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ABSTRACT
- 

Sleep stages, as measured by ~1ectroencepha1ograp hic
tracings, and rectal and skin temperatures of two young
Caucasian males were recorded for eight nights in test
environments at North Bay, Ontario , in February, 1975.
During the first three and last two nights , they slept
in thermoneutral environments and during the intermediate
nights they slept in an unheated tent at ambient tempera-
tures ranging from —3 C to —12°C. Both subjects expe-
rienced a deprivation of rapid eye movement (REM) sleep;
however, no ‘rebound1 phenomenon was seen on return to
thermoneutral conditions . In confirmation of earlier
well—substantiated observations, it was observed that the
subject who showed more delta sleep in tl~e cold was the
one with the greater rectal temperature depression.
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INTRODUCT I ON

On a recen t military/scientific exercist’ (Honky Tonk IT , •Jan—F eh
1975),  two men were exposed to cold througho ut their  designa ted sleep
period for 10 consecutive nights (2). A deprivation of rapid eye
movement (REM) sleep relative to control values detected during this
period was most pronounced during the first three nigh ts of the cold
exposure. On the first recovery night , i.e., the first night during
which the subjects slept in thermoneutral conditions after the cold
exposure , a REM sleep “rebound” phenomenon was observed . Because the
REM deprivation was most pronounced during the initial cold exposure ,
it wag decided to perform an experiment on another pair of subjects
to determine if a REM “rebound ” phenomenon would occur on return to
wa rm cond it ions af ter only three days of cold exposu re . This pap er
describes the results of such an experiment carried out at North Bay,
On tario , in February 1975.

METHODS

Two young Caucasian male volunteers , aged 22 an d 24 , served as
subjects for the experiment which lasted ei ght days. The first three
ni gh ts ( ambien t tempera tu re , Ta = 25°C) were used to establish control
or baseline measurements in an clectroencep ha lograp h ic (EEC) laboratory
in which the subjects slept in beds under blankets. These nigh ts were
followed by three others in which the subjects slept in an unheated
tent (Ta = —5 to —10 C) using only the outer layer of the two—layer
Canadian Forces sleeping bag ensemble , a l iner , head hood and an a ir
mat tress (insulation = 5.6 d o  (10)). During the next two nights , the
subjec ts slep t indoor s under the same cond it ions as exi sted dur ing the
base l ine  ni ghts so that the “recovery ” phenomena could be properl y exa-
mined .

Dur ing the baseline and recovery days , the subjec ts performed
normal indoors laboratory work. During the cold exposure days , they
stayed outside while performing light exercises in an attempt to dupli-
cate conditions on Exercise Honky Tonk II ‘~~~

Electromyography (ENG), electro—oculography (EOC) and electr oen—
cephalograph y (EEC) were recorded using a Grass Instrument Polygraph ,
model 8—10 B, wi th 4 channel s assigned to each subject; one channe l
for ENC recorded from the chin using two electrodes (E4S); one channel
for EOG recorded from two electrodes (Beckman 650951); and the remain-
ing two channels were used for EEC which was recorded from 6 electrodes
(E5G) in bipolar montage (2 frontal , 2 temporal and 2 occip ital). The
recoomiendations of Rechtschaffen and Kales (10) were used to analyze the
sleep recordings , and the sleep stages were scored every minut c.
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Equipment developed at DCIEM was used to measure body temperatures.
Seven thermistors were sewn into thermal underwear at the neck (Tl),
forearm (T2) , wris t (T3) , abdomen (T4 ) ,  thigh (T5), calf (T6) and ankle
(T7). Rectal temperature was measured by a thermistor inserted 12 cms
into the rectum . These eight channels of temperature information from
the thermis tors were coded in to a single elec trical signal by using time
d ivision multiplexing containing the temperature information in a form
of pulse duration modulation. The signal obtained was used to modulate
the frequency of a transmitter , the signal of which was detected by a
receiver and recorded on magnetic tapes.

Mean skin temperatures (T) were calculated according to the formula
of Hardy and DuBois (4):

T = O.07T1 + O.14T2 + O.05T3 ÷ O.35T4 + 0.1915 + 0.13T6 + 0.0717
S

The calcula t ions of mean body tempera ture (T
b
) were made using the

weigh t ing factors of Burton (3):

T = O.67Tre + O.33Tb s

RESULTS

The anthropometric characteristics of the two subjects are shown
in Table 1. The results of the sleep and temperature studies were sum-
marized in graphs of which Fig. 1 is an example. The first baseline
ni ght was not included in the calculation of sleep studies in the base-
line suimnary because of a possible first night effect (1).

Sub jec t 1 (Si) was a good “sleeper ” as de termined from his baseline
hypnograms , i.e. there were no interruptions in the progression in his
stages of sleep (9) and 23% of his total sleep time was spent in delta
sleep. Subjec t 2 (S2) was not as good a sleeper since he had less delta
sleep, approximately 13% of total sleep time , and less REM sleep than Sl.
His sleep was also interupted by more periods of wakefulness.

