 0.

BASED ON TOTAL S LEEP ONLY BASED ON TOTAL SLEEP ONLY

AWAKE ALPHA 7.76 35. AWAKE ALPHA 5.72 31.

ONE 19.27 06. ONE *6.79 9*.

TWO 40.35 *82. TWO 40.04 2*7.

THREE 6.2* 28. THREE 5.72 3*.

TOUR 7.11 32. FOUR P.T5 42.

REM 19.51 58. REM 23.99 130.
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STATE PERCENTAGES £ TIME IN MINUTES TORI STATE PERCENTAGES £ TIME IN MiNUTES FOR .

SUBJECT NO. : 2 SUBJECT NO. , 2
DAYs 4 DAYs S

PER CENT TIME PER CENT T IN E

BASED ON 24 HOURS BASED ON 24 HOURS
AWAK E 65.07 937. AWA KE 59.44 556.
TOTAL SLEEP 34.93 553. TOTAL SLEEP 45.56 584.

AWAKE ALPHA 1.57 27. AWAKE ALPHA 2.18 41.

ONE 4.58 66. ONE 4.72 68.

TWO 13.61 *96. TWO *6.67 240.

THREE 2.29 33. THREE 2.29 33.

YOUR 1.6$ 23. FOUR 3.19 46.

REM *5.97 *58. REM 15.90 157.

UNDEFINED 0.50 0. UNDEFINED 5.00 5.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 5.37 27. ATMICE ALPHA 6.85 42.

ONE 13.12 66. ONE 11.64 68.

TWO 38.97 *96. TWO 41.11 240.

THREE 6.56 33. THREE 5.65 33.
YOUR 4.51 23. - FOUR 7.08 46.

REM 31.41 *58. REM 26.88 *57.

STATE PERCENTAGES £ TIME IN MINUTES FOR. STAT E PERCENTAGES £ TIME IN MINUTES FOR.
SUBJEC T NO. : a SUBJEC T NO. . 2
BAYs 6 DAY: 7

PER CENT TIME PER CENT TIME

BASED ON 24 HOURS BASED ON 24 HOURS
AWAKE 65.97 950. AWAKE 26.53 382.

TOTA L SLEEP 34.83 490. TOTAL SLEEP 32.22 464.

AWAKE ALPHA 3.54 51. AWAKE ALPHA 2.43 35.

ONE 4.72 68. ONE 4.15 59.

TWO *2.71 183. TWO 13.82 199.

THREE 1.14 IS. THREE 1.74 25.

YOUR 2.92 42. FOUR 3.12 *5.
REM 9.1$ 131 . REM 7.5* III.

UNDEFINED 6.80 5. UNDEFINED 41.25 594.

BASED ON TOTAl. SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA *0.4* SI. AWAKE ALPHA 7.54 35.

ONE 13.88 68. ONE *2.12 59.

TWO 37.35 *83. TWO 42.89 *99.
THREE 3.06 IS. THREE 5.39 25.
TOUR 5.57 42. FOUR 9.7$ 45.
REM 56.73 *31 . 

- REM *1.77 111.
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STATE PERCENTAGES £ TINE IN II X NUTES FOR . STATE PERCENTAGES £ TiME IN MINUTES FOR:
‘ SUBJECT NO .. 3 SUBJECT NO.: 3
DAY:- I DAY : I

PER CENT TIME PER CEN T TINE
BASED ON 24 HOURS BASk..) ON 24 HOURS

AWAKE 34.83 495. AWAKE 45.61 780.
TOTA L SLEEP 8.33 *20. TOTAL SLEEP 49.93 719.
AWA KE ALPHA 3.19 46. AWAKE ALPHA 3.65 53.
ONE 1.81 26. ONE 5.2* 75.

- TWO 1.39 25. TWO *2.57 *81 .
THREE 5.56 5. THREE 4.65 67.
FOUR 1.39 25. FOUR 12.58 ISO .
REM 1.5$ 0. REM 11 .32 *63.
UNDEFINED 57.64 835. UNDEFINED 1.46 21.

