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Sri Chandrasekharendra Saraswathi Viswa Mahavidyalaya
Department of Electronics and Communication Engineering
Syllabus for Full Time BE, Regulations 2018
(Applicable for students admitted from 2018-19 onwards
PRE-REQUISTIE:
Basic Knowledge in Electronic Devices and Circuits
OBJECTIVES:
 To learn the electrical and non-electrical physiological measurements
 To understand the function of bio amplifiers.
 To know the configuration of various electrodes
UNIT I BIO POTENTIAL ELECTRODES (9 Hrs)
Origin of bio potential and its propagation, Electrode-electrolyte interface, electrode–skin interface,
half cell potential, impedance, polarization effects of electrode – non polarisable electrodes. Types of
electrodes - surface, needle and micro electrodes and their equivalent circuits, Recording problems -
measurement with two electrodes
UNIT II ELECTRODE CONFIGURATIONS (9 Hrs)
Bio signals characteristics – frequency and amplitude ranges. ECG – Einthoven’s triangle, standard 12
lead system. EEG – 10-20 electrode system, unipolar, bipolar and average mode, EMG– unipolar and
bipolar mode
UNIT III BIO AMPLIFIER (9 Hrs)
Need for bio-amplifier - single ended bio-amplifier, differential bio-amplifier – right leg driven ECG
amplifier. Band pass filtering, isolation amplifiers – transformer and optical isolation - isolated DC
amplifier and AC carrier amplifier. Chopper amplifier, Power line interference
UNIT IV MEASUREMENT OF NON-ELECTRICAL PARAMETERS (9 Hrs)
= 30 + 2(T1,T2)= 32 classes)
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UNIT IV MEASUREMENT OF NON-ELECTRICAL PARAMETERS (9 Hrs)
Temperature, respiration rate and pulse rate measurements. Blood Pressure: indirect methods -
auscultatory method, oscillometric method, direct methods: electronic manometer, Pressure
amplifiers
- systolic, diastolic, mean detector circuit. Blood flow and cardiac output measurement:
Indicator
dilution, thermal dilution and dye dilution method, Electromagnetic and ultrasound blood flow
measurement.
UNIT V BIO-CHEMICAL MEASUREMENT (9 Hrs)
Biochemical sensors - pH, pO2 and pCO2, Ion selective Field effect Transistor (ISFET),
immunologically sensitive FET (IMFET), Blood glucose sensors - Blood gas analyzers, colorimeter,
flame photometer, spectrophotometer, blood cell counter, auto analyzer (simplified schematic
description).
OUTCOMES: Total: 45 Hrs
At the end of the course, the student should be able to:
 Perform electrical and non-electrical physiological measurements
 Explain the function of bio amplifiers.
TEXT BOOKS:
1. John G. Webster, “Medical Instrumentation Application and Design”, John Wiley and sons,
2004.
2. Khandpur R.S, “Handbook of Biomedical Instrumentation”, Tata McGraw-Hill, 2003.
REFERENCES:
1. Leslie Cromwell, “Biomedical Instrumentation and measurement”, PHI, 2007.
2. Myer Kutz, “Standard Handbook of Biomedical Engineering and Design”, McGrawHill,
2003.
Joseph J. Carr & John M. Brown, “Introduction to Biomedical Equipment Technology”, Pea UNIT
BIO-MEDICAL ELECTRONICS VII SEMESTER
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Points to ponder upon*

*What is the goal of  Biomedical systems?

To make diagnosis of a disease easy.
*What  are the commonly used biomed. Instruments in our home?
Thermometer,BP,/pulse-oximeters, gluco-Meter.

*What are advantages of modern bio medical electronics?
Ability to produce Reports understandable by patient as well as doctor, in the form
of X-Ray or CT Scan etc.
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below are few of the important landmarks in
the history of development of various medical
equipment:
1816 - Stethoscope invented
1851 - Ophthalmoscope invented
1895 - Use of X-rays in medical imaging
1896 - Sphygmomanometer (mercury based
blood pressure meter)
1901 - First Electrocardiograph (ECG or EKG)
Machine
1924 - First human electroencephalogram (EEG)
performed
1927 - First practical modern respirator (“iron
lung”) invented
1943 - First electron linear accelerator designed for

radiation therapy developed
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the important landmarks in
the history of development of various medical
equipment: (contd.)
1945 - First practical human haemodialysis machine developed
1953 - Heart/lung bypass machine first used in surgery on humans
1955 - Ultrasound first used on pregnant women
1958 - First cardiac pacemaker implanted.
1965 - First portable defibrillator installed
1972 - Computed axial tomography(CAT) scan for brain
1973 - First whole-body CAT scan
1975 - First positron emission tomography (PET) image
1977 - First whole-body magnetic resonance imaging (MRI) scanner.
First cochlear implant surgery
1982 - First permanent artificial heart implant
1985 - Implantable cardioverter defibrillator (ICD)
1987 - First laser surgery on a human cornea
2004 - 64-slice CT scanner
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Essential  biomed. Instruments at your
home.