When exposed to cold , Sl showed definite increases in stage 1 sleep
and wakefulness of the order of 42% of baseline values , especially on
night Cl. He also had a slight decrease in stages 3 and 4 (93% o base-
l ine values). He experienced a great decrease in REM sleep (46% of
baseline) on Cl with a smaller deprivation on nights C2 and C3. The
amount of REM sleep increased on return to thermoneutral conditions
(ni ghts Ri and R2) but did not reach baseline values. The amount of
stage 2 sleep did not change significantly. The time required to fall
asleep increased slightly in the cold but the amount of wakefulness
overnight was significantly increased (249% of baseline levels).
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In t he Cold , S2 , in genera I , reac ted  s int l 1 ar ly t SI in t hat
stage 1 sleep I n ( ’ r ( a s t ’ ( I , s t a g e s  I and 4 m i t  ia t l v  1 - r r i’-;ed and REM
s leep decreased.  Dit fe re nces showed up in tha t , b r  S 2 , stages 3 .ia d
4 showed an Increase on night C I and there w as a prog rc ’s~nve decrease
in REM sleep f rom Cl to C3 (reach in~ h 2X  of ~ise I m e  v a l u e s ) .  REM
s leep, in contrast  was greatest  on Cl for S i .  The t ime t o  fal l  asleep
did n ,t  change in the co ld for S2 , h o w e v e r  o v er n i g h t  wakefu l  rn s i n —
c reased (18~- o t  base line l e v e ls ) .

l3ot n suh j e e l  s showed an inc rease in TflO~ ’tn  ‘at t i iso; when sI - .  ‘p 1 ng
In the co ld ( 147 % of hasel Inc values fo r  Si l a b  2 1 1 Z for S2) . Or)
return to thermoneutra l c ond i t ions  (Ri) ,  al l sleep par t i n t e r
a tendency to return to base line condit ions .

- 
The recta l temperatures (i re) of both sub ~‘e s fe l l  0. 5

( 
C to

0.8 C unti l the fourth hour of sleep dur ing t b a ~’ c o n t r o l  per iod  anti
then rose gradua lly until the subj ects  awakened . A f t e r  an i n i t i a l
Increase , mean skin temperature (fs) remained between II ‘ C and 3 5 ’ C
for the whole night. The mean body temperature (Tb) f e l l  until the
5th or 6th hour and then rose slowly (Fig. 2).

During the nights involving cold exposure , meas t re rnc -n t s  of Tre
in both subjects showed a greater decrease while sleep ing and more
time transp ired before an increase began (6.7 hrs). ‘The drop_in ‘Ire

was greate r In Sl (1.5 to 2°C) than in S2 (0.3 to 1.0 C). Ts drop—
Led constantly after an initial increase but did not fall below 32 C.
Th , I n genera l , dropped constantly throughout the night (Fig. 1).

During t he recovery phase Tre , ‘l’s and Tb v a r i e d  in muc h the  same
way as during the baseline phase. (Fig. 4)

DISCUSSION

The patterns of sleep seen during cold exposure w e re  simi lar to
t hose observed during the f i rst  three nights of cold exposure on Honky
Tonk II. The great amount of wakefulness seen in SI on night (‘1 was
due to a lack of conununication between the subject and observers , the
subject  being kept awake by a desire to urinate. The amount of s t a g e
1 sleep in both subjects  increased generally in t he cold as d id  wake-
fulness.

It is interesting to note that d i f ferences between subjects  in
the present study resemble subject differences observed during Honk y
Tonk II. In both cases , the subject who showed more de l ta  sleep in
the cold also had a lower rectal temperature .

In Table 1, it- can be seen that Si has a lower s u r f ac e  are;i t o
weight ratio than S2. Because of this , It would seem th a t 52 should
coo l more than Si; however , the con t ra ry  s i t uat i o n  t ’u- ’itrred . On I l o n ky
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Tonk 11 , SI , who had t h e higher surf;i ‘ ‘ Ire ;’ to W e !  gu t, rat io d i d ‘ot i l
more. Thus It seems like lv hat t in’ ,tni , ’ r i r i t  o t  ool ing, i t  not ‘Ii i’ .’ t I v
related to body si ze for the sub s e c t  ‘; in thl a t -x in’ r  iment