BASED ON TOTAL SLEEP ONLY 
- 

BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 38.33 46. AWAKE ALPHA 7.37 53.
OWE - SI.67 26. ONE *0.43 75.
TWO *6.67 20. TWO 25.17 181 .
THREE 6.67 3. THREE 9.32 67.
FOUR 16.67 20. YOUR 25.83 18$.
REM 0.05 I. REM 22.67 *63.

STATE PERCENTAGES £ TIME Ill MINUTES FOR . STAT E PERCENTAGES £ T IME IN MINUTES FOR:
SUBJECT NO. : 3 SUBJEC T NO. : 3

- -
I DAY : 2 DAY: 3

PER CENT TIPIE PER CEN T TIME
BASED ON 24 HOURS BASED ON 2* HO~JRS

AWAKE 65.07 937. AWAKE 63.47 9*4.
TOTAL SLEEP 3m.93 503. TOTAL SLEEP 36.53 526.
AWAKE ALPHA 6.32 DI. AWAKE ALP HA 2.99 43.

a ONE 6.87 99. ONE 11.53 166.
TWO 9.79 ~~~~~ 

TWO *2.36 * 76.
THREE 2.0* 29. THREE 1.74 25.
FOUR 4.24 6*. FOUR 4.17 60.
REM 5.69 52. REM 3.75 54.
UNDEFINED 5. UNDEFINED 5.55 S.

BASED ON TOTAL S LEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 18.19 91. AWAKE ALPHA 5.17 43.
ONE *9.68 99. ONE 

• 31.56 *66.
TWO 58.53 141. TWO 33.54 *75.
THREE 5.77 29. THREE 4.75 25.
POUR $2.13 SI. YOUR 11.41 6$.
REM I6.3I~ REM *1.51 54.

I
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I STATE PERCENTAGES £ TIME IN MINUTES FOR: STATE PERCENTAGES £ TIME IN M INUTES FOR:
SUBJECT NO.: 3 SUBJECT NO.: 3
DAY : DAY: S

PER CENT TIME PER CENT TIME
0 BASED ON 24 HOURS BASED ON 24 HOURS

• AWAKE 61 .74 809. AWAKE 23.33 336.
TOTAL SLEEP 38.26 55*. TOTAL SLEEP 27.36 394.
AWAKE ALPHA 5.42 78. AWAKE ALPHA 3.33 *8.
ONE 5.07 73. ONE 5.62 81.
TWO *3.69 200. TWO 0.89 *28.
THREE 1.60 23. THREE 1.53 22.

I FOUR 2.92 42. FOUR 4.44 64.
REM 9.37 1 ~~ 

REM 3.54 SI.
UNDEFINED 0.00 0. UNDEFINED 49.3* 710.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 14.16 78. AWAKE ALPHA 12 .18 46.
ONE *3.25 13. ONE 20.56 81.
iWO 36.30 205. TWO 32.49 12$.

. THREE 4.17 23. THREE 5.58 22.
FOUR •7.62 42. TOUR *6.24 64.
REM 24.50 135. REM 12.94 5*.

I—
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STATE PERCENTAGES S T I M E  IN MINUTES FOIl : STAT E PERCENT AGES £ T IME iN MINU TES YOJU

SUBJECT NO. s 6 SUBJECT PlO.. 6

MY : I DAY : *
PER CENT TiNE PER CENT TINE

• - BASED ON 24 HOURS BA SED OIl 24 HOUR S
AWAKE 23.12 333. AWAKE 53.06 764.

TOTAL SLEEP 0.12 1*7. TOTAL SLEEP 46.94 676.

AWAKE ALPHA 3.52 55. AWAKE ALPHA 5.62 8*.

ONE 1.53 22. ONE 9.79 141 .

TWO 2.43 35. TWO 24.53 346.

THREE 5.28 4. THREE 5.83 12.

TOUR 0.87 I. YOUR 2.15 31.
BEll 0.50 •. REM 4.51 65.

UNDEFINED 68.75 990. UNDEFi NED 5.55 5.

BASED ON TOTAL SLEEP ONL Y BASED ON TOTAL SLEEP ONLY -
AWAK E AL PHA 47.01 55. AWAKE ALPHA 11.98 8* .
ONE *8 .60 22. ONE 20.86 141.

