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Abstract 

Context: In this project we aimed to investigate the ECG-measurement which is used 

to monitoring the heart activity in order to discover heart problems based on the beats 

and rhythms. Therefore this old technology is very popular at clinics. 

Objective: The purpose of this research was to find out how it is possible to maximize 

the accuracy of ECG-measurement by applying a differential amplifier. In fact there 

is a vast area to do research for this topic since it is related to human`s health 

improvement and will never be old or out of value. 

Methods: We started our work with literature review from relevant references in 

order to gather information about Electrocardiography, ECG, and how the function 

of the human heart results in electrical signals Later on we performed an experiment 

which was done in BTH. In the experiment we created an ECG measurement circuit, 

containing two OP-amplifier circuits connected as a differential amplifier with high 

gain.. This circuit was connected to a human body with special electrodes and the 

output connected to an oscilloscope. In order to record heart activity, electrodes 

coming from different parts of the body including the chest, wrists and ankles were 

connected to the inputs of the ECG measurement circuit. The signals obtained from 

the body are very weak to register, therefore a differential amplifier is appropriate to 

amplify them, and to reduce interference and noise. In our case the amplification of 

the ECG measurement circuit was calculated to be around 120 times, which was 

enough to give clear pictures on the oscilloscope. 

Results: Finally we could see the results of the ECG- measurement on the 

oscilloscope monitor which was corresponding to our heartbeats. It was easily visible 

that how amplifiers can effect on the measurement by comparing the results before 

and after reduction of interference and noise. Very important here was how well the 

circuit was grounded. If the circuit was grounded in a good way, this resulted in less 

interference and noise. 
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Introduction 

In this project we have investigated the improvement of Electrocardiography (ECG) 

measurement by using amplifiers. In this paper you will find general information 

about ECG measurement, ECG circuit design and functionality of amplifiers. As the 

main purpose, we can say that we expected to find out how to amplifying weak 

signals in order to increase the accuracy of this measurement.  

 

1. Background 

 

2.1 ECG – history 

Earlier in the 1700s, researchers accepted that the heart works by using electrical 

impulses. Peter Christian Abildgaard was a Danish doctor who researched into how 

electricity affects the animals and also discovered that using an electric shock might 

both stop the heart and start it again [1]. 

 

After half of the 1800s it was possible to diagnose various types of heart disorders 

pulse by pulse registration. But when for the first time a string galvanometer (moving 

coil meter) was constructed by the Dutch physician and researcher Willem 

Einthoven, it could be used to study the heart rate phases, heartbeats and its deviation 

[1]. 

 

ECG measures heart's electrical activity recorded by electrodes placed on the body 

surface. ECG is used to detect heart disease and arrhythmia [3]. Since the voltages 

from the body surface is 1-2 millivolts it requires amplification to get a better 

illustration and recording of the signals. 

ECG - devices used today have a built-in signal amplification system, but before it 

was used saline (current leading solution) in tubs to put down in it patient's body 

parts like legs and arms for better conductivity or get stronger signal from the skin 
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surface to the filament. Saltwater leading solution containing ions. Salt dissolves the 

sodium ions and chloride ions. These ions conduct electricity [1]. 

         

  

Photograph of a complete electrocardiograph, showing the manner in which the electrodes 

are attached to the patient, in this case hand and one foot being immersed in jars of salt 

solution. Figure 1 [wikipedia]  

 

2.2 ECG in Sweden 

In Sweden the first ECG recording was made for the first time in 1906 in Uppsala. 

After 2 years the method was applied in Stockholm and Lund. At that time when you 

recorded signals they used telephone lines between the patient bed and the 

laboratory, and really big ECG equipment. When the Swedish inventor, Rune 

Almqvist developed portable and small ECG devices with a tube amplifier in 1931, 

it was a big change [1].  
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ECG can be performed by placing electrodes on the parts of the body that produce 

electrical activity that is chest, wrists and ankles. The electrodes are connected to the 

electrocardiograph and the signals are recorded on the screen of a computer. The 

result can also be printed out on paper or reproduced on an oscilloscope, which are 

used in intensive care [1]. 