The effects of co ld on s leei  Ire in , tg 1 ’ ~~
’
~~ ’ t f l . ’ i i t  W i t  it ‘ t i t o ’ &’  f o u n d

by Sc holander et al (13) when ,\ t iat ra l lai r  Abor i g i l  I ’ S  W e !  - r omps red
wit h Caucasians sleep ing it night in a c o l d  ef lv i r ,i!n, ’ ; ;t  . The M ar  ig i —
nies slept longer and allowed the i r  hod’ , t t ’ r i rpe r ;t t  t i re ’ ;  to droi  I ‘w er
than t he C;iucsa i ans . In add it ion ~cholander t i  ii I ( ‘~ I t ‘r i n d  t t a t
a f te r  co ld acclimation in the mountains of N ’ r w , ’tv , Nt rwt ’ i gen -- sib jec ’ts
s lept soundly but kept their body temperatures high . i t  can be i on—
c luded from our results that the sub ject  who has non ’ r u ’  I t i  ‘4 1 eel a 1—
lows himself to cool w h i l e  the man who has los’ ; dcl  i t  s l e e p  r’ ’ r ’ i ,t  ill;;
warmer. Converse ly, the man who cools li - is more tel t a s l ’ ’ j l  t han the
man who endeavors to keep warm.

No rebound phenomenon of R }’23 s leep was seen on re cov e ry  n i gli s
In contrast to t he finding which occurred a f t e r  10 nights in the co ld .
It may be that the deprivation I’ REM s leep, ‘ulti tc ” rgh the same for
each night , did not accumulate to a su f f  i c iest  deg ree  over  t u e  depri-
vation period to  provide for this rebound .

The lack of rebound might car ve been ca i rs t ’d  by the d i l l € ‘ r , - r l t ’ e in
the ambient temperature to which the subjects were exposed . li t parti-
cular , the faces of these sub jec ts  were probably not coo led as much as
for the case of sub jec ts  on Honky Tonk II because of the higher en-
vironmental temperature. If the hypothalamus is cooled by exces sive
heat loss from the lateral part of the face (3, (‘ , 7) one could argue
that , in the present experiment , t he cooling of certa in parts of the
centra l nervous system was not as great as ilonk y Tonk 11. ‘l’herefore ,
the deprivat ion of REM s leep occurring during the three day cold ex-
posure in North Bay may have been an unspec i f i c  res po nse t o  the cold
stress. This d i f f e r s  from the Honky Tonk II experiment in that the
stress per iod was carr ied out for a longer time and that the f i r s t
unspecific stress response may have been replaced a f t e r  L or 5 days by
a specific cold stress response leading to a constant level of REM
sleep values that was lower thati baseline values. An explanation for
the absence of a rebound phenomenon on this experiment nitt y he that ,  the
absence of a spec i f ic st ress was assoc ia ted  w i t h  i pos~~ih1e ‘u rn r i l . ’t t ive
e f f ec t of the REM sleep depriva tivc .

In conc lusion, this experiment has shown that  tin acute co ld
exposure provokes a REM deprivation and has confirmed ti re fact that
the subjects who exhibit delta sleep allow their body t empc orat rlre;. to
cool.

_ _ _ _ _  _ _ _ _ _4 -  ,0, 4-___, - -— - -
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A P P E N D I X  1

The fol lowing figures represent t be t ime course for the fo l lowing
parameters dur ing each night for subject I

1. Sleep stages
w = wakef u ln ess
1 stage 1
2 = stage 2
3 stage 3
4 = stage 4

REM = rapid eye movemen t or parad ox ical sleep

The dashes above the REM sleep represent rapid eye movements while the
vertical lines below the w line indicate the body movements.

2. Tr°C rec tal tempera tu re in 1
C

3. Ts C = mean skin temperature in

4 . MBT 1C = mean bod y temperature in

5. Ta°C = ambient temperature in °C

ffi ~~~D1NQ ~~~~ ~~~~~~~~ ~JL.



Bi
16

REMt - - .  ‘- 
‘ —

r 

~~r ’ I I r  

~~~~~~~~ 

fl[~ LL~~~~~1J~Jfl1JlI1
I~c, 3e~

35 ’
36 1 ~~~ ‘~~~ -
35, -

“ — -—- ‘

I~~ ) 

“
~~~~~~~~~~

‘ 
/

~~~~

T~ 234- - - —.- —‘ - - - - - ----- - —-—— -— --— 
I~CI

22 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~60 1 20 1 80 240 300 360 420 480
T I M E  IN M I N U T E S

B2 

-‘-“-,-- -—~----—-— --,-‘- ,,-- ‘ ‘-— --,---- - .- - ,—‘ ,— - - ‘ . ‘  -‘,-——,-‘-- . . . . ‘
REM . ‘~ 5 - I ~~~~~~~~~

I i
i
i L~~ ~

I, ‘ 
- — - ‘ - - - 

( , t  38’

‘35 :
“ I

. ,- “ ‘
f ~‘ — - - / - ‘ ( ‘  4/ 1 / -~~~ - ‘-  

‘ - - -
I . - ’ - - I - -7 - “ ~~~~~~

‘ /
/ 4

I 

— \~ 

- - 

1~ 

- 

- i__i_ i 

-

~~~

- -

ed
22 

60 
- 

120 110 240 300 360 420 460

T I M E  IN M I N U T E S



RI 1/

SL E EP 

REM 

• II r
S T A G E S  

:. ~~

‘ 

- ~~

‘ 

. 