TWO 29.9* 35. TWO 51 .16 346.

THREE 3.42 4. THREE 1.18 12.

POUR 0.85 1. YOUR 4.59 3* .
BEN •.•• •. BEN 9.62 65.

STATE PERcENTAGES £ T IME IN MINUTES P ORt STAT E PERCENTAGES £ T IME IN MINUTES FOR :

SUBJECT NO. : 6 SUBJECT NO .: 6

MY: 2 DAY: 3
PER CENT IME PER CENT TIME

* BASED ON 24 HOURS BASED ON 24 HOURS
AWAKE 65.76 875. AWAKE 58.19 638.

TOTAL SLEEP 39.24 565. TOTAL SLEEP 41.81 602.

AWAKE ALPHA 9.65 139. AWAKE ALP HA 6.14 97.

ONE 9.17 132. ONE 9.51 137.

TWO *6.04 231. TWO 21.39 308.

THREE 1.25 *8. THREE 5.~~9 7.
TOUR 0.69 IS. FOUR 1.53 22.

BEll • 2.43 35. KEN 2.15 $1.

UNDEFINED 0.50 5. UNDEFINED 0.00 5.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 24.60 *39. AWAKE ALPHA *6.11 97.

ONE 23.36 *32. ONE 22.16 *37.

TWO 45.88 23*. TWO 51.16 3S8.

THREE 3.19 II. THREE 1.16 7.

TOUR 1.17 II. - FOUR 3.65 22.

REM 6.1~ 35. REM 5.15 3*.

- -
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• STATE PERCENTAGES 4 TINE ZN MINUTES P0th STATE PERCENTAGES £ TIME ZN MINUTES FOR ,
SUBJECT NO .s 6 SUBJECT NO.; 6
DAYs 4 DAYs S

PER CENT TINE PER CENT TIME
BASED ON 24 HOURS BASED ON 24 HOURS

AWAKE 54.65 767. AWAKE 71.81 *034.
TOTAL SLEEP 45.35 653. TOTAL S LEEP 28.19 456.
AWA KE ALPHA 9.72 $45. AWAKE ALP HA 10.00 144.
ONE 13.75 1 98. ONE 6.10 89.
TWO $8.89 272. TWO 9.24 *33.
THREE 1.25 *8. THREE 1.04 *5.
FOUR 3.25 38. FOUR 5.42 6.
REM 0.49 7. KEN 1.32 19.
UNDEFINED 5.00 0. UNDEFINED 0.00 I.

- • 
BASED ON TOTAL SLEEP ONLY . BASED ON TOTAL SLEEP ONLY

AWAKE ALPHA 21.44 *40. AWA KE ALPHA 35.47 144.
ONE 35.32 198. ONE 21.92 89.
TWO 41.65 272. TWO 

- 32.76 $33.
THREE 2.76 *8. THREE 3.69 IS.
FOUR 2.76 *8. - YOUR 1.48 6.
REM - 1.07 1. REM 4.65 $9.

STATE PERCENTAGES 4 TINE IN MINUTES FOR:
SUBJECT NO.: 6
DAY : 6

PER CENT TiME
BASED ON 24 HOURS

AWAKE 1.71 III.
TOTAL SLEEP 28.69 298.

* 
AWAKE ALPHA 3.12 45.
ONE 4.72 .60.
TWO 9.65 139.
THREE 1.25 18.

- • FOUR 1.32 19. 4
REM 0.62 9.
UNDEFINED 71.68 

- 
*03*.

BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA *5.10 45.
ONE 22.82 68.
TWO 46.64 I39.~THREE - 6.04 II.
FOUR 6.38 *9. 

