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Principles of Ultrasonic Measurement 

 Recently, many of the innovations of medicine have taken place because of the use of 

ultrasound. By definition, ultrasound is sonic energy at frequencies above the audible 

range (greater than 20 kHz). 

 Like other forms of sonic energy, ultrasound exists as a sequence of alternate 

compressions and rarefactions. 

 Its behavior also depends on the frequency (wavelength) of the sonic energy and the 

density and mechanical compliance of the medium through which it travels. 

 At the frequencies normally used in diagnostic applications, ultrasound can be focused 

into a beam and obeys the laws of reflection and refraction. 

 Whenever a beam of ultrasound passes from one medium to another, a portion of the 

sonic energy is reflected and the remainder is refracted, as shown in Figure. 

 

 The amount of energy reflected depends on the difference in density between the two 

media and the angle at which the transmitted beam strikes the medium. 

 The greater the difference in media, the greater will be the amount reflected. Also, the 

nearer the angle of incidence between the beam and the interface is to 90 ° the greater 

will be the reflected portion. 

 At interfaces of extreme difference in media, such as between tissue and bone or tissues 

and a gas, almost all the energy will be reflected and practically none will continue 

through the second medium. For this reason, the propagation path for ultrasound into or 

through the body must not include bone or any gaseous medium, such as air. 

 In applying ultrasound to the body, an airless contact is usually produced through use of 

an aqueous gel or a water bag between the transducer and the skin. 



 Table  lists the density and other properties of various materials, including several of 

biological interest. 

 

 A well-known characteristic of ultrasound frequently utilized in biomedical 

instrumentation is the Doppler effect in which the frequency of the reflected ultrasonic 

energy is increased or decreased by a moving interface. The amount of frequency shift 

can be expressed in the formula. 

∆𝐟 =
𝟐𝐯

𝛌
 

Where 

 f = shift in frequency of the reflected wave 

v = velocity of the interface 

λ = wavelength of the transmitted ultrasound 

 

Basic Modes of Transmission 

Ultrasound can be transmitted in various forms. Following are the modes of transmission most 

commonly used in diagnostic medical applications: 

 

Pulsed ultrasound: 

In this mode, ultrasound is transmitted in short bursts at a repetition rate ranging from 1 to 12 

kHz. Returning echoes are displayed as a function of time after transmission, which is 

proportional to the distance from the source to the interface. Movement of interfaces with respect 



to time can also be displayed. The burst duration is generally about 1 µsec. Pulsed ultrasound is 

used in most imaging applications. 

Continuous Doppler: 

Here a continuous ultrasonic signal is transmitted while returning echoes are picked up by a 

separate receiving transducer. Frequency shifts due to moving interfaces are detected and 

recorded and the average velocity of the targets is usually determined as a function of time. This 

mode always requires two transducer crystals, one for transmission and one for receiving, 

whereas any of the pulsed modes can use either one or two crystals. Continuous Doppler 

ultrasound is used in blood flow measurements. 

Pulsed Doppler:  

As in pulsed ultrasound, short bursts of ultrasonic energy are transmitted and the returning 

echoes are received. However, in this mode frequency shifts due to movement of the reflected 

interfaces can be measured in order to determine their velocities. Thus, both the velocity and 

distance of a moving target can be measured. 

Range-gated pulsed Doppler:  

This mode is a refinement of pulsed-Doppler ultrasound, in which a gating circuit permits 

measurement of the velocity of targets at a specific distance from the transducer. The velocity of 

these targets can be measured as a function of time. With range-gated pulsed Doppler ultrasound, 

the velocity of blood can be measured, not only as a function of time, but also as a function of 

the distance from the vessel wall. 

 

Ultrasonic Imaging 

The most widely used applications of ultrasound in diagnostic medicine involve the noninvasive 

imaging of internal organs or structures of the body.  

Such imaging can provide valuable information regarding the size, location, displacement, or 

velocity of a given structure without the necessity of surgery or the use of potentially harmful 

radiation.  

Tumors and other regions of an organ that differ in density from surrounding tissues can be 

detected. In many instances, ultrasonic techniques have replaced more risky or more traumatic 

procedures in clinical diagnosis. 

A-SCAN Display: 



This is the simplest form of display. Each transmitted pulse triggers the sweep of an 

oscilloscope. That pulse (often attenuated) and the returning echoes are displayed as vertical 

deflections on the trace. 

 

In most cases the transducer is kept stationary so that any movement of echoes along the trace 

will be the result of moving targets. An example of an A-scan display is that of the 

echoencephalogram. 