~‘ 

L.. ... .11 t .~ :
3 7 ’  - -

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

rr ; i .46 ’

)5 1

/ 1

1s 34 ’  U ‘ - “ - 
.

~ \

i ‘

33 1

32 ’
37 ’

24
: 

- :

I • c I  ‘

22 k—’ - .-_ - -- .— - --
~~~~~~~~~

— - ‘ -
~~

--— -- “- 
~~

—
~~~~~~~~~~~

—“
~~

- “— ‘-
~~

- - - ‘-- - ‘-
~
- “ -

~~~
- - “-‘ ‘ ‘  ‘ ‘ 4--” ”—”—’- -’-— ‘—“-“ ‘- -

80 320 380 240 300 360 420 480
T I M E  IN M I N U T E S

Cl

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

(~~)

~~~~

I )
-It 

120 
- 

320 240 320 4~0 
- 
420

T I M E  IN MINUTES

- . 4



18

~ ~~

_

- 1 ;.‘

_

~~~~~~

_ _ 4 _ _

~~~~~~~~~

~~~ JL’1
1 

. 

~~~ 
1~~~~~~1.L ..i [

~I... . .~
‘

3S~

37
_ - 

_____ - -
TI — —‘—-—---— —‘—- -———-—-‘-- — —— — -

4~~.I 36 “ - -

35
3S~

35~ ~~~~~~~~~~~~~~~~~~

37~ 
- - - 

- 

-

~~~~~ 

- 
\~~~
[

~~~~~~~~~~~~ / 
- -

~

36~~~ 

- - - 
‘-

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— —‘ -- 

- - - -

-e -
~
-

~~ 
- I~~~~~~~~~~~~~ -~~~80 320 320 240 300 360 420 480

T I M E  IN M I N U T E S

C3

~~~~~~~

I~CI 38

35

I~~~ ) 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~ 
~

t--
---- 

I 

“---

~~~

- 

~~~

- - - -

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

— --- - -

~~~~

- - -

~~~~~~~~

-----------
-

I~~I - - - - —

•0 320 ~bD 240 
- 

300 3SO 420 480
T I M E IN M I N U T E S

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



= 
A

T -— -- 
—

~~~~~~
- - 

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

~~~~~
-- —

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

IC I 381

35’
35’

35’ - - 
- 
\ ~~\ — -

‘7 - - - - “ U ” V~
\ ~‘ - -‘ -

I C I  -
22— 

60 ¶20 180 240 300
’- - 

380 420 480

T I N E  IN M I N U T E S

R2 
- _______ -

REM[ 

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

1~ iw ;~ ‘JIIITIT1I
371 ~~. - - -- --‘ - - - - -~ --- -- - --~~~~- - ‘~~~ - ‘ -TI - — - - - ----——---—————-——--- ‘—-- -—- —

(‘CI 38’

35’
38

I~~~I 

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

-

~~~~ 34P

21

I C I  ::L~~~~ :~~~~ . ;_  ~~,.~.~::::: ~~:i -
SO 320 leO 240 300 380 420 480

T I M E IN MINUTES



21

APPENDIX 2

The following figures indicate the different parameters measured
from subject 2. Abbreviations are defined in Appendix 1.

~~~~~~~~~~~~~ ~~~~~~~~~- - • - 
-



RI
2~

R(~~~~~~~~~~~~~~~~~~~~~~ . I 
-

—— — - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — - - - -—~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —
‘CI 36’

35

I~~~I 

~~~~ I ~I~tIIL1’IT
MBT
‘CI

3 4 -

2 4 ’

T1 2 3 -  - -  - - -  - - - - -

ccl
22’- 

60  120 leO 240 300 360 420 480 
—

T I ME IN MINUTES

B2

S T A F ,  

Ru ~ 

~~
“
ii

J1J
~r “j- ~

‘-“
~~ flJ~ ~I~1~i’[F’rIljsrF F L~_~~~

1_
4€

3 ,
‘1 I

34

III

I4 ‘ 

- 

r /

‘
I
’- ’ - - ‘ 

- / 
-

MOT 1 5 ’
I C I

34 ’
24

23~~ - - - -

I~CJ

~ 

‘
60 120 ~eo 240 300 160 420 460

T I M E  IN M I N U T E S
-4



B3 23

REM 

-- 
I -

~~~ f~ 
-

- - -
‘C I 3 6’

35’

1 C )  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

,

_I6
~ - ‘ - -  

- - 
-

MBT .15
‘C I  ‘

3 4 -

24 -

2 ) ’ -

C I  4 4
- 

6~ ‘20 180 240 300 360 420 480

T I M E  IN M I N U T E S

Cl

-

I ‘C I 36

- I S
36

35

I I

36 ~~- —~~~

MB 35 

- -

I C I  -
34

I .C I  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~80 120 180 240 300 360 420 480
T I M E  IN M I N U T E S

_____________  _____  __________________  - — - —-~~~~~~~



24

R E M  
r :

‘, IL ( P  I ~~~~~ - L Fl I -- - i 

:

‘ 

,
~~ .

- -

, -A .~ .

‘

. ~~~~~~ ~~~~~~~~ ,,.

I II ’ 
- - - -- - - 

I S
I”

3-1 , - -

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

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

MBT J~~ ’ ~~~~~~~~~~~~~~ -
- ‘C I

34
Ii

1,) 8’  - - — 4
C I  l -

.10 1 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ -

