
Phys-12B13 Using an example of exponential decay, define and outline the 
important features of an exponential function. 
 
Background 
 
Exponential function is any function that takes the form 
 
f(x) = ax 
 
where, a is the base and satisfies the properties a > 0 and a ≠ 1 
when the base is Euler’s number (e), the function is said to be a natural exponential 
function 
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Natural exponential functions are encountered in a wide range of physiological and 
pharmacological processes, e.g.: 
(1) First order elimination of a drug from plasma 
(2) Radioactive decay of a nucleotide 
(3) Filling and emptying of alveoli 
(4) Wash-in and wash-out of volatile anaesthetic from alveoli 
(5) Growth of bacterial colony 
 
Plot of natural exponential function (y = ex) 
 

 
 
LEFT: standard plot of y = ex ! note that as x approaches – ∞, y approaches (but 
never reaches) zero  
RIGHT: semilog plot of y = ex ! note that it is a straight line 
 
 



Properties of exponential functions 
 

 
 
Above is a plot of an exponential decay function, e.g. modelling the first order 
elimination of a drug from plasma 
 
Following are properties of exponential functions illustrated by the above plot 
 
(1) Horizontal asymptote 
 
Over time, concentration falls toward zero but theoretically it will never reach 0 
 
(2) Proportional decrease over fixed time period 
 
Over a given time period, the concentration falls by a fixed proportion 
 
i.e. if it takes 1 second for concentration to half, then it takes another 1 second for 
concentration to half again 
 
(3) Instantaenous rate of change is a fixed proportion of current value 
 
For any given concentration, the instantaneous rate of elimination (i.e. slope of 
tangent to curve) is a fixed proportion of that concentration 
i.e. greater the concentration ! greater the rate of elimination 
 
For example, 
Concentration (mM) Elimination rate (mM/min) Ratio elim:conc (min–1) 
1000 100 0.1 

100 10 0.1 

5 0.5 0.1 

 
(4) Half time 
 
Half time = time taken for concentration to half 
Half time is a constant and is independent of concentration 



i.e. it takes the same time for concentration to fall from 1000 mM to 500 mM as it 
takes for concentration to fall from 4 mM to 2 mM 
 
(4) Time constant 

 
Time constant (τ) is defined as the time it would take for concentration to fall to 0 if 
the initial rate of decline were to be maintained 
 
For exponential functions of the form y = Ae-kt  !  τ = ln2/k 
 
After 1 time constant (τ) ! 1/e = 33% remaining 
After 3 τ ! 1/e3 = 5% remaining 
After 5 τ ! 1/e5 = 1% remaining 
 
Example of application of exponential functions 
 
During pre-oxygenation, the wash-out of nitrogen follows exponential decay and can 
be modelled by a natural exponential function 
 
Time constant for this process is given by τ = FRC/MV  
 
For 70 kg man, FRC = 2L, assume RR = 10 breaths per minute 
 
If he takes TV breaths of 400 mL ! MV = 4L/min ! τ = 0.5 min 
i.e. expect 99% denitrogenation after 2.5 min (5 time constants) 
 
If he takes VC breaths of 4500 mL ! MV = 45L/min ! τ = 0.04 min 
i.e. expect 99% denitrogenation after 13 seconds (5 time constants) 
 
Examiner’s reports - 36 % of candidates passed this question. 
 
A structured answer that included a definition, physiological examples, a graph 
demonstrating the function with a description of half life and time constant would 
have been rewarded with a pass. 
 
Extra points were awarded for exponential formulae, for noting that the curve will 
approach but never reach zero and for conversion to a straight line by plotting on 
semi log paper. 
 
Common mistakes were to an incorrect definition of an exponential function, and to 
describe at length the relationship between lung time constants, compliance and 
airway resistance, which was not asked for in the question. 
 


