
1. Circadian rhythms introduction 
Circadian rhythms – around the day 
Organisms have acquired mechanisms for exploiting natural rhythms e.g. sun/moon/earth 
Circadian is the most dominant and is found in every organism with the experience of light and dark. 
 
Why are circadian rhythms ubiquitous on Earth? 
Ancient: 

- Organisation: physiology e.g. not trying to absorb sunlight when there is no light 
- Anticipation: environmental events e.g. time of day can affect when you are exposed to 

predatorys 
Modern: Behavioural: 

- Orientation 
- Seasonality: e.g. mating 

 
The first circadian rhythms experiment: de Mairan 1926 
Took a plant that closes at night and shielded it from the outside world. Found that it still opened in 
the daytime and closed at night. 
This is not a passive response to light – likely endogenous – from within the organism 
 
Clock properties 

- Endogenous 
- Free running – close to but not 24hrs 
- Settable to cyclic environment 
- Innate 
- Temperature compensated 

 
Rhythm An event that occurs at regular, predictable intervals 

Cycle Continuous series of events and processes that return to a 
starting point 

Oscillation Cyclic change in a variable 
Phase One point on the cycle 

Phase shift A change in an oscillation form one phase to another 

Phase angle difference The difference between reference points on two oscillations 
Clock Registers the phase of the cycle 

Timer Registers the duration between two phases 

Tau/period () Length of endogenous rhythms (DD/LL)  

Zeitgeber (T) Outside stimuli that changes your clock  

Subjective day/night Corresponds to day/night while on a light cycle. 
Circadian time (CT) Inner day 

Zeitgeber time (ZT) Outer day 

 
Actograms 
For a hamster, t< 24hrs. 
When put in constant darkness (DD), the cycle is slightly 
less than 24hrs. 

- / slope: t < 24hrs 
- \ slope: t > 24hrs 
- | slope: t = 24hrs 

 
Entrainment/synchronization 
Non 24hr sleep/wake disorder in the blind 
For blind people, although their sleep is aligned with the 
night they have lots of naps in the day, which are aligned with peak melatonin. 
Lockley et al 2015: melatonin can be used to help synchronise. 



Two ways to entrain (become 24hr): 
1. Change the period 
2. Reset the phase 

 
1. Environment changes tau 
Blind people have never experienced the 24hr cycle, but just experiencing it can make tau approach 
T – known as “after-effects” 
These changed to free running rhythms are semi-permanent – up to a year. 
Even single pulses of light can change tau. 
 
2. Phase shifting 
Even while entrained, the endogenous circadian clock is not 24hr, and must be reset every day – by 
light. 
The same light produces different entrainment, as free running 
rhythms are different in different organisms.  
 
This depends on when the light falls. 
Can affect magnitude and direction 
of change: 
 
 
 
 
 
So a light pulse in early SN leads to a delay – like repeating 2 
hours for example 
A light pulse in late SN leads to an advance – like repeating 2 
hours for example 
 
Limits of entrainment for humans are about an hour 
To figure out what phase shift you need, use:  

 
Phase angle of entrainment - what the 
world sees of your clock. 
 

All animals have 24 hour behaviour, it is the timings of this that is naturally selected. 
The expression of circadian rhythmicity that is subject to natural selection. For photic entrainment, 
the period and the PRC (your responsiveness) are the characteristics of the system that determine y. 
Your time angle relative to the world.  
e.g. one animal’s phase angle may be half an hour before dusk. This may lead to them being 
predated out. 
 
e.g. Women have a shorter intrinsic period than men. Men have longer internal periods. 
Women more early type, men more late type. 
This changes how our internal timing lines up with the world.  

- Even behaving in the same way, internal clocks might be different. 
- The faster your clock, when synchronized to the environment, the earlier your timing and 

behaviour will be, relative to this 24hr day. 
 
Entrainment phase angle may be altered by 

- Changing the circadian period (zeitgeber) 
- Changing the sensitivity of the system to the Zeitgeber (PRC amplitude) 



This affects how your physiology lines up with the world. 
 
Why does phase angle matter? 
In humans, it can determine the quality of sleep and secondary health 
outcomes e.g. weight, mood, vulnerability to cancer. 
 
People with insomina’s clock lines up in an abnormal way for the 
environment, e.g. a CBTmin (signal for sleep) too early (sleep 
maintenance problems) or late (sleep onset problems) in the night. 
Phase shifting and entrainment 
Why is the endogenous circadian period not 24hr? 
Phase control 
e.g. loosely fitting gears: If one isn’t driving the other and they're just turning at the same time, 
there is no accurate control over timing. 
 
Nonphotic phase shifting and entrainment 
Light is the dominant zeitgeber that synchronizing your rhythm. 
Other stimuli can affect your clock and induce shifts in circadian timing. 

- Dark pulses in constant light can cause phase shifts in nocturnal 
animals 

- Nonphotic things tend to have more advances in the day and not 
much effect in the biological night. 

 
Hamsters given a new wheel in the middle of the day leads to advances 
in timing towards it. 
Brain stimulation reward has the same effect. 
This same PRC is seen with melatonin in humans. 
Given in the day time = phase advances. In the night = nothing happens. 
When occurring at the wrong time, something about the zeitgeber has information. 
 
Circadian rhythms are innate - Edwin Bunning 
Raised fruit flies in constant light so they didn’t experience 24hr light patterns and neither did 29 
generations before. 
Dropping them into constant dark produced 24hr rhythms. 
Therefore, exposure to 24hr timings isn’t necessary. 
 
Circadian rhythms are temperature compensated – Colin Pittendrigh 
Even though there was a big difference in temperature, all flies synchronized. 

o Most biological processes are not 
o Q10 = 1 means it doesn’t change for temperature differences 
o Not fully known how this works 

 
Orientation and seasonality 
Orientation 

- Bees’ waggle dance can tell them the direction of a food source. 
They use their circadian clocks to adjust for a change in position of the sun. It is a landmark 
in the environment for the location of the food. 

 
Seasonality 
We use our 24hr clocks to keep seasonal time as well. 

- Plants that flower more at one time of year than others, based on short or long day. 
This is not based on the amount of light, but when in the biological day that light appears. 

- Hamsters only breed in the summertime. Testes weight depends on photoperiod (amount of 
light in the 24hr cycle). 

of leptin, you are going to be hungrier. 