~~~
-- — - - ‘- - - ‘—--“-- - - - 4--- - — - - - ’ -- —- -— - - - -- - —

60 120 180 240 300 360 420 480

T I M E  IN M I N U T E S

C3 
______

S
S~~~~~

I’C I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

‘

~~: ~~— -~~~~~~ 

‘

I~~~ I 

~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~
- - - - — -- \ 

~~~~~~~~~/
_

~ :: ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ 

- -

I~~~ .~L±.1 T1TTT~~~~
-

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

60 ‘20 180 240 
- 

300 
- 

360 420 ieO 
--

T I M E  IN M I N U T E S



Ri 
4_

’)

E1I,M’ - -1 - ‘ -  H ‘ -

S I I I P  3 ’  , 1 r V U 
- 

H 
- , 

- I, T A ( , I  

.H LJ{ 1 ’
~~~

I? - 
4

I ’-, -

III

I
I I 

~ 

- _
—

~~~~ \ — 
- 

I 
/

— -  - -‘ — - -— -Th
- - 

- -. -—~~~ - 
~

_
\ — ~~~~~~ - - ~~~

- - - --

ME 3 ’ ~~‘ 
-

14

-‘ 
10 

— 
1 .1 

- 
180 

-‘ 
‘ 4  I ’ ~ - f Q  -‘ 4’

I i M L  - P’s M i ’ s  T E S

R 2

s~t
’
~i’I~~ Ri~

: 
~~~~~~~~~~~~~~~~~~~ ~~~~~~ 

r i ’
f t ,r 

‘

~
“

1,
It) 36

35 4

38 ~ - -

MB T 35

34
24

23 -

I~C)
22  

60 120 ISO 240 300 360 420 480
T I M E  IN M I N U T E S

‘S
________________________________  -— -~ - —.— --  7- -



Unclassified
I S.curI t ~ CI&I~II>C~ IIon

D O C U M E NT C O N T R O L DA T A — R & 0
‘ I, - -~~ I 8 8 1 9 , ‘ - ‘ ,, I . -~~I ‘ - - 1 . 1  II ~~~ 4 ! U I - - - M be eote,ed when The I,~~4l, ,r i,,, 33 83111 I’ I l  4S 114’I I

- ‘I( I’,- ’ I - \ - A -  - - I I 2.> 1 4 1 1  1)7,1 3 N I  ‘ 3 C I 1 I 1 : T Y  I I  4 ,1> i ( _ A t ~~’I’~

iI ( I I .~I 
‘
I’, , 4 4 1 ) ( J f ’  

—

Bioscience
‘I - - I 91  I’ ’I I

4 W  ( ‘ O I l )  ~ N I- i-A P A I I [ R N S  ANI )  BODY TEMPERATURE DURING SLEEP

11 14 1 .1 III S I t ,~~ , ‘ , 4 ~ II 19,1 ‘91’ 9~~’~ ‘ (‘‘ 1’’

IL’ L hlfljCal Rcporl
‘-4 I S - I ,., ( 3 1 , ,’ ’ - - ‘ ‘‘ ,I’’’I’ ’ hI ‘ 1

R ( J I ~~I 1 I ’ t  A.  Reed L .
I , 1 V I U U S tIII1I S. Limme r R.

- - ‘. ‘.1 ,.‘,T E  1,, T O T A L  N~~ 01 I ’A I , I -, It, N 1  I)>-  I-I ) I ,

“lAY 19 77 
- - - 14

4,,, 4 1 ,  44  I ’  ‘‘ ,‘‘ A ‘-.1 ‘.11 ‘ I ,, 4 4 -Il,; I 1~,j A ( 1 ) 1 3 ’, I)) 11 . ti M F N I ,Mk I - SI