-

• BEN 3.12 9. 
-
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STATE PERCENTAGES £ TIME IN MINUTES POR t STATE PERCENTAGES £ TINE IN MINUTES FOil s
SUBJECT NO. : 9 SUBJECT NO.: 9
MY. I DA?i 3

• PER CENT TIME PER CENT TitlE
— BASED ON 24 HOUR S BASED ON 24 HOURS

AWAKE 21.67 312. AWAKE *3.06 620.
TOTA L SLEEP . 15.97 238. TOTAL SLEEP 33.68 485.
AWAKE ALPHA 1.87 27. AWAKE ALPHA 3.26 47.
ONE l~ 46 21. ONE 4.21 61.
TWO 5.62 0* .  TWO *6.46 237.
THREE 1.61 24. THREE 0.76 II.
FOUR 3~ 12 45. FOUR 2.36 34.
REM 2.22 32. BEN 6.60 95.
UNDEFINED 62.36 898. UNDEFINED 23.26 335.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA $1.74 27. AWAKE ALPHA 9.69 47.
ONE 9.13 2*. ONE $2.58 63.
TWO 35.22 8*. TWO 48.87 23?.
THREE *0.43 24. THREE 2.2? ii.

— FOUR *9.57 45. FOUR 7.0* 34.-
REM - I3.~9I 32. REM 19.59 95.

• 
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STAT E PERCENTAGES £ T INE IN MINUTES FOR. STATE PERCENTAGES £ TIME ZN MINUTES FOR .
SUBJEC T NO. . U SUBJEC T NO.: II
DAY: I DAY: *

PER CENT T I ME PER CENT TIME
BASED ON 2* HOURS BASED ON 24 HOURS

AWAKE 7.64 III. AWAKE 61.11 860 .
TOTAL SLEEP 5.00 S. TOTAL SLEEP 8.6* *24.
AWAKE ALP HA 0•00 S. AWAKE ALP HA 1.46 21.
ONE 0.00 5. ONE 1.18 17.

TWO 5.00 S~ TWO 1.94 28.

THREE 0.80 5. THREE 1.18  I?.
FOUR 5.00 I. FOUR 2.85 *1.
BEll 0.00 S. REM 8.80 0.

UNDEFiNED 92.36 1335. UNDEFINED 30.28 436.

BASED ON T OTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 8. AWAKE ALPHA *6.94 2*.

ONE S. ONE 13.11 I?.

TWO 0. TWO 22.58 28.

THREE S. THREE 33 .71 37.
FOUR S. • FOUR 33.56 4*.
REM S. REM 5.50 0.

STATE PERCENTAGES £ TIME IN MINUTES FOR: STATE PERCENTAGES £ TINE IN MINUTES FOR.
SUBJECT NO., 31 SUBJECT NO .: II
DAYs 2 DAYs 3

PER CENT • TINE PER CENT Ti tlE
• 

- BA SED ON 24 HOURS BASED ON 24 H3URS
AWAKE 72.0* *037. AWAKE 69.5* *80*. -

•
TOTAL SlEEP 27.99 403. TOTAL SLEEP 35.49 439.
AWAKE ALPHA 3.56 *si. AWAKE ALPHA 2.7* 39.
ONE 3.33 48. ONE 3.66 53.
TWO 15.00 2*6. TWO *5.1 4 2*8 .
THREE 1.25 *8. THREE 2.99 43.
TOUR 3.25 *8. FOUR 2.57 37.
REM 4.18 59. REM 3.40 49. - -

UNDEFINED 5.00 • S. UNDEFINED 5.80 5. -•

BA$ED ON TOTAL SLEEP ONLY • BASED ON TOTAL SLEEP ONLY
AUNtIE ALPHA 39.92 44. AWAK E ALPHA 8.88 39.

- — ONE 11.91 48. ONE *2.57 53.
TWO 53.60 215. TWO 49.66 2*8.
THREE 4~47 *8. THREE 9.79 43.
FOUR 4~47 18. FOUR 8.43 37.
REM $4.64 59. REM $1.16 49.

