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CHAPTER 8

£EP AKD SIOLOGICAL BHTHYS

This chapter
is all about those rhythms that are
very prevalent in our lives. The most
common of which is

Research into sleep is carried
out using a piece of
equipment known as an
electroencephalograph - or,
EEG for short.

This records
the electrical activity of
the brain from electrodes
attached to a person’s

Sleep is a
behaviour that happens

in an approximate
24-hour cycle. It may surprise
you to know that a
lot goes on in the

brain when you are
asleep!

...and
the best wau
to investigate
this is to go to

F e

Lty

All that
needs to happen
now is to go to
sleep... 50 good night
to you all!
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Biological Psychology

The first thing
that you would notice is
that sleep is made up of a
number of different

Before sleep, the EEG pattern is mostly BETA Theta Waves are quite fast and erratic waves
WAVES when you are awake and ALPHA WAVES that are just a little slower than the waves
during times of quiet relaxation. shown during times of relaxation.

Stage 1 of sleep is a general state of drowsiness
that is defined by the presence of Theta Waves in
the EEG pattern.

Aah...
What? I wasn't
sleeping!

Alert

P Bets waves

Awake  re—panaron

o A wives = | 7 4 |
People that are woken during Stage |
Stage 1 1 of sleep often will claim that they §
Slee[:- PPy SV SRSV |were not actually asleep!
BThetawaves | 1}
D#rigq the fourtgm stage of sleep,
7 1 - The third stage of sleep has the body's metabolism is at its
gﬁaﬁgwefzﬂﬁﬁg,{éép ?Vrgﬁéf“sed waves that are even slower and slowest and the EEG pattern is
accompanied by sleep spindles - larger - known as DELTA WAVES, glg?it exclusively made up of
short bursts of fast activity. HAVER
5‘[‘33?, 2 5+83e. k| 5{'35& 4
\sFindlas
O pelt waves oppear™ 5 Mostly Delts waves
This is a deep
stage of sleep.
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Sleep and Biological Rhythms

You spend about 30 minutes in
stage 4 sleep and then go back
through the stages backwards.

When you
sleep, you move quickly
from stage 1 to stage 2,
then to stage 3 and finally
to stage 4.

To stage 3
then 2 then 1.

Suddenly the EEG waves become
fast and desynchronised.

then something
really weird
happens...

Y
This is the deepest stage of sleep

This stage

and is named after the fast eye
movements that people experience
as it happens.

=

> These are known as RAPID EYE
MOVEMENTS or REM.

of sleep is called REM
sleep or Paracloxical

Because
the person is asleep
yet the brain is clearly
aroused.

REM sleep is also
accompanied by an
increased heart rate.
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Biological Psychology

It seems that REM sleep |
is most associated with
dreaming.

When people are woken

during REM sleep about

70% report that they
had been dreaming.

| Compared to only 30% of those | = ,--?“"\ :
| woken up during stages 3 and 4. [ g :

During REM sleep, activity in
other areas of the brain can also
be recorded as being active.

This visual brain activity appears
to be related to the eye
movements seen during REM sleep
and to the visual aspects of the
dream itself

These are PGO (pons geniculo occipital)
spikes that show that the visual
centres of the brain are also active.

In fact, the full body
. paralysis that accompanies REM sleep

is necessary to prevent people acting
: out their dreams.

You spend 23y

about 15 minutes in REM
sleep and then you begin
the sleep cycle again by
going into stage 1, then
stage 2 and
50 on.

Ty 390 ' Although
T some people do when
they sleep walk.

:I’ 1 [

:':fi i .4
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Sleep and Biological Rhythms

The stages
of sleep are well
established but there is stil
one question that eludes
researchers.

'What
is sleep
for?'

All the signs point to sleep
being extremely important,

Firstly we spend
about 30% of our
lives asleep and
sleep deprivation
can have very
drastic effects.

] ’I.- .. -

B ) p

1 ay XY

" & Y

'y AN JL¥
/_.\' ‘ X :

e [ “ | =
=~~~ | Rats that are prevented from e

sleeping will die after around 21 dauys.
T ”R'W(‘.

The record holder for the longest time
spent without sleep is Randy Gardner.

| A
sl He stayed awake for 264 RS
hours (11 daus) in 1964.
! s
N 4

He suffered from
hallucinations, blurred
vision, incoherent speech
and paranoia.