77X 15

57 ‘,‘ b A - , I ~~~~ Yb (I II-I E, l-3 I)( ILIJMF NI NI) 1St IA9 4 ol h .— I - - - ‘ - - ‘ ~~~ ‘‘ ‘ -. ‘ - -> - ,

ass Ign>’> ) 71, 3, I’ll ~31I’I~ II

I i )  I I ) S I b I BUT I I ,N  - ; i  ‘1 1 4  MI

U n l i m i t e d

1 ,1 1” ( ‘.14 - . T A ~’ 1 ) )  , 12 SPONSOHING ACTIVITY

DCIEM 

-

1:1 -‘~~l - I 1/, - 7

Sleep s t , i4~~e’s , is measured by el ec troencephalograp hic tracings , and
r> ’ i ’t :i i and skin tempera tu res of two young Caucasian males were recorded
I I )r l i g h t  nights in tes t  environments at North Bay , Ontario , in February ,
19 75. During the f i rs t  three and last two nights , they slept in thermo—
neutra l environments and during the intermediate nigh~ s they slep t in an
unheated tent at ambient temperatures ranging from —3 C to —12 C. Both
s u b j e c t s  experienced a deprivation of rapid eye movement (REM) sleep;
hawever , no “rebound” phenomenon was seen on return to thermoneutral
(‘ ond i t i(l l l s.  In confirmation of earlier and well—substantiated observations ,
it was Ibserved that the subject who showed more delta sleep in the cold
was the one with the gri-ater rectal temperature depression .

I I . I 9
73 7 4 1  - —

~~~~~~~~~ ~,‘ ‘

~~~~~~~~~~~ AG~~~~~~~~~~ T 71iJ4~D 

~:‘ 1’
- — ‘  —--- S — ~~~~~~r- t~~ - - ‘ — —.  ~~~~~~ -; - - - —



U n c l a s s i f i e d

- - - 

- 
S .cotOy >~~~~1,~~ ,I, a t , i ’ -  

- - 1
i-i I &‘ep ~~t ;) 4~ & ’ -;

> ‘ ( l l d  st r~’i- o-

~~~~~ r 1 - l ) , ’ l l n ( l

ff45113 1ICT IONS

I’ , . , I N ’ I  t ’~ A l  I IV IT ‘ 1 ,37 , - l I l I ’ . I ’ > ’ - I ’ . , I , l I t I ’ 1 . I I >  I I I  II, 1 1 ) 4 4 1 1 3  l~ ,I ~,1,iI ‘,l NUI1,IIII III ’,, II tn.- , i ’ ’ , - , , t ’ . .I, 3 11.41 >4’ , , ,

I II I’’ - 3! ‘ ‘ I I t ‘l- ’ 1 .’1I’’’ I I , c I l l ’ , , , l  . 11 , - U  I , ’ ’ , ) , I , u t ’ , l , l I Iu>i> beIS 1.-fl,,’ I iy the l I I I ~~I f l u > , , >

- ‘ I  ‘3 li1I~ ,>I~Il l3II l  I , a>st, ,’,> I.’, lIt,, I l , l , l l l  I’’’ ’-
‘ I I~ l,l , \ ‘I ‘4 I I— ,) f i l l  , C ,  ‘\t- ~- .II I, - , I > I  ‘1. t ‘ I

- ‘ , , ,  . , ‘ , . I I ’ t , l l ’ ’ ’ ’ ’t l h ,  I 7 I I , ’ , l ’ l , l ’ l  I I I  I , , - ) -  ,o , , l , , I~ ,‘, l I I ’ - I ’ I  > ill III.’, ?  14114, ‘ 1 1 ’ ”, 5 IA I) ‘.14- P~ I ‘‘1~~1 81I~ ‘I’ l,,IIQII, ,,II

I - ‘ ‘s  ,‘ Il, lI, , l  
~lj ~ io ,I,I,’ l l t h , , ,  I - c ’ ,.- ~~~~~~~~~ ~ l li,.’ ,I.,  , . , . I , I  - , tb , ‘ , l h i , -  111,1%, ’ l f l >I>~4 S>4>

SPI U l ’ t , I ,, - ,S , ’ 1 I~~~~ 9 . , \ ~ l l q c 7 . I l 1 ’ I . l ’ I  1 , 1 ?  ‘ ‘ 0 , 1 ’ ’ , ?  S 1 , 1 1 1  .4%
,I’,- t I ’ l  4 ’ ’ ’  ‘I , l ! l > 9 > I~4 I ,> ’ _~~l ’~~l ,lI I I I >  ‘1’” ’ ’ l ’ ‘ I ’ l  I I’,.

1 ,~~~ l l l - - , It’ > I l ’ ~~~~~ l I  ~~ ~~ I I I  ‘ ‘ ‘ I I I  - ‘ ,, ‘1~~ ’ - ? , 4 _ I l  1 1 9 1 - . I 7 ’  - , I , , - , ) ‘,‘, , . .,, I,’, , - ‘ ,,, ~, Ii  l , , , , , I > , , I ’ c ,i tl,i
- I , , I - , ’ l l ’ ’ .  I I I  , 

‘ t P 0 ~~l , ‘‘I ‘ I ’ ’  11111  ‘ l I l t - I l
Ill, 11.11 ‘ .1 7 - I I  I I - , ‘ - ‘  11,’ - ’ - . l I ! . I i I ? , , ’ ’  7 I 71, 1 ,13

1 , 1  ‘‘ 3 , 5   II  .11 1 I J ’ ,, ” - ‘. i l ’~~~. l I ~~~ 1 1 1 1 I 1 .  i . , ~~~~~ 1 I , ;‘ , I , , , , , ,  , 9 4 _ t 1 1 ’ I .11>4 ) - l  Ss~’l ’ t ’ l 1  I I 1 1 1 9 1 I I  ,Ii,’
Il - - I ’ l’’ ’ I ’ ‘ , - t i - I  I ., ’ r . - I t, ’~ .,- l , - , 1, - - ! , . , I I - ~~~j l , , p _ 3 , ,  I I  ‘‘‘1 1 ,I t > 1 , I I I / I ’  I l~~I t 111111? 4 1 1 1 1 1 1  , f l I > I ’ I I _ , I I I

‘ I . l’~~~.’. 1 J I  1 I i , I , - , , I I l . I t . ~~~~~~~~~~~~~~~~~ 1 I t , I ~~, , I , . t a I l , ’ t t I ’ , I
~~~I > - ~~