BW 

/

~~~~~~ .‘ • - ~~~~-



-

STATE PERCENTAGES £ TIME IN MINUTES FOR: STATE P ERCENTAGES £ TIME IN MINU TES FOR :

SUBJECT NO .: II SUBJEC’T NO.s II

DAYs 4 MY: S
PER CUlT TIME PER CENT TiME

BASED ON 24 HOURS BASED ON 24 HOURS
AWAKE 65.96 993. AWAKE *5.35 22*.

TOTA L SLEEP 31.54 447. TOTA L SLEEP 19.10 215.

AWAKE ALPHA 2.36 3*. AWAKE ALP HA 3.67 24.

ONE 4.31 62. ONE 3.53 22.

TWO *3.96 20*. TWO 1.57 *09.

THREE 1.74 25. THREE 1.04 15.

FOUR 3.19 46. FOUR 2. 36 34.
REM 5.49 79. REM 4.93 7~ .

UNDEFINED 0.58 0. UNDEFINED 65.56 944.

BASED ON TOTAL S LEEP ONLY - 
BASED ON TOTAL S LEEP ONLY

AWAKE ALPHA 7.61 34. AWAKE ALP HA 8.73 2*.

ONE *3.07 62. ONE 8.30 22.

TWO 44.97 201. TWO 39.64 309.

THREE 5.59 25. THREE 5.45 IS.

FOUR 10.29 46. FOUR 12. 36 34.
REM *7.67 19. REM 25.82 73.

STAT E PERCENTA GES 4 TIME IN MINUTES FOR:
SUBJEC T NO.i I I
MY: - 6

PER CENT TIME
• BASED ON 24 HOURS

AWAKE *5.35 221.

- - TOTA L SLEEP * 9.30 275. -

* 
AWAKE ALPHA 1~~67 24.
ONE 1.53 22.
TWO 7.57 109.

- 
- THREE 1.04 35.

FOUR 2.36 34.
REM 4.93 71.
UNDEFINED 65.56 9*4.

BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 8.73 24.
ONE 8.08 22. -

TWO - 39.61 *09.
THREE 5.45 IS.

r POUR 12.36 34.
REM 25.82. 7*. - 

-
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STATE PERCENTAGES £ TItlE IN MINUTES FOR: STATE PERCENTA GES £ TINE IN MINUTES FOR :

SUBJECT NO. : II SUBJECT NO. : 3 !
DAY : o F  DAYs IF

PER CENT TI tlE PER CENT TINE
BASED ON 24 HOURS BASED ON 24 HOURS

• AWAKE 8.33 *20. 
AWAKE 4.10 59.

TOTA L SLEEP 0.00 8. TOTAL SLEEP 36.04 519.
AWAKE ALPHA 0.00 8. AWAKE ALPHA 3.68 53.
ONE 0.00 0. ONE 4.5* 65.
TWO 5.00 0. TWO *9.66 286.

THREE 0.00 8. THREE 1 .11  16.
- - - FOUR 8.00 0. FOUR 3.47 50.

REM 0.00 o. REM 3.40 49.
UNDEFINED 91.67 1320. UNDEFINED 59.86 862.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA •.•~~• 0. AWAKE ALPHA 10.21 53.
ONE ONE 32.52 65.
TWO 0. TWO 55.11 286.
THREE .. •.. 0. THREE 3.08 36.
TOUR ..... - FOUR 9.63 50.
REM REM 9.44 49.

I

- 1
STAT E PERCENTAGES £ TitlE ZN MiNUTES FOR : STAT E PERCENTAGES £ TINt IN MINUTES FOR :

SUBJECT NO. . II SUBJEC T NO.: II
DAYs 2F DAY: 3~~PER CENT TINE PER CENT TIME

BASED ON 24 HOURS - BASED ON 24 HOURS -

AWAKE 8.68 125. AWAKE 1.53 22.

* TOTAL SLEEP 0.07 I. TOTAL SLEEP 41 .04 593 .
AWAKE ALPHA 0.07 I. AWAKE ALPHA 3.82 55. :1

ONE 0.~00 0. ONE 5.49 79•
TWO 0.00 0. TWO *9.79 285.
THREE 0.00 0. THREE 1.39 20.