It 1s considered very
dangerous to engage in
these kinds of stunts.

50 we
know that sleep seems
very important.

However,
none of these findings
suggest what the
function gf sleep mau
Q.

The first suggestion regarding
the function of sleep is
probably the most obvious.

J = [in i
for the

= That sleep is ESTDRATIOH
i —rm of the brain and bodu.
W —
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Biological Psychology

The Restoration
or PHYSIOLOGICAL huypothesis
suggests that sleep is
necessary for the recovery
processes in the brain and the

rest of the body. Brai

After a day’s
exertions, certain
physiological repairs
have to be carried
out by the body
and especially in the

During slow wave sleep - like in
stage 4 - the brain is peaceful
but the body is busily producing
certain hormones that help with
the repair of body tissues.

5fa3e %

P ISATE

& Mostly Delta waves|

It was Oswald (1980) who

suggested that REM sleep is used
for brain repair while slow wave
sleep is used for bodily repair.

have proportionately more REM sleep.

Support for this hypothesis comes
from the finding that newborn babies

Horne (1988) however, sudgested
that in humans, both slow wave and [
REM sleep is used for brain repair. !

According to Horne, in humans,
body repairs are carried out during
periods of relaxed wakefulness.
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Sleep and Biological Rhythms

The support for this idea comes
from the less drastic effects of
human sleep deprivation compared
J to that in other animal species.

K

Additionally, when sleep deprived humans
eventually do sleep, they only recover about 25%
of the lost sleep and spend most of that time in
stages 3, 4 and REM sleep.

In fact, Horne called these stages CORE sleep whilst
stage 1and 2 he considered OPTIONAL stages.

=3

The alternative
suagestion for the function
of sleep is called the
ECOLOGICAL or ADAPTIVE
hypothesis.

his hypothesis comes from the
J obseryation that different
-~ species of mammals sleep for |-
el different amounts of time over

a twenty four hour period.

Animals that eat other animals
-carnivores- tend to sleep for the
longest times over a 24 hour period.

Herbivores, that are predated on, tend to
sleep for much shorter amounts of time.

SHEEP
=3-8 hrs

HORSE
=2 -9hrs

cow
= 3.9 hrg

This suggests
that vulnerable animals
sleep less in order to

protect themselves from
being eaten.

Whilst
the less vulnerable
animals can afford to
sleep for much
longer.

183



Biological Psychology

However, whilst the adaptive hypothesis seems
appropriate to explain these differences, there is an
alternative explanation. y; ~

Herbivores need to spend
much more time eating as
their food is needed in
greater amounts since it is
less nutritious.

S oo e

50 while
sleep may be unsafe for
herbivore, that may not be
the only reason different
species sleep for different
amounts of
time.

In reality,
herbivores cannot sleep as
long as carnivores simply

because they need to spend
much more time awake
eating!

It may be that different animal species
will have different functions for sleep.

The bottlenose dolphin, for example,
sleeps one braih hemisphere at a time
to prevent it drowning whilst asleep!

It may simply be that the function of
sleep is to conserve energy.

The real
answer to the function of
Sleep is clearly @ long way
awal.

However, the restorative and
the adaptive hypotheses are
not incompatible.

If sleep is indeed restorative, it would also
make adaptive sense to vary sleep depending
on issues of food consumption, safety from
predation and energy conservation.




Sleep and Biological Rhythms

Sleep
and wakefulness
alternate in an
approximate 24 hour
cycle.

This

is only one of
many biological
rhythms.

Curt Richter suggested in the early
1920s that sleep was a rhuthm
spontaneousiy generated by the bodu.

However, at the time, as
with many other pioneers,
this idea was not met with
a great deal of approval.

that this cucle

Most people believed

must be

a1

b |

| Later research however, found that the

sleep/wake cycle remained roughly at 24
hours despite an environment where the "
lights never went out.

the sun setting.

o |
This means that the biological rhythm is at least L}J
partly controlled from within the body and not
simply a reaction to environmental stimuli such as

——— = -

— — R e et ey

So sleep
is known as an
ENDOGENOUS
rhythm.




Biological Psychology

The advantages
of having an endogenous
cycle is that an animal can
anticipate changes in the
environment before they
happen.

A good example of this is in migration in birds, who
must leave the country before winter sets in.