 

M-SCAN Display: 

 

As in the A-scan mode, each transmitted pulse triggers the oscilloscope sweep; however, the 

received pulses are used to brighten the trace rather than control the vertical deflection, as shown 

in Figure. For the M-scan, the transducer is held stationary so that the movement of the dots 

along the sweep represents movement of received targets. 



A stationary target will trace a straight line, whereas a moving target will trace the pattern of its 

movement with respect to time. 

B-SCAN Display:  

While the M-scan is used to display the movement of targets with respect to time, the B-scan 

presents a two-dimensional image of a stationary organ or body structure.  

As in the M-scan, the brightness of the oscilloscope is controlled by returning echoes; however, 

in the B-scan the transducer is moved with respect to the body while the vertical deflection of the 

oscilloscope or movement of the chart paper is made to correspond to the movement of the 

transducer. 

 

Ultrasonic Diagnosis 

The applications of ultrasonic methods to medicine are many and varied. The techniques are 

used in cardiology, for abdominal imaging, in brain studies, in eye analysis, and in obstetrics and 

gynecology.  

The records obtained have various names, which usually include the words “echo" or “sono". For 

example the echocardiogram, analogous to the electrocardiogram, is a record of ultrasonic 

measurements in the heart. The echoencephalogram is a record obtained from the brain. 

 

X-Rays (Gamma Rays) 

Gamma rays and X rays are both electromagnetic waves that have a much shorter wavelength 

than radio waves or visible light. Their wavelengths can vary between approximately 10
-6

 and 

10
-10

 cm, corresponding to a frequency range of between 10
10

 and 10
14

 MHz 

The ability of these rays to penetrate matter depends on their wavelengths, but it is much greater 

than that of the alpha and beta rays. 

Gamma rays are usually not characterized by their frequency but by their energy, which is 

proportional to the frequency. This relationship is expressed in the Planck equation: 

𝑬 = 𝒉𝒇 

Where, 

 E = energy, ergs 

h = Planck's constant = 6.624 x 10
-27

 erg sec 



f = frequency, hertz 

 

Generation of X-Rays: 

When a high speed electron beam strikes a metal emit X-rays. Usually the metal is anode which 

is either copper or tungsten but preferably tungsten is used due to its high melting point. 

An X-ray tube is basically a high-vacuum diode with a heated cathode located opposite a target 

anode as shown in the figure below. 

 

When fast moving electrons are suddenly decelerated by impinging on a target, X-rays are 

generated. Figure shows X-ray tube which is a high vacuum diode with a heated cathode located 

opposite a target anode.  

The intensity of X-rays depends on the current through the tube. The wavelength of the X-rays 

depends on the target material and velocity of the electrons holding the target. 

 X ray equipment for diagnostic purposes uses target voltages in the range of 30 to 100 kV, 

whereas, the current is in the range of several hundred milliamperes. 

X-ray Interaction with body: 

Bones, metallic parts, air filled cavities have different densities from the surrounding tissue; 

therefore, X ray machines are able to show up well the high density parts like bones, metallic 

parts, and air-filled cavities. The X ray machines are based on principles shown in the figure. 



 

Once X-rays penetrate a body part, internal part structure absorbs varying amount of radiation. 

The radiation that leaves the body has varying intensity of images on the screen. The X-rays are 

visualized for imaging by techniques such as fluoroscopy (radiation effect of certain metal salts), 

photographic emulsions (X-ray effects of some films); and image intensifiers (fluoroscopic 

image is made brighter). 

TV camera, monitors, tape recorders and mobile x-ray machines are available for diagnostic 

purposes. A typical block diagram of X-ray machine is shown in figure. 

 



CT /CAT SCAN (COMPUTED TOMOGRAPHY) 

Computerized Axial Tomography or Computed Tomography scanning combines X-ray imaging 

with computer techniques. CAT permits visualization of internal organs with greater clarity. 

The X-ray photograph is a shadow of all organs and structures in the path of the rays. Whenever 

two radio opaque objects lay one behind the other, in the X-ray path the smaller of the two may 

be completely hidden by the larger. It can be seen from the below figure. 

 

 

If the X-ray source and film are simultaneously moved in opposite directions for a given 

combination of source and film velocities, objects will appear to remain stationary with respect 

to the film during the movement in one single plane perpendicular to the path of the rays. 

 

 

A very narrow pencil like X-ray beam scans a single slice perpendicular to the body’s axis. By 

scanning two or more slices, a three dimensional representation ran be created.  

The CAT scanners can provide information about internal organs body structures which could 

not be done by conventional X-ray Photographs. It is regarded as one of the major developments 

in medical Instrumentation. 



 

  

The block diagram of CAT or CT scanner is shown in the above figure. The X-ray source and 

detector are mounted opposite to each other. If the patient is placed between source and detector, 

X-rays from the source are passed through the body.  