• Thermo-meter
• Heart rate meter
• Oximeter
• Blood pressure meter
• Gluco- meter
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PEC5 BIO-MEDICAL ELECTRONICS VII SEMESTER
(Applicable for students admitted from 2018-19 onwards
PRE-REQUISTIE:
Basic Knowledge in Electronic Devices and Circuits
OBJECTIVES:
 To learn the electrical and non-electrical physiological measurements
 To understand the function of bio amplifiers.
 To know the configuration of various electrodes
UNIT I- BIO POTENTIAL ELECTRODES (9 Hrs)
Origin of bio potential and its propagation, Electrode-electrolyte interface, electrode–skin
interface,half cell potential, impedance, polarization effects of electrode – non polarisable
electrodes.
Types of electrodes - surface, needle and micro electrodes and their equivalent circuits,
Recording problems -measurement with two electrodes

Q1) Origin of bio potential and its propagation
1.1 What is the  relation of bio potential to the body/ organ status?

Q2)Explain the interface between a )Electrode-electrolyte
b )electrode–skin regions.

Q3) Explain the concept of half cell potential,  skin impedance, polarization effects of electrode – non
polarisable electrodes.
Q4) What are the various types of electrodes ?
Q5) Bio- electrodes & its electrical equivalents.
Q6) What is the function of electrode jelly in bio-signal recording?
Q7) What the various types of pasteless electrodes used for bio-signal recording
Q8) Where do we use microelectrodes? What are the types of microelectrodes
Q9)what are the recording problems in  bio-med.instruments?
Q10) mention the need for eq. circuits in biomed.instrument design.

Q1) Origin of bio potential and its propagation
1.1 What is the  relation of bio potential to the body/ organ status?

Q2)Explain the interface between a )Electrode-electrolyte
b )electrode–skin regions.

Q3) Explain the concept of half cell potential,  skin impedance, polarization effects of electrode – non
polarisable electrodes.
Q4) What are the various types of electrodes ?
Q5) Bio- electrodes & its electrical equivalents.
Q6) What is the function of electrode jelly in bio-signal recording?
Q7) What the various types of pasteless electrodes used for bio-signal recording
Q8) Where do we use microelectrodes? What are the types of microelectrodes
Q9)what are the recording problems in  bio-med.instruments?
Q10) mention the need for eq. circuits in biomed.instrument design.



Q1.1)Human body is made of massive Parallel & series Cellular
network ,that aids in generation & transmission/reception of
voltages.

Bio potential reveals the current status of the organ you are
probing.

Q8.1 What is the size of human cell?100 microns
Q8.2  What is the typical tip size of a Micro- electrode?

0.5 to 5microns
Q9)To reduce errors and improve accuracy.
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An equation relating the potential across the membrane and
the two concentrations
of the ion is called the Nernst equation and can be stated as
follows:
follows:

where R = gas constant (8.315 x 10' ergs/mole/degree Kelvin)
T = absolute temperature, degrees Kelvin
n = valence of the ion (the number of electrons added or
removed to ionize the atom)
F = Faraday constant (96,500 coulombs)
C1,C2 = two concentrations of the ion on the two sides of the
membrane
f1f2 = respective activity coefficients of the ion on the two
sides of
the membrane
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Q1) Origin of bio potential and its propagation
The distribution of positively charged ions on the outer surface and negatively charged ions
inside the cell membrane results in the difference of potential across it and the cell becomes,in
effect, a tiny biological battery. Experiments have shown that the internal resting potential
within a cell is approximately –90 mV with reference to the outside of the cell.
The wave of excitation while propagating in the muscle causes its contraction. The contraction
wave always follows the excitation wave because of its lower velocity. This phenomenon is
found with the skeletal muscles, the heart muscle and the smooth muscles. In its turn, every
contraction (movement) of a muscle results in the production of an electric voltage

Q1) Origin of bio potential

The association of electricity with medical science dates back to the 18th century when Galvani
demonstrated that most of the physiological processes were accompanied with electrical changes.This
discovery formed the basis of the explanation of the action of living tissues in terms of  bioelectric potentials.
It is now well established that the human body, which is composed of living tissues, can be considered as a
power station generating multiple electrical signals with
two internal sources, namely muscles and nerves.