For a successful outcome of the ECG analysis ECG electrodes places on the points 

that give rise to a good electrical activity and a specific schedule. These electrodes 

are composed of twelve pieces of which six are coming from the chest [1]. 

 

2.3 ECG – graph can demonstrate diseases 

In the text below refer to Figure 2 on suitable places 

In the ECG curve there are different intervals with different names, each interval 

represents a certain type of heart diseases. Willem Einthoven termed intervals P, Q, 

R, S, T, using of ECG illustration also describe other variations of cardiovascular 

diseases. If it shows differences in P-wave it can mean atrial fibrillation (heart rhythm 

disorder). If the ST distance is high, it shows heart attack and when the QT interval 

is too long it means syndrome called QT syndrome which leads to severe arrhythmia, 

ventricular fibrillation (an acute and rapid type of arrhythmias cardiac like arrest)[1]. 

In the human body there are substances called electrolytes which can conduct current 

in the body, for example potassium, chloride, sodium and magnesium. Electrolytes 

are electrically conductive, because they have free moving ions [1].  

The first time when the ECG was recorded on humans was in 1887 by Englishman 

Waller [4]. Willem Einthoven was born in May 1860 in Indonesia and passed away 

in September 1927. His father was doctor and died when Willem was six years old 

[2]. 

He won medicine Nobel Prize in 1924 and also was a member of the Royal Swedish 

Academy of Sciences [2].  

Willem Einthoven went to medical school in Utrecht and received his doctor's degree 

in 1885. The following year he was made a professor in Leiden, where he worked 

for the rest of his life. Willem Einthoven married in 1886 and had four children [2].  
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He had a medical degree from the University of Utrecht and he started his career as 

an assistant to a famous eye doctor at the famous eye-clinic. He shifted to the 

University of Leiden as Professor of Physiology and was there until his death. In last 

of the 1800 century he worked on a new project and made him famous. At  that time 

he was asked to register the heart sound of human being but the tool was not 

adequate, but after some years hard work he devised his own string galvanometer, 

which could measure the heartbeats and record them graphically. It was the first 

practical electrocardiogram, which later became an essential tool for doctors dealing 

with varied types of heart diseases [2]. 

ECG is a common and important cardiac assessment systems in health care, although 

there have been variations of informative and good research methods for the 

diagnosis of heart diseases in last decades [4]. 

By ECG - tests you get vital information about your health while the survey is 

painless, fast and easy. ECG measurement procedure is so easy for healthcare 

professionals in different educational level, but interpretation of the ECG requires 

deep training and practice [4]. 

Today there are devices with built-in computer which have a program that prints the 

interpretation proposed ECG examination. Therefore ECG measurement is not an 

abbreviated term, but also includes signal printing and abstractions that accept the 

actual procedure [4]. ECG may also be interpreted by nurses and biomedical 

scientists, but the responsibility of that interpretation and analysis is right and proper 

clinical situated under the physician responsibilities at the survey or investigation 

time. In the current situation, the number of hours for the interpretation of ECG, is 

decreased in medical schools, this requires great literature studying, researches, 

practice and interpret by own self during the clinical work [4]. 

 

2.4 The heart's basic electrophysiology 

There is a relationship between myocardial (heart muscles) electrical activity and its 

function to pump blood. The electrical activity allows currents occur and spread out 

around tissues and skin. When the potential field is formed, potential difference is 

counted between various selected points, the most is measured on the body surface. 

This procedure performs with an ECG device and it is called (electro-Cardiography) 
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[4]. Cardiac conduction system is the only electrophysiological connection between 

atrial and ventricular. Both ventricular and atrial muscles are mutually very similar 

in structure and function, but unlike skeletal muscles. There are many similarities 

between them, but the most important functional differences are the 

electrophysiological activity [4]. As other body cells, cardiac muscle are depolarizing 

and that means a potential difference or voltage between the cells inside and outside 

[4]. 

 

2.5 A useful method - 12 lead – ECG 

Although there have always been variations of ECG lead system, the 12 lead system 

is the most useful method in health care [5]. 

