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ABSTRACT: 
A successful approach to the laboratory exercises in medical physics when studying the 

bio-voltages was approved. A special attention was paid to the bio-voltage amplification under 

the conditions of electromagnetic noises with amplitudes which surpassed those of the useful 

signal. Basic characteristics of the amplifier were clarified in a simple way. A simplified 

principle circuit of a differential amplifier and its operation was presented. Its role for the 

improvement of the signal-to-noise ratio, i.e. registration of weak signals on the background of 

powerful noises typical of medical electrodiagnostic examinations was emphasized. It was 

outlined that if, initially, the medical students approached uncertainly to this topic, during the 

real teaching experiment they went deep in the physical foundations of the problem. Besides 

they manifested an interest in it, participated actively in the discussions and experienced a true 

satisfaction with the obtained results. On the other hand, the acquired knowledge and skills 

represented a precondition for a successful entering the clinical practice. 
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INTRODUCTION: 

One of the most important physical events in the cells and living organisms consists in the 

origin and propagation in them of the electric potentials or bio-potentials. Without these bio-

potentials a series of vitally significant processes such as excitability, operation of the nervous 

system, muscle contraction and regulation would be impossible. On the other hand, the disorders 

related to the bio-potentials in single cells, tissues, and organs and/or their propagation cause severe 

pathological conditions. 

From a strict point of view, the potential characterizes any point in the electric field 

concerning the work that can be done by the field while the work for transmission of the charge 

between two points is expressed by the quantity of voltage. That is why, from a purely physical 

point of view, the use of the term of ‗bio-voltage‘ should be preferred. 

The bio-voltages generated by different organs and tissues are of very small magnitude—of 

the order of micro- or milli-volts (1, 2). Therefore, they should be amplified in a suitable way in 

order to be studied. A noteworthy peculiarity consists in the circumstance that intensive usage of a 

variety of electric networks and devices nowadays within the object of study and the leads 

connecting it with the amplifier induces electric noises which amplitude can substantially surpass 

that one of the signal under investigation. By that reason, routine methods for bio-voltage 

amplification can‘t be applied and one makes use of the so-called differential amplifier (5, 7). It is 

at the root of any contemporary medical electrodiagnostic apparatuses such as electrocardiographs, 

electroencephalographs, electromyographs, ets. (1, 2, 6, 8). 

 

AIM AND METHODS: 

Obviously, in the course of their studies, the medical students should become aware of the 

nature of the bio-voltages in the human organism and the specific features of voltage amplifiers. A 

special attention should be paid to the differential amplifier. Based on this necessity, a laboratory 

exercise was elaborated and introduced in the syllabus of medical physics and biophysics entitled 

‗Amplification of bio-voltages. Differential amplifier‘ (3, 4). 
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RESULTS: 

Within the theoretical part of the exercise the students become familiar with the typical bio-

voltage amplitudes and the necessity of their amplification which aims at their registration and 

examination. One provides a definition of an amplifier of electric signals or electronic amplifier as a 

device amplifying the amplitude of these signals on the account of the energy of an external source. 

One notes that, in general, the amplifier can be regarded as a circuit with two input and two output 

terminals (a two-port network) and an external power source. 

The following basic characteristics of an electronic amplifier are defined: gain, amplitude 

characteristics, frequency response, and common mode rejection ratio (CMRR).    

The gain characterizes amplifier‘s ability to magnify the signal applied to its input port. It 

represents the ratio of the change of the amplifier‘s output signal to the corresponding input signal 

change which has caused it, i.e. K = Uout/Uin. One pays particularly students‘ attention to the fact 

that during the process of amplification the reproduced magnified signal should preserve its shape. 

In practice, this requirement can be met to a certain extent only.  

The amplitude characteristics is defined as a dependence of gain on input signal amplitude 

K = f(Uin) at constant frequency  of this signal. This gain K should be constant within the 

limits of input signal variations, i. e. the output voltage Uout should be proportional to the input 

voltage Uin in order to preserve the shape of the signal during amplification. With the real 

amplifiers, this requirement can be met up to certain input voltage values only. When dealing with 

input voltages which gain is not constant, output signal deformations or the so-called non-linear 

distortions occur. 

The relation of gain K = f() at constant input signal amplitude is defined as frequency 

response of the amplifier. As far as every signal can be regarded as a sum of harmonic components 

of different frequencies and amplitudes in order to preserve the shape of the signal, the gain at 

different frequencies, i. e., for the various harmonic components should be of one and the same 

value. It can‘t be implemented in practice. The gain remains constant only within a certain 

frequency range and in case of input signals with a broader frequency spectrum the output signal is 

subjected to deformations towards the input one called linear distortions.  

Usually, it is accepted that gain reduction down to 
max

max

K
0.71 K

2


 does not, practically, 

distort the signal. The frequency range [1,2 ], in which this condition is observed is defined as an 

amplifier‘s frequency band. In some cases the requirements concerning this frequency band are 

considerably more stringent. For example, the frequency band of an electrocardiograph is defined at 

level of 0,95 Kmax.  

The signal-to-noise ratio (SNR) deserves a special attention, too. Along with the useful signal, 

electromagnetic signals from other sources of a noise nature can find their way to the amplifier 

input. During the measurement of the bio-voltages, electrical signals in the human body and the 

connecting leads are induced which amplitudes may be even larger than those of the examined 

signal. SNR can be defined as the ratio between the peak-to-peak amplitude of the useful signal to 

that of the input noise. 