Bioelectric potentials are generated at a cellular level and the source of these potentials is
ionic in nature. A cell consists of an ionic conductor separated from the outside environment
by a semipermeable membrane which acts as a selective ionic filter to the ions. This means that
some ions can pass through the membrane freely whereas others cannot do so.

The principal ions involved with the phenomena of
producing cell potentials are sodium (Na+), potassium (K+) and chloride (Cl–). The membrane of
excitable cells readily permits the entry of K+ and Cl– but impedes the flow of Na+ even though
there may be a very high concentration gradient of sodium across the cell membrane.
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Q2)Explain the interface between a )Electrode-electrolyte
b )electrode–skin regions.

Table 2.3 Potential between Electrodes in Electrolytes (Geddes and
Baker, 1975)

Electrode metal                                   Electrolyte                            Potential
difference
between electrodes
Stainless steel                                       Saline                                        10 mV
Silver                                                      Saline                                         94 mV
Silver-silver chloride                            Saline                                         2.5 mV
Silver-silver chloride(11 mm disc)    ECG paste                                  0.47 mV
Silver-silver chloride (sponge)           ECG paste                                 0.2mV
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Q3) electrode–skin interface,half cell potential, impedance, polarization effects of electrode
– non polarisable electrodes.
The impedance at the electrode-skin junction comes in the overall
circuitry of the recording machine and, therefore, has significant effect on the final record.
Skinelectrode impedance is known as the contact impedance and is of a value much greater
than the electrical impedance of the body tissue as measured beneath the skin. The outer
horny layer of the skin is responsible for the bulk of the skin contact impedance and,
therefore, a careful skin preparation is essential in order to obtain best results.

Principle of skin impedance measurement.The three electrodes, A, B and C, have contact
impedance respectively of Za, Zb and Zc. An
oscillator provides a constant current in the frequency range of 0.1–100 Hz through the 47 kW
series resistor. By suitably positioning the switch, a sensitive oscilloscope can be used to monitor
either the voltage dropped across the 1 kW resistor or the voltage dropped across Zb. The voltage
drop across Zb can be neglected since the input impedance of the oscilloscope used with an input
probe is usually high. From the voltage dropped across the 1 kW resistor it is possible to calculate
the circuit current and thus to obtain a value for Zc. Using this technique, the skin contact
impedance of the following types of electrodes were measured by Hill and Khandpur (1969).

– non polarisable electrodes.
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Q3) Contd.
Non-polarizing electrodes on the other hand, are designed to rapidly dissipate any charge
imbalance induced by powerful electrical discharges such as a defibrillation procedure. Rapid
depolarization enables the immediate reappearance of bioelectric signals on the monitor after
defibrillation. For this reason, non-polarizing electrodes have become the electrodes of choice
for monitoring in the intensive care units and stress testing procedures. Historically, these electrodes
employ a conducting metal with a silver/silver-chloride (Ag/AgCl) surface in contact
with the conducting gel.

half-cell potential
the metal electrolyte interface
appears to consist of a voltage source in series with a parallel combination of a
capacitance and reaction resistance. The voltage developed is called the half-cell
potential.

To a first-order approximation, the half-cell potential is equal to the electrode
potentialof the metal, if the electrodes were used in a chemical measuring application.
All electrodepotentials are measured with respect to a reference electrode, usually that
of hydrogen absorbed on platinum black. This is an inconvenient electrode to make and,
therefore, other alternative electrodes which may have fairly stable and repeatable
potential (e.g. calomel electrode) are employed. Electrode potentials of some of the
commonly used metals in the electrochemical series with respect to hydrogen are given
in Table 2.2.
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Polarization(probe /electrode -selection)
If a low voltage is applied to two electrodes placed in a solution, the electrical double layers
are disturbed. Depending on the metals constituting the electrodes, a steady flow of current
may or may not take place. In some metal/liquid interfaces, the electrical double layer gets
temporarily disturbed by the externally applied voltage, and therefore, a very small
currentflows after the first surge, thus indicating a high resistance. This type of electrode will
not
permit the measurement of steady or slowly varying potentials in the tissues. They are said to,
be polarized or nonreversible. Thus, the phenomenon of polarization affects the electro-
chemical double layer on the electrode surface and manifests itself in changing the value of
the impedance and voltage source representing the transition layer.
Parsons (1964) stated that electrodes in
which no net transfer of charge takes place across the metal-electrolyte interface can be
termed as perfectly polarized.
Those in which unhindered exchange of charge is possible are called
non-polarizable or reversible electrodes