Early in the 1900s the Dutch Willem Einthoven introduced components which were 

used back in the time and today in the 12 lead system [5]. He introduced leads that 

measured potential difference between the arms (Lead I), between the left leg and 

the right arm (lead II), and between the left leg and the left arm (lead III). The patients 

had to put down their arms and legs in a container of saline solution that was linked 

in pairs with a galvanometer. This can prove that II become the sum of I and III. The 

method is called Einthovens law that means the amplitude can be calculated in one 

of the lead in any moment of time if you know the amplitude of the other two leads 

[5].  

Frank Wilson was an American cardiologist who declared in the 1930s the term 

Central Terminal WCT (Wilson central terminal). Which means a virtual reference 

point is formed by connecting electrodes to the arms and legs. Then you could 

measure the potential differences between the individual electrodes and the reference 

[5]. One example is to attach electrodes on the chest serving as Explorer electrodes 

against the WCT that you can see in the figure 1[5].  
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Lead system of ECG that is called Wilson central terminal (WCT), which means a virtual 

reference point is formed by connecting electrodes to the arms and legs [5] 

Figure 2 [17] 

 

 

2.6 Anatomy and physiology 

The heart behind Sternum shifted to the left, rests on the diaphragm and is about the 

size of a fist. The sternum (Latin) is also called breastbone it is long flat bone shaped 

like a necktie placed on the chest and protecting the lungs and heart. The heart works 

like two parallel pumps, the left hand is to keep the oxygenated blood coming from 

the pulmonary veins past the left atrium, the mitral valve (mitral valve) via the left 

ventricle and then out through the aortic valve to the aorta and out into the systemic 

circulation [6]. 

 

The heart has about the same size of a fist and is divided into two parts, one composed 

of an atrium and the other by a ventricle. Body’s deoxygenated (oxygen poor) blood 

is pumped by the heart's right side to the lungs, and the left side of the heart pumps 

oxygen-rich blood to the body [7]. 

The blood is oxygenated in the lungs and then leaves emit oxygen into the body when 

the blood circulates in all blood vessels. Between the atrium and ventricle and at the 
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outlet from the ventricles are the heart valves. This acts as check valves which passes 

only the blood in one direction and thus prevents blood from flowing back when the 

atrium or ventricle contracts [7].    

Right side is to pumping oxygen-poor blood from the body and right atrium to the 

pulmonary circulation for the return to be oxygenated [6]. 

For this reason, it is needed to have a good electrical system that determines when 

the heart's different cavity atrium (artier) and ventricle (vent summary) to contract 

[6]. 

 

2.7 The Electrical System of heart and the wave intervals on the 

ECG 

Each electrical signal begins in the sinus node. The sinus node is placed in the right 

atrium, it is the upper right chamber of the heart [6].  

 

From the sinus node, the signal travels through the right and left atria. This causes 

the atria to contract, which helps move blood into the heart's lower chambers, the 

ventricles. The electrical signal moving through the atria is recorded as the P wave 

on the ECG [6]. 

 

The electrical signal passes between the atria and ventricles through atrioventricular 

(AV) node. The signal slows down as it passes through the AV node. This slowing 

allows the ventricles enough time to finish filling with blood. On the ECG, this part 

of the process is the flat line between the end of the P wave and the beginning of the 

Q wave [6]. 

 

The electrical signal then leaves the AV node and travels along a pathway called the 

bundle of His. From there, the signal travels into the right and left bundle branches. 

The signal spreads quickly across your heart's ventricles, causing them to contract 

and pump blood to your lungs and the rest of your body. This process is recorded as 

the QRS waves on the ECG [6]. 
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The ventricles then recover their normal electrical state (shown as the T wave on the 

ECG). The muscle stops contracting to allow the heart to refill with blood. This entire 

process continues over new a heartbeat [6]. 

 

In a healthy adult heart at rest, the SA node sends an electrical signal to begin a new 

heartbeat 60 to 100 times a minute [6]. In figure 4 and 5 you can see the procedure. 

