Chapter 9

The Circadian Clock and the Homeostatic
Hourglass: Two Timepieces Controlling
Sleep and Wakefulness

Sarah Laxhmi Chellappa and Christian Cajochen

9.1 Introduction

Two facets of time play a pivotal role in the prediction of sleep propensity in
humans: internal biological time and external time that is elapsed time spent awake
and asleep [1, 2]. Briefly, internal time is determined by the endogenous circadian
pacemaker, and needs to undergo a daily synchronization with the external time.
On the other hand, “elapsed time” awake and asleep mirrors the homeostatic process
and accumulates exponentially during wakefulness and is subsequently discharged
during sleep in a faster exponential fashion.

Biological rhythms (internal time) comprise repetitive biological events with
three main features: period, which corresponds to the length of a given rhythm;
phase, which consists in the timing of a given rhythm with respect to a stimulus;
and amplitude, which is the measure of the amount of a rhythmic event [3].
Circadian rhythms in humans have a period of approximately 24 h that is in tune
with the 24-h solar light—dark cycle, the most important recurring stimulus in our
environment [4]. Moreover, these rhythms have been recently shown to depend on
genetically controlled rhythmic molecular events that rule several dimensions of
cellular, system, and behavioral functions [5-7].

One fundamental behavioral circadian rhythm is the sleep-wake cycle. While
wake during the diurnal period enables optimal use of vision to direct behavior,
sleep during the night provides the best time for critical restorative behavior.
Thus, the physiological rationale for the circadian regulation is to provide an optimal
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