Q4) What are the various types of electrodes ?
BIOPOTENTIAL ELECTRODES

A wide variety of electrodes can be used to measure bioelectric events,
but nearly all can be classified as belonging to one of three basic types:
1 . Microelectrodes: Electrodes used to measure bioelectric potentials
near or within a single cell.

2. Skin surface electrodes: Electrodes used to measure ECG,
EEG, and EMG potentials from the surface of the skin.

3. Needle electrodes: Electrodes used to penetrate the skin to
record EEG potentials from a local region of the brain or EMG
potentials from a specific group of muscles.
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Q5) Bio- electrodes & its electrical equivalents.





Q6) What is the function of electrode jelly in bio-
signal recording?
Ideally, gels should possess the following properties:
-* Adequate moisture in   the  Gel during shelf life.
-*Prevent micro-organism  & mould growth .

-* Provide low electolyte-skin
impedance
-*No skin infection.



Q7) What the various types of pasteless electrodes used for bio-signal recording
Capacitive Electrodes: A metal plate electrode in direct contact with the skin though makes a very high
resistive contact and has a considerable capacitive contact too with the skin (Stevens,  1963). By using a very
high input impedance amplifier, it is possible to record a signal through the tissue electrode capacitance.
Lopez and Richardson (1969) describe the construction of electrodes
which can be capacitively coupled to the

The electrode consists of an aluminium plate
which is anodized on the surface to be placed in contact with the skin. The ohmic resistance of the
anodized electrode is about 1 to 30 GW (1000–30,000 MW). Two such electrodes are applied to the
subject without any preparation of the skin and the output of the source followers is connected
to a conventional electrocardiograph. Wolfson and Neuman (1969) also designed a capacitively
coupling electrode and used a high input impedance amplifier having a MOSFET in the input
stage arranged in a source-follower configuration. The capacitances encountered in such type
of electrodes range from about 5000 to 20,000 pf/cm2 of the electrode area (Geddes, 1972).

Q8) Where do we use microelectrodes?
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The electrode consists of an aluminium plate
which is anodized on the surface to be placed in contact with the skin. The ohmic resistance of the
anodized electrode is about 1 to 30 GW (1000–30,000 MW). Two such electrodes are applied to the
subject without any preparation of the skin and the output of the source followers is connected
to a conventional electrocardiograph. Wolfson and Neuman (1969) also designed a capacitively
coupling electrode and used a high input impedance amplifier having a MOSFET in the input
stage arranged in a source-follower configuration. The capacitances encountered in such type
of electrodes range from about 5000 to 20,000 pf/cm2 of the electrode area (Geddes, 1972).

Q8) Where do we use microelectrodes?

microelectrodes have tip dimensions ranging from 0.5 to 5 microns. The tips of these electrodes have to
be sufficiently strong to be introduced through layers
of tissues without breaking. To study the electrical activity of individual cells, microelectrodes are
employed. This type of electrode is small enough with respect to the size of the cell in which it is inserted
so that penetration  by the electrode does not damage the cell. The size of an intracellular microelectrode
is dictated by the size of the cell and the ability of its enveloping membrane to tolerate penetration by the
microelectrode tip. Single-living cells are rarely larger than 0.1mm (100 microns) and are usually
less than one-tenth of this size. Typical micro electrodes have
tip dimensions ranging from 0.5 to 5 microns. The tips of these electrodes have to be
sufficiently strong to be introduced through layers of tissues without breaking.



Recording    problems







Q9)Recording problems in electrodes& the solutions.

• All parts  of the electrode must be of same potential

• Dissimilar metals must be avoided interconnections/ joints.

• While using more than one electrode , same
Material has  to be used for all electrodes.
(for     avoiding errors)

• No tension in leadwires

• Amplifiers near the electrode must have higher input impedance than
source impedance.

Q9)Recording problems in electrodes& the solutions.

• All parts  of the electrode must be of same potential

• Dissimilar metals must be avoided interconnections/ joints.