 

 

 

 

 The Electrical System of heart and the wave intervals on the ECG 

Figure 3 [18] 

 

 

 

 

 

P-wave: atrial depolarization [6] 

PQ distance: Delay in the AV node [6] 

PQ time: the time before depolarization reached ventricles [6] 

QRS complex: chambers depolarization [6] 

ST distance: continued depolarization of the ventricles, plateau phase [6] 

T-wave: repolarization of the ventricles [6] 
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QT interval: chambers repolarization and depolarization [6] 

U-wave: possibly seen [6] 

 

 

A normal ECG graph [17] 

Figure 4 

   

Lead I goes from shoulder to shoulder, with the negative electrode placed on the right 

arm and the positive electrode placed on the left arm. This results in a 0 degree angle 

of orientation, and this happens when the depolarization wave moving toward the 

left arm. Lead II goes from the right arm to the left leg, with the negative electrode 

on the shoulder and the positive one on the leg and +60 degree angle of orientation. 

Lead III goes from the left shoulder (negative electrode) to the right or left leg 

(positive electrode) and +120 degree angle of orientation [7].   
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Einthoven’s triangle shows the lead system of ECG                            

Figure 5 [19]                                                                     Figure 6 [19] 

 

Heart muscle pumps throughout the body a blood volume consisting of 5 liters in one 

minute. Atria receives blood from different parts of the body, while the ventricles 

pumps out blood from the heart. At rest the heart pumps blood through ventricles 

contraction 70 times per minute. The heart rate to pump blood is also called heartbeat 

or pulse and counts in number of beats per minute. If you put the fingers on your 

arteries you can feel the pulse [7]. 

When the body is at rest, heart pumps out blood about 70 times per minute by 

ventricles sharp contractions. This pump frequency is also called heartbeat or pulse 

and counts the number of beats per minute. You can feel the pulse beat of the 

different arteries. The normal resting heart rate for an adult person is 60-90 beats per 

minute. Physical activity increases heart beats. Some diseases affect also the 

heartbeats it can increase, decrease, change the heart rhythm or it can affect the heart 

to stop pumping [7]. 
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2. Amplifier 

In order to improve the accuracy of ECG measurement, we decided to apply an 

amplifier. An amplifier is an electronic device which can be presented either as a 

discrete piece of equipment; an OP-amplifier, or an electrical circuit in another 

device that is useful when we need to amplify a signal.  

The functionality of amplifier is in the way that it can get the power from power 

supply in order to check and control the output power which should be match with 

the input that has higher amplitude. This means that an amplifier is capable to adjust 

output of the power supply with the input signal as well as providing the gain.  

Therefore it is very applicable in electrical equipment. Based on the observations all 

the amplifiers have Gain that act as a multiplication factor which is able to relate the 

magnitude of specific parts of output signal to the input signal. There are different 

categories and specifications for amplifiers.  

In general, you can see them in active devices, amplifier architectures and 

applications. As mentioned before, in this project we need amplifier for ECG 

measurement. But what is ECG amplifier and what it can actually do? 

ECG Amplifier is able to save all the electrical activities that were generated by the 

heart as well as ECG from humans, animals and isolated organ preparations [8] [9].  

The output from ECG amplifier can be changed among normal ECG output and R-

wave detection. It is also possible to find out timing of the R-wave when there is an 

inordinate signal artifact. This amplifier has a user-switchable baseline stabilizer 

[10].  

For instance, in a project related to this topic, they tried to develop an ECG amplifier 

circuit.  

In the picture below you can see provided amplifier circuit: 
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Figure 7  

 

With this circuit they would increase the raw ECG signal level without boosting the 

noise at the same time in the way that amplify only the potential difference across 

two contact points.  

 

They were able to create the process of this research based on three steps such as: 

Instrumentation amplifier design in order to improve an amplifier with a large gain 

to enhance the raw ECG signals as well as creating an account for common-mode 

noise, power source reduction which could be helpful to set ECG amplifier circuit 

by using only one 9V battery to drive it and making a virtual circuit ground and 

ultimately a Multi-lead ECG measurements that can be used for estimating the 

direction of ECG propagation in the simulator by measuring ECG from 12 different 

leads.  

 

Based on their experiments in this project they could describe biopotential amplifier 

circuits, develop an ECG amplifier, address the power-line interference problem and 

show measurement lead angle. 