Migrating birds mainly respond Migratory birds show 'migratory’ restlessness if
to changes in the amount of they are caged (and hence prevented from

sunlight, so as the days become migrating) during the Autumn and Spring.
shorter, the birds begin to
4 migrate.
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to Affical Migration is also an
et endogenous cucle.

Migration
in birds is known as a

CIRCANNUAL rhythm
because it has a cycle of
roughly one
ear.

There a
number of different
circadian and
ultradian rhythms in
mammals.

The sleep/wake cuycle is known as
a CIRCADIAN rhythm as it lasts
approximately one day.

Other rhythms are :
ULTRADIAN rhythms
Ehat vary within a
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Sleep and Biological Rhythms

Frequency of eating and drinking.

variables change
according to the
time of dau.

temperature, for
example, is thought to be
a constant 377, but in
fact, varies throughout
the dau.

From
around 36.5" at 4
am to 37.4" in the
early evening.

) for their correct functioning.

While these rhythms do occur in the
A absence of light cues, light is necessary

s i’

It is as though there is a 'biclogical clock’
underlying these rhythms and it is like a
watch that runs a little slow.




Biological Psychology

The environmental stimulus

that resets the biological LU e
clock is called a zeitgeber ~ O g
('Time-giver in German). 75 H'
T o
= TN

The zeitgeber for circadian rhuythms in
Aland mammals is usually sunlight and for
il marine mammals it is usually the tide.

— P

These alternatives are not as good

at setting the biological clock

When sunlight is not available - as with astronauts
-then other variables act as zeitgebers. ¢

o) I / "7

K / ;

Lt / # :
Things like meals, noise, and [ = =
temperature fluctuations. |5

/',.":f Ty

the biological clock is
very resistant to
interference.

And people
have tried with a
number of different
things...

Tranquilisers
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Sleep and Biological Rhythms

The best
way to disrupt the biological
clock is by affecting the
Suprachiasmatic Nucleus of the
hypothalamus (SCH).

The SCHN
is the biological ‘clock’
that controls rhuythms
like sleeping and waking
and sits on top of the
optic chiasm and
receives input from the
optic nerve.

visual input - that may

not be from the cones and
rods - is severed or the

SCH is damaged, biological

.

The SCHM generates its own rhythm
which carries on in its cells once
removed from the rest of the brain.

thought to generate this
rhythm partly by producing
certain chemicals until a
particular level is reached when a
‘feedback loop' stops the
production of any more until the

The SCN is

level drops down
again.

It is the S5CN that needs light in order to run the
sleep/waking cycle 'in sync' with day and night.

<
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If humans are kept in isolation from time and
| M light cues in a bunker or a cave, their
] biclogical clock drifts to a 25 hour day.

- o Despite the fact that th
t

During the 4 month darkness in the Antarctic
winter, Greenpeace volunteers found that their
‘day’ ran for approximately 25 hours.

S = :
e - -

= pecple did have access
time information,




Biological Psychology

4
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The SCN requlates the production of
MELATONIN by the pineal gland.

Melatonin is produced by
humans mostly at night.

In fact, melatonin has
\ / been used to help
sy shift workers and to
\ o combat jet lag.
-\\

Light resets the biological clock by
stopping the production of melatonin.

Jet Lag - caused by travelling
across time zones - disrupts sleep The problem is that the timing|
and impairs performance. of day and night change

quicker than the biological
clock can adapt to. j
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Soitis
easier to stay awake
past your bedtime
S than it is to sleep
== ok when you are not
— T
B e

It is easier to adjust to the time
difference when you increase your day's
length by traveling West than when you
shorten the day by travelling East.

ot




Shift workers sleep less than day workers
and their performance is affected.

{ The problem is that shift workers|

Sleep and Biological Rhythms

tend to have disturbed sleep
during the day and conform to
the normal pattern at weekends.

These sleep problems e
| | cause work errors that .
peak at around 2 am.

—————

i

Industrial accidents tend to happen
in the early hours of the morning.

% - The Three Mile Island
nuclear accident

Sleep is
undoubtedly a very important
aspect of people’s lives even

though research has only just
begun to understand some of
its secrets.

B\ other words a
= mysterious and
= | magical thing.

While we are
still unsure about the
true function of sleep, we
know more about sleep
and the brain structures
controliing it than ever
before.

50 sleep
is not magical, it is
biological!

35
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