• While using more than one electrode , same
Material has  to be used for all electrodes.
(for     avoiding errors)

• No tension in leadwires

• Amplifiers near the electrode must have higher input impedance than
source impedance.



UNIT I- BIO POTENTIAL ELECTRODES( MODEL QUESTIONS)

1. Describe the origin of bioelectric signals. Draw a typical cell potential waveform, label it properly
and explain the phenomena of depolarization and repolarization.
2. Explain the origin of electrical activity of the heart with the help of a diagram. Draw a typical ECG
waveform and label it.
3. Draw a typical Electroencephalogram (EEG) waveform. Give frequency range of various bands
for purpose of EEG analysis. What is an evoked potential?
4. Illustrate with the help of a diagram the origin of electromyogram signal and give its characteristic
values in terms of amplitude and frequency.
5. Draw the diagram for electrode-tissue interface for surface electrodes used with electrode jelly.
Explain metal-electrolyte and electrolyte skin interface.
6. Define contact potential. What are the factors on which contact potential depends? How we can
reduce the contact potential?
7. Explain the ‘polarization’ phenomenon as applicable to bio-electric electrodes. Give example of a
non-polarizing electrode used for ECG recording.
8. What is skin-contact impedance and what is its significance? Draw a diagram showing general
relationship between skin-contact impedance and signal frequency.
9. Define motion artefact and explain its origin. What is the common method for reducing motion
artefact?
10. Why are silver-silver chloride electrodes preferred for bioelectric signal recordings?
11. What are the various types of electrodes used for recording of ECG signal? Give a brief description
of at least 3 types of electrodes.
12. Describe the construction of pre-gelled disposable electrodes. Why they are preferred for long term
recording of bioelectric signals?
13. What the various types of pasteless electrodes used for bio-signal recording? What are their limitations
and advantages?
14. What is difference between ECG, EEG and EMG electrodes in terms of skin contact impedance?
15. What is the function of electrode jelly in bio-signal recording? Draw a graph showing variation of
contact impedance with electrolyte concentration in jelly and time.
16. Where do we use microelectrodes? What are the types of microelectrodes? Desc
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13. What the various types of pasteless electrodes used for bio-signal recording? What are their limitations
and advantages?
14. What is difference between ECG, EEG and EMG electrodes in terms of skin contact impedance?
15. What is the function of electrode jelly in bio-signal recording? Draw a graph showing variation of
contact impedance with electrolyte concentration in jelly and time.
16. Where do we use microelectrodes? What are the types of microelectrodes? Desc



UNIT II ELECTRODE CONFIGURATIONS (9 Hrs)
Bio signals characteristics – frequency and amplitude ranges.
ECG – Einthoven’s triangle, standard 12lead system.
EEG – 10-20 electrode system, unipolar, bipolar and average mode,
EMG– unipolar and bipolar mode

Q0)Draw the Configuration of electrodes used for ECG
Q0)Draw the Configuration of electrodes used for EEG
Q0)Draw the Configuration of electrodes used for EMG.
Q0a)What is  the importance of electrodes in ecg/eeg
measurement?
Q1) Mention the amplitude,freq. range of ECG,EEG,EMG signals.

Q2) Explain unipolar and bipolar leads with reference to ECG system.

Q3)Explain ECG with block diagram.
Q4)Explain EEG with block diagram.
Q5)Explain EMG with block diagram.
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Q4)Explain EEG with block diagram.
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Bio signals characteristics

1)Which is the  most important bio electric signal?
2)Which bio electric signal  has higher range of freq.s?
3)What is the normal heart rate range?  60-80 bps.
4)What is arrhythmia?
Slower heart rate is called bradycardia (slow heart) and a higher rate, tachycardia (fast
heart). He would then see if the cycles are evenly spaced. If  not, an arrhythmia
irregular-heart beat.
5]Differentiate between electrical & Anatomical axis.
6)What is the meaning of  Lead in an ECG instrument?
7) How many Lead configurations are there in an  ECG instrument?
8)What is the advantage of unipolar over bipolar  lead system?
9)What are the 5 freq. bands in an EEG signal?Explain them.
10)Draw the ECG,EEG,EMG signals  marking important activitiies.
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Bio signal characteristics









A Typical ECG Signal





The electrocardiogram (ECG or EKG) is a graphic recording or display of the time-variant voltages produced by the
myocardium during the
cardiac cycle. Figure shows the basic waveform of the normal electrocardiogram. The P, QRS, and T waves reflect
the rhythmic electrical  depolarization and repolarization of the myocardium associated with the
contractions of the atria and ventricles. The electrocardiogram is used clinically in diagnosing various diseases and
conditions associated with the
heart. It also serves as a timing reference for other measurements.serves as a timing reference for other
measurements.
parameters are as follows:

Amplitude: P wave 0.25 mV
R wave 1.60 mV
Q wave 25<Vo of R wave
T wave 0.1 to 0.5 mV
Duration: P-R interval 0.12 to 0.20 sec
Q-T interval 0.35 to 0.44 sec
S-T segment 0.05 to 0.15 sec
P wave interval 0.11 sec
QRS interval 0.09 sec
For his diagnosis, a cardiologist would typically look first at the heart rate. The normal value lies in the range of 60 to 100 beats per minute. A
slower rate than this is called bradycardia (slow heart) and a higher rate, tachycardia (fast heart). He would then see if the cycles are evenly spaced. If
not, an arrhythmia may be indicated. If the P-R interval is greater than 0.2 second, it can suggest blockage of the AV node. If one or more of the basic
features of the ECG should be missing, a heart block of some sort might be somewhere.
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slower rate than this is called bradycardia (slow heart) and a higher rate, tachycardia (fast heart). He would then see if the cycles are evenly spaced. If
not, an arrhythmia may be indicated. If the P-R interval is greater than 0.2 second, it can suggest blockage of the AV node. If one or more of the basic
features of the ECG should be missing, a heart block of some sort might be somewhere.



Anatomical axis is centered along spinal a
Chord with 3 axes of rotation.

The electrical axis (which parallels the anatomical axis) is defined as the one
along which the greatest electromotive force is developed at a given instant
during the cardiac cycle. The electrical axis shifts continually through a repeatable pattern during
every cardiac cycle.

Under pathological conditions, several changes may occur in the ECG. These include (1) altered paths of
excitation in the heart, (2) changed origin of waves (ectopic beats), (3) altered relationships (sequences) of
features, (4) changed   magnitudes of one or more features, and (5) differing
durations of waves or intervals.
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*For his diagnosis, a cardiologist would typically look first at the heart rate. The normal value lies in
the range of 60 to 100 beats per minute. A
slower rate than this is called bradycardia (slow heart) and a higher rate, tachycardia (fast heart). He
would then see if the cycles are evenly spaced. If  not, an arrhythmia may be indicated. If the P-R
interval is greater than 0.2 second, it can suggest blockage of the AV node. If one or more of the basic
features of the ECG should be missing, a heart block of some sort might be
Indicated.

The early electrocardiograph machines thus employed
three electrodes, of which only two were used at one time. With the introduction of the electronic
amplifier, an additional connection to the body was needed as a ground reference.
The three bipolar limb lead selections first introduced
by Einthoven, shown in the top row of the figure, are as follows:
Lead I: Left Arm (LA) and Right Arm (RA)
Lead II: Left Leg (LL) and Right Arm (RA)
Lead III: Left Leg (LL) and Left Arm (LA)
These three leads are called bipolar because for each lead the electrocardiogram
is recorded from two electrodes and the third electrode is not connected
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ECG-12-lead system



To avoid this ambiguity,
the term lead will be used only to indicate a particular group of electrodes and the way in which they are connected to the
amplifier. For the individual lead wire, as well as the physical connection to the body of the patient, the term electrode will
be used. The reader,
however, should be aware of the double meaning that the term **lead'' can have in normal usage.
The voltage generated by the pumping action of the heart is actually a vector whose magnitude, as well as
spatial orientation, changes with time.
Because the ECG signal is measured from electrodes applied to the surface of the body, the waveform of
this signal is very  much dependent on the placement of the electrodes.
Figure 6.1 shows a typical ECG waveform. Some of the segments of this trace may, however, almost
disappear for certain electrode placements, whereas others may show up clearly on the recording.
For this reason, in a normal electrocardiographic examination, the electrocardiogram is recorded from a
number of different leads, usually 12, to ensure that no important detail of the waveform is missed.
Placement of electrodes and names and configurations of the leads have become standardized and
are used the same way throughout the world.

The early electrocadiograph machines thus employed
three electrodes, of which only two were used at one time.
With the introduction of the electronic amplifier, an
additional connection to the body was needed as a ground reference.

Although an electrode could have been positioned almost anywhere on the body for
this purpose, it became a convention to use the **free'' right leg.
Chest or precordial electrodes were introduced later.
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this signal is very  much dependent on the placement of the electrodes.
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are used the same way throughout the world.