 

Electrocardiography or ECG is an interpretation of the electrical activity of the heart 

that can be recorded in a specific time interval.  There were many researches and 

development in this area especially in the recent years. 

 

For instance an application note was provided in 2013 [4] that could give a comlete 

explanation about signals and methods and design techniques which is functional to 

work with ECG demonstration board.  

 

There we could find how amplifiers are beneficial for the small ECG signals and 

different methods in order to decreasing the noise in the system.  
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There are different ECG signals based on the range of microvolt and millivolt. As 

you can see, there is a very small range between micro and mili, therefore, we need 

to use an amplifier in order to measuring the signals for better interpretation.  

 

 

Based on the researches, one way to improve the quality of ECG measurement is to 

have a specific process on the ECG. For this purpose, different features that have 

effect on the ECG measurement must be tested [11].  

 

For instance, missing signals, irregular beats, electrode misplacement, and overlaps 

between leads are some of the reasons that can increase or decrease the reliably of 

the ECG measurement. Results of such kind of test will be presented as a matrix 

consecutively. 

For improving ECG measurement, applying differential amplifier is really beneficial. 

Differential amplifier is an electronic amplifier that is made of inverting and non-

inverting amplifiers and is able to reinforce the difference between input voltages.  

 

With these kinds of amplifiers we have two inputs and one output that output is 

corresponding to the difference between two input voltages [12]. 

Shown below:  

                                                   

Figure 8 

 

���� � ���	�
�
� 		�
�

�	� ,  
 

In the picture we can see that inverting and non-inverting inputs are separated with 

(-) and (+) signs, respectively and Vs is the symbol of power supply voltage in the 

circuit.  
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A� is the differential gain of the amplifier. On the other hand, the purpose of using 

differential amplifiers is to null out bias-voltages and noise that can be existed in 

both input voltages, therefore we need to have a low common-mode gain shown as 

A�. 
One of the differential amplifiers is operational amplifier or op-amp. In this amplifier 

differential-mode gain and input impedance is very high, while, output impedance is 

low. Some of the amplifiers consist of several op-amps such as fully differential 

amplifier, instrumentation amplifier and an isolation amplifier are often built from 

several op-amps [13]. 

In general the properties of an operation amplifier can be described as below: 

DC-coupled  

Inverting  and non-inverting input and single output 

Amplifiers with high gain electronic voltage  

Differential amplifier to amplify the difference between V+ and V-  

Negative feedback to control the output of the op-amp  

 

There is also another kind of op-amp that calls ideal and has its specific properties. 

These kinds of amplifiers are just able to amplify the voltage difference in its inputs. 

In general we can categorize amplifiers in 5 different types such as operational, 

inverting, non-inverting, ideal and instrumentation amplifiers. But	what	 is	 really	
important to know is that, where and how we can apply these differential amplifiers.  

On the other hand, researches show that we can classify different types of amplifiers. 

This classification is because of the difference between amplifiers functionality and 

their outputs. The purpose of this taxonomy is to identify various types of amplifier 

in terms of their electrical specifications [14]. 

The ideal op amp is a type of amplifier that input impedance, open-loop gain and 

bandwidth are infinit while output impedance and noise are zero. One of the 

advantages of these amplifiers is that they let circuits contain a wide range of 

functions and this is because of having both positive and negative inputs. 
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Picture below is showing an ideal op-amplifier which follows two main rules in its 

functionality: 

 

Figure 9 

 

These main rules are as follows: 1. Output tries to make the voltage difference 

between the inputs zero. 2. Input draws no current. 

 

In this project what we have applied is differential amplifier which is a combination 

of both inverting and non-inverting amplifiers. Infect it is an electronic amplifier that 

is able to amplify the difference between two input voltages but suppresses any 

voltage common to the two inputs. 

 

In the next part ECG circuit that was designed in this project is explained which 

includes two amplifiers. 

 

3. How to design an ECG measurement circuit 

In order to design an ECG circuit, first we started with collecting information from 

previous researches. For instance, there was a research to find out how it is possible 

to analyze and design an ECG circuit.  
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Physiological fundamentals investigation was the first step they had before working 

with ECG. What is significant is to have comprehensive information about heart, 

heart beat and its functionality. 