FOUR 5.00 0. POU R 4.31 62.
REM 0.58 8. REM 6.25 95.

*1 UNDEFINED 91.25 13*4. UNDEFINED 57.43 827.

BASED ON TOTAL SLEEP ONLY .. BASED ON T OTAL SLEEP ONLY
AWAKE ALPHA ft .... I. AWAKE ALPHA 9.31 55.
ONE 8.00 5. ONE *3.37 79.
TWO 0.00 0. TWO *8.22 285.
THREE - 8.00 S~ THREE 3.38 20.

• TOU*l 0.00 8. YOUR *8 .49 62.
REM 5.GS 8. REM - *5.23 90.

• 
-
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- - STATE PERCENTAGES & TiME IN MINUTES FOR: STATE PERCENTAGES £ TitlE IN MINUTES FOR:

-- SUBJECT NO.: 16 • 
SUBJECT NO. : 16

DAY: 0 
DAY s I

PER CENT Titl E 
PER CENT T I*4E

BASED ON 24 HOURS 
DArED ON 2’ : HOURS

AWAKE 22. 85 329. AWAKE 24. 72 356.

TOTAL SLEEP 38.89 272. TOTAL SLEEP 31.57 456.

I AWAKE ALP HA 1.60 23. AWAKE ALPHA 2.08 30.

ONE 2.43 35. ONE 4.24 6!.

- TWO 7.22 *04. TWO *5.83 228.

THREE 2.01 29. THREE 2.22 32.

FOUR 4.37 63. FOUR 0.35 5.

I 
REM 1.25 ia. REM 6. 94 *00.

- - - UNDEFINED 58.26 839. UNDEFINED 43.6* 628.

BASED ON TOTAL SLEEP ONLY 
BASED ON TOTAL SLEEP ONLY . 

-

AWAKE ALPHA 8.46 23. AWAKE ALPHA .6.58 30.

ONE 12.87 35. ONE *3.38 61.

TWO 38.24 *04~ 
TWO 50.00 228.

THREE *0.66 29. THREE 7.02 32.

FOUR .23.16 63. FOUR 1 .1 0 - 5.

HEll 6.62 18. REM 23 .93 *00.

I
- 
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STATE PERCENTAGES A Titl E IN MINUTES FOR . STATE PERCENTAGES £ TIME IN MINUTES FOR:
SUBJECT NO. : lB SUBJECT NO. : * 8
DAY: 0 DAY : - I

PER CENT TIt lE PER CENT TI ME

BASED ON 24 HOURS BASED ON 24 HOURS
AWAKE 4. 72 68. AWAKE 12.78 384 .

- - TOTA L SLEEP 29.83 4 :8. TOTAL SLEEP 45.62 657.

- - AWAKE ALP HA 5.69 62. AWAKE ALP HA 7.85 113 .

ONE 2.64 38. ONE 3.96 57.
- TWO 15.00 216. TWO 22.58 324.

- THREE 1.67 24. THREE 2.43 35.

FOUR 8.07 I. FOUR 1.46 21.
- - REM 3.96 57. REt-I 7.43 *07.

UNDEFINED 66.25 954. UNDEFINED 41.60 599.

- 
BASED ON TOTAL SLEEP ONLY . BASED ON TOTAL SLEEP ONLY -

AWAKE ALPHA 19.62 82. AWAKE ALPHA *7.20 113 .

ONE 9.09 38. ONE 8.68 5?.
- TWO 51.67 216. TWO 49.32 324.

F THREE 5.74 24. THREE 5.33 35.

I FOUR 0.24 - I. - FOUR .3.20 23 .

I REM 13.64 5?. REM *6.29 *07.

- - 814
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STATE PERCENTAGES £ TitlE IN MINUTES FO!i: STATE PERCENTAGES £ TiME iN MINUTES FOR :

SUBJECT NO.. 19 SUBJECT NO .: *9

DAY : - 
0 DAY . *

PER CENT TIME PER CENT TiNE

BASED ON 24 HOURS BASED 3M 24 HOURS

AWAKE 33 .74  457. AWAKE 62.58 900.

TOTAL SLEEP 2.0* 29. TOTAL SLEEP 31.50 540.