Bipolar Leads: In bipolar leads, ECG is recorded by using two electrodes such
that the final trace corresponds to the difference of electrical potentials existing
between them.



Two types of unipolar leads are employed which are: (i) limb leads,
and (ii) precordial leads.
(i) Limb leads In unipolar limb leads [Fig. 5.4(b)], two of the limb leads
are tied togetherand recorded with respect to the third limb. In the
lead identified as AVR, the right arm is recorded with respect to a
reference established by joining the left arm and left legelectrodes. In
the AVL lead, the left arm is recorded with respect to the common
junction of the right arm and left leg. In the AVF lead, the left leg is
recorded with respect to the
two arm electrodes tied together.

In standard lead I, the electrodes are placed on the right and the left arm
(RA and LA). In lead II, the electrodes are placed on the right arm and the
left leg and in lead Ill, they are placed on the left arm and the left leg. In all
lead connections, the difference of potential measured
between two electrodes is always with reference to a third point on the
body. This reference point is conventionally taken as the “right leg”. The
records are, therefore, made by using three electrodes at a time, the
right leg connection being always present.

























UNIT III BIO AMPLIFIER (9 Hrs)
Need for bio-amplifier - single ended bio-amplifier,
differential bio-amplifier – right leg driven ECG
amplifier. Band pass filtering, isolation amplifiers –
transformer and optical isolation - isolated DC
amplifier an AC carrier amplifier. Chopper amplifier,
Power line interference

Q1) Explain Need for bio-amplifier –
Q2)Mention the draw backs of  single ended traditional   bio-amplifier.-
poor noise resistance
Q3)Explain the advantages of differential bio-amplifier.

Q4) Mention the properties of isolation amplifiers. –
Q5) Mention the types of isolation amplifiers.  transformer and optical
isolation –
Q6) Mention the properties of AC carrier amplifier
Q7) Mention the properties of Chopper amplifier,
Q8)Explain the  Power line interference and its effects
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Bio-Signal Amplification: The signals available from the transducers are often very small in
magnitude. Amplifiers boost the level of the input signal to match the requirements of the
recording/ display system or to match the range of the analog-to-digital convertor, thus
increasing the resolution and sensitivity of the measurement.

Bioelectric measurements are basically low-level measurements, which
involve amplifying and recording of signals often at microvolt levels. The problem of
electrical noise makes these measurements a difficult proposition and calls for both expert
technical knowledge and skillful handling of the signal in the circuit design

Using signal conditioners located closer to the signal source, or transducer, improves
the signal-to-noise ratio of the measurement by boosting the signal level before it is
affected by the environmental noise

Q3)the use of differential amplifiers.
. Its excellence lies in its ability to reject common-mode interference signals which
are
invariably picked up by electrodes from the body along with the useful bioelectric signals.
Also, as a direct coupled amplifier, it has good  stability and versatility

. High stability is achieved because it can be insensitive to temperature  changes which
are often the source of excessive drift in other configurations.

Useful in applications requiring floating inputs and  outputs or for applications
where grounded inputs and/or outputs are desirable.



Carrier amplifiers
are used with transducers which require an external source of excitation.They are
characterized by high gain, negligible drift, extremely low noise and
the ability to operate with resistive, inductive or capacitive type
transducers. They essentially contain a carrier oscillator, a bridge balance and
calibration circuit, a high gain ac amplifier, a phasesensitivedetector and a dc output
amplifier.

Chopper input dc amplifiers are preferred for low level inputs to instrumentation
systemsbecause of their high sensitivity, negligible drift and excellent
common mode rejection capability.Their high frequency response is limited to
about one half of the input chopper frequency.

Chopper-stabilized dc amplifiers are used for low level but preferably wideband
applications such as oscilloscopes, tape recorders and light beam oscilloscope
recorders. These are complex amplifiers having three amplifiers
incorporated in the module. This includes an ac amplifier for signals above
about 20 Hz, a dc chopper input amplifier for signals from about 20 Hz down to dc plus
a wideband feedback stabilized dc amplifier.
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Isolation amplifiers
are commonly used for providing protection against leakage currents in biomedical
recorders such as ECG machine. They break the ohmic continuity of electric signals
between the input and output of the amplifier. The isolation includes different supply
voltage sources and different grounds on each side of the isolation barrier. Three
methods are used in the design of isolation amplifiers: (i) transformer isolation (ii)
optical isolation (iii) capacitive isolation.