, I I  lq . > I I . , l l ,
’’

i i  ‘lU’’. I MI ‘4 1 414 ‘I ‘ 9 - I l ) ’ . 15~ I I , ,  u>J , I ,T I , , ’ >4 I  I - . I I I . O l 4 l t l I  4
7,1 - ‘ ‘II T I ’ .E ‘i - - ris I I’ II ‘ - ‘ ‘ ‘ i’ , ol ‘I,,, I ’ l l ’ ’  I ‘I 1 1 , 1 1 , 1

.4 - I>’I  1901 4> .~7 t l . t  ‘ 1 1 1 ’ , . ,  il 00!>’ I I I  11 . 1 1 1 1 , 1 1  >I 1011 ,11  Ii
I~. I ,> . - - i  ‘ I ’ I I I / ’ I , ’ , l i  “ I ) I l - I  ‘ 1 1 1 3 1 . 1 1411” , 3 2  53’ONSORINU A C T I V I I  V En>,’, the ,>a>ne oI the ,Ieparl>,>enlai

I I I  I ‘~ j
l C v ,  It I -  I’l l  I,i ’,tv l -  - I _ I t  ,. .. Y,’’ a (>ro~e,t r u ,,- or laboratory SpOnso, ,nq the researc h anti

4))>’? . ‘Ic Ic 1 1 9 1 1 ’ t I  9 I1”’’” I is ‘ , - o’l .lPve)opme fli - Inc Iu>’Ie 11,1111 e’.%.

h,’ ,,ani,’lsI ol ., ,~ ‘ 1 , 1 3 ~‘. ,ll ~~~ ’ on II 7 1 4(1ST lA d  Enter ,,n al , s t, a I -t  qI , s In g  a br,eI antI lact ual
I t  - . - ‘ I t’  ,- ‘ , , - nt I r I’ I I , ,St  ‘‘ ,, ‘ , , -  , 1 , 1 5 !  ‘ s  ‘ - i . - III ’ .,, 7 , 1 1 - ‘ i - ’, , > ,  ,,I lIr e I > I I I _ 0 1 9 r ’ I l  I . I’S ci, II>ough i t ,nuy usa aopeav

I I  l 1 1 I - 1 l ’  • I’ ,, ‘ 11,4  1€, - ‘ , - o , -  0) ‘9.’ 4 1 1 1 1 1 1  . 1 1 , 1 1  , . , I I ’  . , , ,s it ,  , !‘,,‘ ,l, h i ’l l ’  ‘11 lIt>’ l,>,dy I I I 151’ (Iocumerll ,,,o I I  It IS  h>ghiy
I . ‘ ‘l ’ l I t I I ’ I I ’’9 l ’ l 4 I , l I , ’ t i t > ’ I l t  t Ies. ,ab >e t hat th e ,Ibsl, act ot c lass i f i ed docurnenls be unClasS,’

I,.’,) luch pa,..~~ aph ,l Tb.- absti act shall e,,>l wi th all
Cl  11 41,3 > 4 )  1,4 11 1 ,7 , ’  Tb,’ - I ,  t I ’ ’ r l t l l l I l i l . ~ “ t ’  I 3 1,1 1,, ,j t IO l t  ‘,I lIt , ’ setur tty clast ,l,reI ,on oI the ,nlorrnat>on
I 1 i . > I , l I ’ ,1 I l l I> . t , l  -~I ’ 4 ’ ’ ’ ’ ’ - I ’  I~ ’I 10,111’ ,  1I 1 , 1 -  I I I  t i l l  , I l ~~~, , n , I - ’ ,  I U ,  It >,, IdTdYtdPll I~~ 1tI, ’SS Ill, ’ ,Iot unten t , IS II ,“ o~>cIass> I,e >I )

t , ’> , , > s ,’ ,’ t t . ’  I ,‘— 711) 1 . IS) , IC I  ( R I  III III)
4 ,  I : , ! ,‘, ‘ .‘~~~~ ‘ ‘ ‘ ijl 5 4 , 5 TI ’ ”  ‘I I I  1.19 1 101 1 1 1  slio,,I,I