 

In each heart beat we can observe same set of electrical activities that describe the 

behavior of heart. As you can see in the picture below each heart beat consists of six 

steps [15]. These steps would be described as follows: 

Atrium starts depolarizing. 

Atrium depolarizes. 

Ventricles start to depolarize at apex and atrium re-polarizes. 

 Ventricles depolarize. 

Ventricles also start to re-polarize at apex. 

Ventricles repolarize. 

 

 

 
Figure 10 the figure shows how the electrical signal starts and finish in different parts of the heart 

 

In the last step we can see a complete and normal heart signal that leads to produce 

different voltages. But signals generated by heart are very weak and also can be 

affected by some factors such as noise created by different reasons. Therefore it is a 
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must to improve signals with amplifiers. For example, instrumentation amplifiers 

with high gain and high CMRR (common mode rejection ratio) can be really 

applicable for these kinds of purposes. 

 

 

4. Experiment and results 

To start this project, we had to design a circuit which could meet the expectations 

from us and lead to a circuit for ECG measurements. We found an appropriate circuit 

in applications for the OP-amplifiers CA3240 and CA3140, see figure 10. 

In order to calculate the amplification for the circuit in figure 10, we found a similar 

circuit in a textbook Molin see figure 11. It is basically the same circuit with the 

formula for the total amplification. The only difference is that our circuit, figure 10, 

contains capacitors to reduce high frequency noise, acting like a low pass filter. In 

our experiment the frequency is very low < 5Hz (heart frequency). So we ignore the 

capacitors when we calculate the amplification. However the formula that we will 

use to calculate the amplification for the circuit is shown below. 
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Figure 11 the circuit we used to make the measurement of ECG [7] 
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                             First step                                      Second step 

 

Figure 12 almost the same circuit model we used in our experiment compared with figure 

11 [16] 

 

If we compare the circuit in figure 11 with the circuit in figure 12, we can see that 

the output corresponds to Uut and U1 and U2 are the same as Vin1 and Vin2 in figure 

12, they are the electrode inputs that we used. Common in Figure 11 was connected 

to the left foot as a reference, ground in figure 12. If we compare figure 11 and figure 

12 we find that Vout in figure 11 corresponds to Uut in figure 12. So we see that in 

the same way 

Vout = Uut         Vin1 = U1         Vin2 = U2      CA3140 = Amplifier with output 

Vout 

The two resistors 10 MΩ connected to the input electrodes in figure have the purpose 

of insulation the human body from the electrical circuit. They do not cause any 

changes in the calculation of the amplification of the circuit in figure 11.  

To calculate the amplification in the circuit in figure 11, we use figure 12.  

I = (U2 – U1) /  R1  

U3 = U1 – R2·I 
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U4 = U2  +  R2·I 

 

U3 – U4   =  U1 – U2 – 2·R2·I = U1 – U2 - 2R2  (U2 - U1) / R1  =  

= ( U1 – U2 ) ( 1 + 2 R2 /R1 ) 

Uut  =  R4 / R3 ( U3 – U4 )   

Uut  = ( R4 / R3)· (1 + 2R2 / R1 ) (U1 – U2 )  

If we compare figures 11 and 12we see that the component values are: 

R4=100kΩ, R3=5,1kΩ, R2=100kΩ, R1 = 3,9kΩ + a potentiometer 0-100kΩ. We 

assume R1 = 40kΩ in our case. If we insert these component values in the formula 

we get: 

Uut  = ( 100/ 5,1)· (1 + 2*100 / 40 ) (U1 – U2 ) 

A = 100/ 5,1 (1 + 2*100 / 40 ) = 117,65  ≈ 120 times   

If we use this on figure 11 we see that Vout = 120 · (Vin1 – Vin2)  

By following schematic above, we could create an ECG circuit as below: 

 

 

Figure 13 circuit from the experiment with all components 
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In general the components we used in the circuit were 10 resistors, 7 capacitors and 

2 amplifiers that we connected via wires.  
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As you see our results in the first two pictures we have got a signal with full noise 

but we can still see the tops which looks like a ECG signal.  