AWAKE ALPHA 0.76 II . AWAKE ALPHA 2.22 32.

ONE 8.35 5. ONE 3.69 56.

TWO 5.98 13. TWO 22.92 330.

THREE 0.03 0. THREE 1.74 25.

FOUR 8.00 0. FOUR 3.33 48.

REM 0.00 0. REM 3.40 49.

UNDEFINED 66.25 954. UNDEFINED 0.00 0.

BASED ON TOTA L SLEEP ONLY . BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 37.93 II. AWAKE ALPHA 5.93 32.

ONE * 1.24 5. ONE 10. 31 56.

TWO 44.83 33 .  TWO 61 .11 330.

THREE 0.00 8. THREE 4.63 25.

POUR 0.03 5. FOUR 8.89 48.

REM 0.00 8. REM 9.~~7 49.

- - STATE PERCENTAGES £ TiME IN MINUTES FOil s STATE PERCENTA GES £ TINE iN MINUTES FOR:

SUBJECT NO. ’ 19 SUBJECT NO. $  *9
DAY: 2 DAYS 3

PER CENT TIME PER CENT T IME

BASED ON 24 HOURS - 
BASED ON 24 HOURS

A WAKE 62.15 895. AWAKE - 
62.29 897.

* TOTAL SLEEP 37.85 545. TOTAL SLEEP 37.72 543.

AWAKE ALPHA 4.93 7*. AWAKE ALPHA 1.60 23.

ONE 5.2* 75. ONE 4.30 59.

TWO *9.58 282. TWO 23.61 340.

THREE 2.36 34. THREE 3 . 2 8  *7 .

FOUR 5.62 9. FOUR 0.62 9.

HEN 5.24 74. REM 6.60 95.

UNDEFINED 0.00 0. UNDEFINED 0.80 8.

BASED ON T OTA L SLEEP ONLY BASED ON TOTAL SLEEP ONLY

AWAKE ALPHA • 13.03 71. AWAKE ALPHA 4.24 23. -

ONE 13.16 75. ONE - *0.87 59.

TWO - - 53.14 282. TWO 62.62 340.

THREE - 
4.24 34. THREE 3.13 Il.

FOUR -~ 3 .65 9. FOUR 1.66 9.

REM *3.50 - 
74. REM *1.58 95.

.
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STATE PERCENTAGES £ TIME III MINUTES FOR: STATE PERCENTAGES £ TItl E IN MINUTES FOR.
SUBJECT NO .: 39 SUBJECT NO.: *9
DAY: 4 DAY: 5

- PER CENT TiME PER CENT T iME
- j  BASED ON 24 HOURS BASED ON 24 HOURS

AWAKE 61.94 892. AWA KE 26.46 381 .
TOTA L SLEEP 38.06 548. TOTAL SLEEP 28.06 404.

AWAKE ALPHA 4.93 II. AWAKE ALPHA 2. 85 41.
ONE 5.20 76. ONE 2.64 38.
TWO *9.37 279. TWO 24.44 206.

- THREE 1.81 26. THREE 2.29 33.

- FOUR 1.60 23. FOUR 2.64 38.

REM 5.07 73. REM 3.39 46.

UNDEFINED 5.88 0. UNDEFINED 45.49 655.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY
AWAKE ALPHA 32.96 7* .  AWAKE ALPHA 10 .15 41.
ONE 13.8? 16. ONE 9.41 38.

TWO 50.91 279. TWO $1.49 208.

I THREE 4.74 26. THREE 8.27 33.

FOUR 4.20 23. FOUR 9.43 38.

REM *3.32 73. REM 11.39 46.

I
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STAT E PERCENTAGES £ TIME IN MiNUTES FOR . STATE PERCENTAGES & TiME IN IIIN’JTES FOR:

SUBJECT NO.: 25 SUBJECT NO.: 25

DAY : S 
DAY: I

PER CENT TIME PER CENT TIME

BASED ON 24 HOURS 
BASED ON 24 HOURS

AWAKE 23.89 344. AWAKE 64.86 934.