Power line interference
The distributed capacitance between the signal conductors and from the signal conductors to
the ground provides a low impedance ac path, resulting in signal contamination from
external sources like power lines and transformers.

Similarly, the alternating magnetic flux from the
adjacent power line wires induces a voltage in the signal loop which is proportional to the
rate of change of the disturbing current, the magnitude of the disturbing current and the areas
enclosed by the signal loop. It is inversely proportional to the distance from the disturbing wire
to the signal circuit. Unequal distances of the two signal carrying conductors from the disturbing
current wire result in unequal mutual inductances, which cause the magnetic field to produce
a noise voltage across the amplifier input terminals.
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A Differential Amplifier













Power line Interference





UNIT IV MEASUREMENT OF NON-ELECTRICAL PARAMETERS (9 Hrs)
Temperature, respiration rate and pulse rate measurements.
Blood Pressure: indirect methods -
auscultatory method, oscillometric method, direct methods: electronic
manometer, Pressure amplifiers ,systolic, diastolic, mean detector circuit.
-Blood flow and cardiac output measurement: Indicator
dilution, thermal dilution and dye dilution method, Electromagnetic and
ultrasound blood flow
measurement.





Temperature measurement-
The most popular method of measuring temperature is by using a mercury-in-glass
thermometer.However, they are slow, difficult to read and susceptible to
contamination.
In many of the circumstances of lowered body temperature, continuous or
frequentsampling of temperature is desirable, as in the operating theatre, post-operative
recovery room and intensive care unit, and during forced diuresis, massive blood
transfusion, and accidental
hypothermia.
The continuous reading facility of electronic thermometers obviously
lends itself  to  accurate in practice than mercury-in-glass thermometers for medical
applications. They mostly use probes incorporating a thermistor or thermocouple sensor
which have rapid response characteristics. The probes are generally reusable and their
covers are disposable.

Small thermistor probes may be used for oesophageal, rectal,
intramuscular and intravenous measurements and in cardiac catheters.
Thermocouples are normally used for measurement of surface skin temperature, but
rectal thermocouple probes are also available.
Resistance thermometers are usually used for rectal and body temperature
measurement. The resistance thermometer and thermistor measure absolute temperature,
whereas thermocouples generally measure relative temperature.
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6.9.1 Displacement Method
The respiratory cycle is accompanied by changes in the thoracic volume. These changes can
be sensed by means of a displacement transducer incorporating a strain gauge or a variable
resistance element. The transducer is held by an elastic band, which goes around the chest. The
respiratory movements result in resistance changes of the strain gauge element connected as
one arm of a Wheatstone bridge circuit. Bridge output varies with chest expansion and yields
signals corresponding to respiratory activity.
Changes in the chest circumference can also be detected by a rubber tube filled with mercury.
The tube is fastened firmly around the chest. With the expansion of the chest during an
inspiratory phase, the rubber tube increases in length and thus the resistance of the mercury
from one end of through it and by measuring the changes in voltage developed with the
respiratory cycle.
6.9.2 Thermistor Method
Since air is warmed during its passage through the lungs and the respiratory tract, there is
a detectable difference of temperature between inspired and expired air. This difference of
temperature can be best sensed by using a thermistor placed in front of the nostrils by means
of a suitable holding device. In case the difference in temperature of the outside air and that of
the expired air is small, the thermistor can even be initially heated to an appropriate
temperature and the variation of its resistance in synchronism with the respiration rate, as a
result of the cooling effect of the air stream, can be detected. This can be achieved with
thermistor dissipations of about 5 to 25 mW. Excessive thermistor heating may cause
discomfort to the subject. The thermistor is placed as part of a voltage dividing circuit or in a
bridge circuit whose unbalance signal can be amplified to obtain the respiratory activity. The
method is simple and works well except in the
case of some patients who object to having anything attached to their nose or face. This
method is
found to satisfy the majority of clinical needs including for operative and post-operative
subjects.
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UNIT V BIO-CHEMICAL MEASUREMENT (9 Hrs)
Biochemical sensors - pH, pO2 and pCO2, Ion selective Field effect Transistor (ISFET),
immunologically sensitive FET (IMFET), Blood glucose sensors - Blood gas analyzers,
colorimeter, flame photometer, spectrophotometer
,
blood cell counter, auto analyzer (simplified schematic
description).
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Oppurtunities in India – CSIRLabs,  DRDO
labs, Systronics  etc.

Global openings-
Siemens,Johnson&Jhonson etc.
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