I-  . 11,1,, I h l l l ’ l t . > I  l’ ’ ’ - ’ ’ ’ ’ ’ ’ ~ I>~ ‘ ‘ ‘ ‘ - ‘ I  1 1 > 1 1  I , - ’  I I  I , , , , , , I , > ’  l i l t ’  1>110 4 111  t I rh. at,sl r ,,c t sI’,ouI,I lie I>rn,te>I I> 21) st ng le s p >> id

~~1 I I’ S ’ ’ ’’’ 
I , , ,

~ l , l 4 , 5 ,  511, 0.41 , , , , ,  ‘ , ta ’ t , I . > , i l  l y p e w r i t t ef l  I. ,,. -. F ’ I lOt trot IlIfiQ

II, l4 , ) ~ ,’~~’~ I ’  II I I  i- I I I  I’l l I -
‘ I ‘III I I - . - I .  3 I , , , , , - t . I ’ > 1 74  I I V ~~l 1 l 4 I l ’ ;  k , ’~ Wl>rlI S . , t i ’  >o>-hn,, ill y IltO ,IIIIIII IIII I tw It ,,  >4T

I ‘r~-’~~.’ . , I ’ d  It ,  l i p , - ’ > ’  II ‘ ‘ ‘ ‘ ‘ 1 , 1  .1, ,, , lIlt - ‘a ’S II,,,> , t , . i t . ~ I l - I l / . ’ III,, , I I I I , ’ I I  I t I l l )  > ,,,,l,I I,,.
1111 ’ 1 1 1 1 1  l , t l l I ’ I I  1 I’- ‘‘s 9>4,4,115 sIn,,,),) I,, ’ ,eI,n t .’,I so

I’ l l  ,t I ,.I IS .  , , 4 I ,53’g j  ‘9115 ’ ) > )  II It I I ’ l ’ ’ - ’ I ’ ’ ’ -0 , ‘ ‘ - t ’ ’  II,, . II,,, I II>) 3, 1 0 1 1  I~~ ,l .,sSII,,, Il 1 1 1 1 1  4 5 1 i ’ I > I I I t I I I  I I,I,u,,I,I,nrs su, t, ,,s
11 1 1 1 1 1  - I ’ ’,’- I , l 7 I I ~~l l l !  51 - 1 , 1 1  I I I  p I 9 1 1 1 1 1  I t t ’ ’  ‘ ‘ > l I ’ ~~i I ’ ’ . - l ’ I ’ I ’ ’ I ’  1>—I ‘it’s ,,> ,, ,~I ‘, , ‘ ,  I . a , I ,~ I I I > l t I i I , l I  IIT.IIy 11>0)01 1 i > t , I > ’

9 ’  ~~ i I I ,  ) , ‘ l , l , , , . , - , ,  I I W I - I l l ’ ’  I I 1 I~~~ l > l ’ I l l I I  . 1 1 , 1 1 , 1  t , l , . ,I t , , , I ,  l I d ~~ I,.’ , ,s>’ , I  .4% I I ’y w>,>t1s I t t . t  w,II
I ,, ’ t , , t P , l 0 , ~ ’ l l  l I 4  .1 11 111> lI( ’ j l t > t > l T  I I I  I,” 1 1 1 1 1 1  ii I ’ l l , , , ’ . ,

‘-Ii, I ,l,J’ il,’1I I ~! ‘.IIII 13 i i , I l I l l l l t l  ‘ I ‘h I l l  t l ’ i  l~~l 4 I ~~ - . I ’ l l ,

- ‘ - I  ‘ ‘ - - - ‘ I  I.- ‘4> 1  , I I  I t , , ’  I’ ‘ ‘ i , ’ ’ , ’  I ~~~ 0, 1 , 1 1 ’  I

‘I,, I I I ) ,  ‘ -. ‘ I - III - Iii I ‘ 7 ! )  t~ I t -  11 ,1 11 )  I I’  3
,, l i , , ,i l I > ’ > I , - ’ , I - ’ n t - l I  1,1 1 1,9 ,,_ i l ’ l  TI l l , . -  1 , - I  will

‘ . 3 , , ,  1 > 1 1 4 >  l l ’ I l I l ,  . 1 1 1 , 1  ‘9 tI l l ’  I I I  l l > I l ’ , I t  I ’l l  l > I , , I I  v I l l , ,

— - ~~~~~~~~~~~~~~~~~~~~~~~~ — ‘—-‘ - ---—----‘T ’-— 
- - - - - _ _ _ _  -


