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Mathematical model of First Order System for a 
Liquid Filled Thermometer

➢Measurement systems that
contain storage elements cannot
respond instantaneously, to
change in input.

➢The liquid filled thermometer
has a bulb, that exchanges
energy with its environment
until the temperature of both
becomes equal and stores
energy during the exchange.



The temperature of the bulb

sensor will change with

time until the equilibrium is

reached, which accounts

physically for its less than

immediate response.

The rate at which

temperature changes with

time can be modeled With a

first order derivative, and

the thermometer behaviour

can be modeled as a first

order system.



The temperature is assumed to be

uniform throughout the fluid at a

particular time but may vary with the

time.

The working of the thermometer is

based upon the thermal expansion of

the filling fluid which makes the

liquid column rise or fall according

to the temperature variations.

A liquid filled thermometer is shown in fig. The input quantity

is the temperature θi(t) of the fluid surrounding the bulb of the

thermometer and the output is the displacement xo(t) of the

thermometer fluid in the capillary tube.










