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Recap on lab assignment

ÅA potential divider converts a changing resistance into a 
changing voltage
ïBetter to measure/alter voltages than currents

ÅYou will continue from where you left off
ïWe will prepare a common circuit for everyone
ïYou will connect the opamp and carry on

ÅRefresh your memory on opamps

ÅReports are not due until next year! (9 th January)
ÅBe clear on the question you are answering
ÅDO NOT put your name on the reports (just your 

number)
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The Story So Far - Doppler Effect and Imaging

ÅThe perceive frequency of a 
source relates to the relative 
speed of source/receiver .

ÅA radar for red blood cells
ïIn the bloodstream, large 

vessels
ïAt the capillary level

ÅBlood cells moving towards 
the receiver appear red, 
otherwise blue.
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Ultrasound and flow

Tissue blood flow
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The Story So Far - Capnography

ÅMeasurement of the CO 2 exhalation.

ÅDetect successful intubation.

ÅProvide information on end - to -end respiratory cycle.

ÅMain -stream / side -stream transducer placement.
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The Story So Far - Pressure Transducers
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ÅThree common types of output:
ïMillivolt output pressure transducers:
ÅUsually the most economical.
ÅOutput around 30mV.
ÅLinear and fast behaviour.
ÅSusceptible to electromagnetic noise.

ïVoltage output pressure transducers:
ÅOut around 5Vdc.
ÅOutput is not a direct function of excitation.
ÅRobust to electromagnetic noise (good for industry).

ïMilliampere output pressure transducers:
ÅCalled ñtransmittersò.
Å4-20mA signal.
ÅCan be used to transmit signal over long distances.
Å(the voltage would drop due to resistance).
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The Story So Far - Pressure Transducers
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ÅTypes of technology:
ïPiezoresistive strain gauge:
ÅThe material compresses under pressure and its 

resistivity changes.
ïCapacitive:
ÅThe capacitance of a variable capacitor changes as the 

pressure displaces the plates.
ïPiezoelectric
ïOptical:
ÅAs an optical fibre bends, the light travelling within is 

modulated.
ïPotentiometric:
ÅThe pressure induces change in a resistance ratio.
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Contents of today

ÅSpirometry

ÅExample of choosing a pressure transducer

ÅMore on pressure sensing

ÅBuilding a spirometer

7



Spirometry



Dr. Christos Bergeles - c.bergeles@ucl.ac.uk - University College LondonDr. Christos Bergeles - c.bergeles@ucl.ac.uk - University College London

Respiration Measurements

ÅRespiration: the chemical 
process of releasing 
energy from (complex) 
organic compounds.
ïIn medical engineering: 

breathing = respiration.
ÅExchange of O 2 between 

red blood cells and the 
alveoli of the lungs.
ïEach lung has ~300 

million alveoli.
ïApproximately 75m 2

surface for O 2 exchange.
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Respiration Measurements

ÅñQuantifyingò breathing capacity.
ÅCharacterise the movements that draw air in and out of 

the lungs.
ÅRibs, airways, intercostal muscles, diaphragm, lungs.
ïThe respiration system.
ïWe want to measure its ñoutputò.

ÅInfer the volume of air in the lungs, and the respiratory 
capacity of a person.

ÅThree common measurement ways:
ïObstructive measurements.
ïPlethysmography.
ïImpedance -based measurements.
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Obstructive Respiratory Measurements

ÅMeasure the airflow in/out of the lungs by impeding it.
ÅThe process is called spirometry.
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Obstructive Respiratory Measurements

ÅSpirometry: pulmonary function 
tests.
ïAsthma.
ïSymptoms of breathlessness.
ïPreoperative risk assessment 

(anaesthesia, cardiothoracic surgery).

ÅPhysiological parameters measured:
ïForced vital capacity (FVC): vol. of air 

forcibly blown (L).
ïForced expiratory volume in 1 sec 

(FEV1).
ïPeak expiratory flow (PEF): maximum 

flow achieved during forced 
expiration (L/sec).
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Obstructive Respiratory Measurements

ÅSpirometer operation modes:
ïHeated wire.
ïRotating wing.
ïDifferential pressure sensing (pitot tube).
ïSpring -weight.
ïetc.
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How to choose a pressure transducer

15
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How to choose a pressure transducer

ÅPhysiological parameter to measure
ï(as pressure) breathing and forced exhalation of O 2

ÅHow does breathing behave? Spikes?

ÅWhat resolution do we require?

ÅWhat is the dynamic response?
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Differential pressure sensing
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P1 P2

Cross-section 1 Cross-section 1

”ȡÄÅÎÓÉÔÙÏÆÆÌÕÉÄ ”ȡÄÅÎÓÉÔÙÏÆÆÌÕÉÄ

Properties of fluid at entry orifice Properties of fluid at exit orifice

ὺȡÌÉÎÅÁÒÖÅÌÏÃÉÔÙÏÆÆÌÕÉÄ ὺȡÌÉÎÅÁÒÖÅÌÏÃÉÔÙÏÆÆÌÕÉÄ

ὖȡÐÒÅÓÓÕÒÅÏÆÆÌÕÉÄ ὖȡÐÒÅÓÓÕÒÅÏÆÆÌÕÉÄ

Assumptions: Laminar flow

X

X
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Bernoulli Equation
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P1 P2
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Energy of fluid at entry orifice Energy of fluid at exit orifice
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Pressure energy

Kinetic energy

Potential energy

ὖ
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of energy!
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Bernoulli Equation
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Bernoulli Equation
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P1 P2

ὖ ”ὺ = ὖ ”ὺ

Conservation of energy

X

X

Conservation of mass

Kilograms per second going in  = kilograms per second going out

1

2
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Bernoulli Equation
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P1 P2

ὖ ”ὺ = ὖ ”ὺ

Conservation of energy

X

X

Conservation of mass
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2 Equations

2 Unknowns
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Bernoulli Equation
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Bernoulli Equation
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Assumption: incompressibility
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Bernoulli Equation
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Bernoulli Equation
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Bernoulli Equation
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Bernoulli Equation

27

P1 P2

ὖ ”ὺ = ὖ ”ὺ

Conservation of energy

X

X

Conservation of mass

1

2 ”ὺὃ ”ὺὃ ᴼ

”ὺὃ ”ὺὃ ᴼ

ὺ ὺ
”ὃ

”ὃ
ᴼ

ὺ ”
ςὖ ὖ

ὃ
ὃ

ρ

ὃ “
ί

ς

ὺͯ
ὖ 0

 ρ



Dr. Christos Bergeles - c.bergeles@ucl.ac.uk - University College LondonDr. Christos Bergeles - c.bergeles@ucl.ac.uk - University College London

Bernoulli Equation
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P1 P2
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Calibration!!!
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Respi : the smartphone spirometer


