
Physiol-08B13 Explain the concept of time constants and relate these to “fast” 
and “slow” alveoli. 40% 
 
Definition 
 
Alveolar filling (and emptying) are exponential processes, which may be modelled by 
the wash-in (and wash-out) equation 
 

€ 

Vt =Vf × (1−e
− t /τ )  

 
where, Vt is volume at time t, Vf is final volume (at t = ∞), τ is the time constant. 
 
Thus, the time constant may be defined as the time required to fill the alveolus to its 
final volume if the initial gas flow rate were to be maintained 
 
Lung time constants 
 
It may be derived that for an alveolus, 
 
Time constant = Resistance to alveolar filling ×  Compliance of alveolus 
 
Normal values in adult, 
R ≈ 2 cmH2O/(L/s) 
C ≈ 100 mL/cmH2O 
∴ τ ≈ 2 / 1000 × 100 = 0.2 s 
95% completion of filling takes 3 time constants (i.e. 0.6 s) 
 
Fast alveoli have small τ → fill/empty rapidly – small R and/or small C 
Slow alveoli have large τ → fill/empty slowly – large R and/or large C 
 
Factors that influence time constants 
 
May be further divided into: 
 
Factors that influence R (e.g. asthma/COPD ! ↑↑R ! ↑τ) 
Factors that influence C (e.g. pulmonary fibrosis ! ↓↓C ! ↓τ) 
 
Many factors can influence both R and C (e.g. emphysema ! ↑R, ↑C ! ↑↑τ) 
 
Effects of heterogeneity 
 
Inherent heterogeneity in alveolar resistance and compliance ! inherent 
heterogeneity in alveolar time constants 
 
Consequences of this include: 

(1) slow alveoli are slower to fill/empty ! relative “hypoventilation” ! have 
higher PACO2 and lower PAO2, vice versa. 
This is reflected in the upsloping of capnography trace. 



(2) during respiratory cycle, slow alveoli do not have enough time to equilibrate 
∴ dynamic compliance < static compliance 

(3) faster RR ! larger difference between dynamic and static compliance 
(4) pendelluft (“swinging air”) effect – slow alveoli may still be filling while fast 

alveoli are emptying (esp. in emphysema) 
 

 
CD upslope reflects relatively hyperventilated fast alveoli emptying first followed by 
relatively hypoventilated slow alveoli 
 
Examiner’s comments – 40% of candidates passed this question. 
 
The answer should include: 
" An objective (mathematically-based) definition of a time constant, 
" In relation to lung units, the time constant is often defined as the product of 

compliance and resistance. 
" Some factors that influence time constants (physiological and pathological causes 

of alterations in compliance and resistance) 
" The effects of heterogeneity in time constants (static vs. dynamic compliance and 

respiratory rate) 
Additional marks were awarded for ways of measuring the effects of heterogeneity of 
time constants. The capnogram and the peak vs. plateau pressures. Many candidates 
spent a lot of time explaining various other formulas pertaining to compliance, 
surfactant, and alveolar collapse that were not directly relevant to the question. Many 
candidates thought that increased compliance causes fast time constants. 
 