TOTAL SLEEP 5.80 0. TOTAL SLEEP 35.14 586.

AWAKE Al Ph A  8.88 5. AWAKE ALPHA 8.63 *2.

ONE 0.00 •. ONE 5.55 72.

TWO 0.00 0. TWO 19.19 255.

THREE 5.00 0~ 
THREE *7.

FOUR 5.00 0. FOUR 0.97 34.

REM S~00 5. HEN 7.36 106.

UNDEFINED 76.11 * 096. UNDEFINED 5.88 5.

BASED ON TOTAL SLEEP ONLY BASED ON TOTAL SLEEP ONLY

AWAKE A lPH A 6. AWAKE ALPHA .2.37 *2.

ONE 0. ONE 14.23 72.

TWO ~~•••~ 8. TWO 56.32 285.

THREE 0. THREE 3.36 *7.

YOUR 0. - FOUR 2.77 14.

REM ~•••~ REM 20.95 *06.

STATE PERCENTAGES A TIME IN MINUTES FOR: STATE PERCENTAGES £ TIME IN MINUTES FOR:
SUBJECT NO.: 25 SUBJECT NO .: 25

DAY: 2 DAY: 3
PER CEN T TIME PER CENT TINE

BASED ON 24 HOURS - 
BASED ON 24 HOURS

— AWAKE 56.47 642. AWAKE 25.35 365.

TOTAL SLEEP 33.8* 458. TOTA L SLEEP 22.71 327.

AWAKE ALP HA I~~I8 I?. AWAKE ALP HA 0.35 5.

ONE 3.54 5*. ONE 3.86 44.

TWO I6~96 273. TWO *6.25 234.

THREE UII 16. THREE 0.08 5.

FOUR 5.56 8. FOUR 0.00 0.

REM 6~46 93. REM 3.06 44.

UNDEFINED 9~72 - *40. UNDEFiNED $1 .94 748.

BASED ON TOTAL. SLEEP ONLY - BASED ON T OTAL SLEEP ONLY
AWAKE ALPHA .3.7* Il. AWAKE ALPHA 3.53 5.

ONE *1 .14 5*. ONE *3~46 44.

H TWO $9~6l 273. TWO 73.54 234.

THREE 3.49 *6. THREE 5.6$ I.

YOUR 1~ 75 8. FOUR 5.58

REM 25.3* 93~ REM 33.46 44.
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STAT E PERCENTAGES & TIME IN MINUTES FOR : •STAT E PERCENTA GES £ T I I~~ IN MINUTES FOR :
SUBJECT NO. : 25 SUBJECT NO .: 25

• DAYs 4 DAY: S
PER CENT TiME PER CENT TINS

BASED ON 24 HOURS - BASED ON 24 HOURS
AWAKE 4 .24 6* . AWAKE 5.46 93.

— i TOTAL SLEEP - 0.00 5. TOTAL SLEEP 8.D5 8.
AWAKE ALP HA 8.00 8. AWAKE AL PHA 6.85 5.

ONE 0.00 S. ONE 5.05 5.

TWO 0.06 0~ TWO 0.55 5.

THREE 0.00 5. - THREE 0.SS S.
— TOUR 6.00 8. FOUR 1.15 I.

REM 0.00 8. REM 5.55 5.
- 

- 
UNDEFINED 95.76 1379. UNDEFINED 93.54 13*7.

BASED ON TOTAL SLEEP ONLY BASED ON T OTAL SLEEP ONLY
AWAKE ALPHA ••••• S. AWA KE ALPHA I.
ONE 5. ONE I.
TWO •~~~~U* S. TWO .••~~~ S.

THREE ••••• 0. THREE •••• S.
FOUR ••••* 5. FOUR 0.
HEll I~ REM ~~~

- I.

STATE PERCENTAGES & TIME IN MINUTES FOR:
SUBJECT NO.: 25
DAY: 6

• PER CENT TINE
BASED ON 24 HOURS

AWAKE 0.00 8.
TOTA L SLEEP 0.00 0.
AWAKE ALPHA 0.00
ONE 0.00 0.
TWO 8.00 8. 

-

THREE 0.00 6.
FOUR 6.00 6.
REM 5.50 0.
UNDEFINED *440.

BASED ON TOTA L SLEEP ONLY
AWAKE ALPHA 8.
ONE ‘‘•• S.
TWO •• ••
THREE ‘• •
FOUR .. *.• S.
REM ~~~~~~~~~ S.
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