 

 

 

Figure 14 the first result of our experiment with noise 

 

 

 

Figure 15 (result of the ECG measurement with noise) 

 

 

In the two pictures 4 and 5 we can see that the noise does not exist anymore and it is 

because we used shorter cables to connect the components in the circuit. Also the 
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circuit was better grounded in pictures 5-6, and much effort was made to make the 

grounding as good as possible.  

Also the differential amplifiers affect the noise and it means that the two input signals 

from the body have two noises which have same frequencies. These noises can cancel 

each other when they differentiate and the signal becomes stronger and noise free as 

we see in the results below. 

 

 

 

Figure 16 (that shows the result of ECG measurement)  

 

 

Figure 17 last and best result of ECG measurement with less noise 
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On the other hand, we can say that pictures 5 and 6 are corresponding to figure 3 in 

page 14 that presenting the normal sinus rhythm. Even though still we have small 

noises in both PR and QT intervals but compare to pictures 3 and 4 is much less. 

But in picture 6 and figure 3 you can see there are big similarities between them. In 

picture 6 we can see that the PQRS interval is normal, but the ST segment is not flat 

as ST in figure 3. But generally we have managed to get a normal sinus rhythm. In 

fact, differential amplifier is really applicable to obtain a more realistic result of ECG 

measurement 

From frequency values in pictures 4 and 5 we can calculate heart rate (the heart 

pulse). We are multiplying the values of the frequency 1.18 Hz to 60 seconds which 

gives the heart pulse in beats per minute 1.18 * 60s = 70.8 beats/min. 

In figure 6 from the frequency we have got 1.26 * 60 = 75.6 beats/min. 
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5. Conclusion 

As previously stated, in this research we tried to find out how it is possible to 

maximize the accuracy of the ECG measurement. This heart beat recording can be 

corrupted by any kind of noise, therefore the frequency of the power can be affected 

and vary every seconds. 

To solve this problem, we applied differential amplifiers to be able to increase the 

correctness of the frequency obtained from heart to a high extent. For this reason and 

to see how amplifier can effect on this measurement, we ran this test both with and 

without having amplifier.  

Even though amplifiers working in such a great way to optimize these kinds of 

measurements but still we can see some noises which push us to think about more 

efforts and to develop ECG to get the maximum accuracy. For instance, in the future, 

it can be interesting to create bigger circuits and trying more different type of 

amplifiers to find the best way to produce ECG circuit or it would be considerable to 

filtering frequencies by applying appropriate filters. Perhaps one of the best way to 

develop a technology is to try all kind of possible ways to find best. 

Hopefully we will have a brilliant future in medical sciences by applying engineering 

methods. 
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Appendix A: 

 

Applications of amplifier CA3140: 

• Ground-Referenced Single Supply Amplifiers in 

Automobile and Portable Instrumentation 

 

• Sample and Hold Amplifiers 

 

• Long Duration Timers/Multivibrators 

 

• Photocurrent Instrumentation 

 

• Peak Detectors 

 

• Active Filters 

 

• Comparators 

 

• Interface in 5V TTL Systems and Other Low 

Supply Voltage Systems 

 

• All Standard Operational Amplifier Applications 

 

• Function Generators 

 

• Tone Controls 

 

• Power Supplies 
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• Portable Instruments 

 

• Intrusion Alarm Systems 

 

Applications of amplifier CA3240: 

• Ground Referenced Single Amplifiers in Automobile and 

Portable Instrumentation 

 

• Sample and Hold Amplifiers 

 

• Long Duration Timers/Multivibrators (Microseconds-Minutes-Hours) 

 

• Photocurrent Instrumentation 

 

• Intrusion Alarm System  

 

• Active Filters 

 

• Comparators  

 

• Function Generators 

 

• Instrumentation Amplifiers  

 

• Power Supplies 

 

 

Pictures of Lab experiment: 
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ECG circuit created in the lab 

     

                     

Oscillator and heart beat signals  
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Skin-electrode sensors connected to ECG circuit (part of the experiment) 

 

 

 

 

                   

Heart signal (ECG-measurement result)  
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