Based on the aforementioned definitions, the necessity of the usage of the differential signal 

amplification is argued. The differential amplifier is constructed in such a way that it amplifies the 

useful signal and attenuates the noises thus improving SNR. This can be used for amplification of 

weak signals, including bio-voltages. 
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Figure 1 . Schematic diagram of a differential amplifier.  

For students‘ convenience, a schematic diagram of a differential amplifier consisting of two 

amplifiers of maximally close parameters is demonstrated. K-fold amplified difference of the 

potentials applied to the input terminals A and B appears at the output terminals A’ and B’: 

Uout = K(UA–UB).           

It is clarified that when the bio-voltage generated between two points on the patient‘s body is 

applied to the input terminals A and B by means of an input voltage divider formed by two identical 

resistors R, this voltage is divided in half, so that the input voltage towards the neutral point of the 

first amplifier is +Uin/2 and that of the second one is -Uin/2  (Figure 1a). In this way, irrespective 

of the way the useful signal Uin changes, the input voltages of both amplifiers are of equal absolute 

values and opposite phases. According to Uout= K(UA–UB), the voltage between the output 

terminals A’ and B’ will be: 

in in

out in

U U
U K K KU

2 2

   
       

   
. 

In contrast to the bio-voltages, the interfering signals (the noises) occur mainly in the space 

between the living object, the electrodes and the leads, on the one hand, and the earth, on the other. 

That is why they reach the inputs of the amplifiers with equal phase and amplitude (synphase 

signals), while the useful signal consists of two components of opposite phases. According to 

Uout=K(UA–UB), the potential difference between the output terminals A’ and B’ is equal to zero 

when a synphase signal enters the input terminals A and B (Figure 1b). 
' '

out in in
U KU KU 0  

. 

Theoretically, absolute amplifier symmetry would entirely eliminate the effect of the 

synphase (noise) signals. In practice, such complete noise elimination can‘t be achieved.  

The common mode rejection ratio (CMRR) is a particularly important characteristics of the 

real differential amplifier. It is numerically equal to the ratio of the differential gain Kdm (for signals 

of opposite phase) to the common mode gain Kcm (for synphase signals): 

dm

cm

K
CMRR

K
 . 

It is emphasized that the quantity CMRR shows how many times the amplification of the 

useful signal is greater than that of the noises. CMRR is a measure of SNR improvement at 

amplifier output as compared to that at amplifier input. This is of a peculiar importance for bio-

voltage registration and investigation on the background of powerful electromagnetic noises. 
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During their practical work the students make use of 

a specially elaborated experimental set-up of a differential 

amplifier which operation principle and schema are 

described above (Figure 1). The amplifier is powered by a 

bipolar DC voltage of 18 V. The set-up includes 

measures for amplifier protection in case of eventual errors 

on the part of the students after false power switching-on 

or incorrect input signal supply, etc. The input signal is 

supplied to the differential amplifier by a tone generator as 

the experimental set-up itself enables its modification by a 

change-over switch from the opposite-phase signal into the 

synphase one and vice-versa. 

Oscilloscopes are used to measure the signal at the 

input and output of the amplifier. In the course of the teaching experiment, initially, the operation of 

the differential amplifier is demonstrated. For that purpose, both amplitude and shape of the input 

signal as well as both preserved shape and magnified amplitude at the amplifier output are 

observed. The possible linear and non-linear distortions are demonstrated and considered. With the 

practical tasks, the amplitude characteristics and frequency response of the examined amplifier are 

studied. One clearly determines the possible range of the 

input voltages and the frequency band when the distortions 

could be negligible small. CMRR of synphase signals is 

experimentally estimated and its primary importance for 

bio-voltage amplification is interpreted. Some example 

results of signal amplification are illustrated on Figure 2 

and Figure 3. For frequency f = 1000 Hz CMMR is 

approximately 8000. 

 

CONCLUSION AND DISCUSSION: 
This laboratory exercise enables the medical students 

to become aware of the specific peculiarities of the bio-

voltages generated by the human organism, of the manners 

and means for their registration and investigation as well as of the basic physical principle of 

operation of modern electrocardiography, electroencephalography, electromyography, etc. in order 

to successfully apply them in the clinical practice. It is noteworthy that initially, the medical 

students approach uncertainly to the proposed topic, however, during the real teaching experiment 

they go deep in the physical foundations of the problem, manifest an interest in it, participate 

actively in the discussions and experience a true satisfaction with the obtained results. 
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Figure 2. Amplitude characteristics.  

Figure 3. Frequency response.  



Science & Technologies 

 Volume III, Number 3, 2013 

 Natural & Mathematical science 20 

5. Nagle J. H., ―Biopotential amplifiers‖, inThe Biomedical Engineering Handbook, Bronzino 

J. D., Ed., Boca Raton, FL: CRC Press, pp. 1185–1195, 1995.  

6. Niedermeyer E. and Lopes da Silva F., Electroencephalography, Baltimore: Urban, 

Schwarzenberg, 1987.  

7. Neuman M. R., ―Biopotential amplifiers‖, in Medical Instrumentation: Application and 

Design, Webster J. G., Ed., 3rd ed., New York: Wiley, 1998. 

8. Thakor N. V., ―Electrocardiographic monitors,‖ in Encyclopedia of Medical Devices and 

Instrumentation, Webster J. G., Ed., New York: Wiley, pp. 1002–1017, 1988. 