The radiation transmitted from the body is sensed by the detector. The slices of the particular 

organ in the body are collected at regular intervals. By combining all these slices we will a sharp 

and clear picture. A 3-D view of the CAT scan is shown below for better understanding. 

 



MRI(Magnetic Resonance Imaging) 

MRI is also called as NMRI (Nuclear Magnetic Resonance Imaging) or MRT (Magnetic 

Resonance Tomography). It is a very advanced technique when compared to the X-rays and CT 

scan.   

Magnetic resonance imaging (MRI) is a type of scan that uses strong magnetic fields and radio 

waves to produce detailed images of the inside of the body. An MRI scan can be used to examine 

almost any part of the body, including the: 

 brain and spinal cord 

 bones and joints 

 breasts 

 heart and blood vessels 

 internal organs, such as the liver, womb or prostate gland 

During an MRI scan, you lie on a flat bed that's moved into the scanner. Depending on the part 

of your body being scanned, you'll be moved into the scanner either head first or feet first. 

The MRI scanner is operated by a radiographer, who is trained in carrying out imaging 

investigations. They control the scanner using a computer, which is in a different room, to keep it 

away from the magnetic field generated by the scanner. 

At certain times during the scan, the scanner will make loud tapping noises. This is the electric 

current in the scanner coils being turned on and off. You'll be given earplugs or headphones to 

wear. 

It's very important to keep as still as possible during your MRI scan. The scan lasts 15 to 90 

minutes, depending on the size of the area being scanned and how many images are taken. 

How does an MRI scan work? 
Magnetic Resonance Imaging (MRI) is based on the nuclear properties of hydrogen atoms in the 

body. Elements having odd number of protons in the nucleus have magnetic properties. 

 Such elements are hydrogen -1, carbon -13, oxygen -17, sodium -23, Fluorine -19, Phosphorus -

31, etc. Hydrogen atom nucleus has a single proton which being odd number has the property. 

This works like magnet when the patient is placed in a strong magnetic field, the magnetic 

moments of protons align with or against the field lines of the magnet as shown in figure. 

 

 



 

Most of the human body is made up of water molecules, which consist of hydrogen and oxygen 

atoms. At the centre of each hydrogen atom is an even smaller particle, called a proton. Protons 

are like tiny magnets and are very sensitive to magnetic fields. 

When you lie under the powerful scanner magnets, the protons in your body line up in the same 

direction, in the same way that a magnet can pull the needle of a compass. 

Short bursts of radio waves are then sent to certain areas of the body, knocking the protons out of 

alignment. When the radio waves are turned off, the protons realign. This sends out radio signals, 

which are picked up by receivers. 

These signals provide information about the exact location of the protons in the body. They also 

help to distinguish between the various types of tissue in the body, because the protons in 

different types of tissue realign at different speeds and produce distinct signals. 

In the same way that millions of pixels on a computer screen can create complex pictures, the 

signals from the millions of protons in the body are combined to create a detailed image of the 

inside of the body. A simple block diagram of MRI machine with human inside it is shown in the 

following figure. 

 

 



Benefits: 

 MRI is a noninvasive imaging technique that does not involve exposure to ionizing 

radiation. 

 MR images of the soft-tissue structures of the body—such as the heart, liver and many 

other organs— is more likely in some instances to identify and accurately characterize 

diseases than other imaging methods. This detail makes MRI an invaluable tool in early 

diagnosis and evaluation of many focal lesions and tumors. 

 MRI has proven valuable in diagnosing a broad range of conditions, including cancer, 

heart and vascular disease, and muscular and bone abnormalities. 

 MRI enables the discovery of abnormalities that might be obscured by bone with other 

imaging methods. 

 The contrast material used in MRI exams is less likely to produce an allergic reaction 

than the iodine-based contrast materials used for conventional x-rays and CT scanning. 

 

Risks: 

 The MRI examination poses almost no risk to the average patient when appropriate safety 

guidelines are followed. 

 Although the strong magnetic field is not harmful in itself, implanted medical devices 

that contain metal may malfunction or cause problems during an MRI exam. 

 

BIOTELEMETRY 

Whenever it is necssary to monitor physiological events from a distance , need of telemetry 

becomes important. The requirements which need telemetry are:  

a) Monitoring of astronauts in space by radio frequency transmission 

b) Monitoring of patients while exercising. 

c) Monitoring of patient in an ambulance. 

d) Medical data transmission from home or office. 

e) Research on animals. 

Definition:Biotelemetry is the measurement of biological variables over a distance.  

 

 

 



The components of Biotelemetry System: 

A simple system of biotelemetry will be explained with the help of transmitter and receiver as 

shown in the below diagram. 

Transmitter: 

 

The biopotential obatined from the subject with the help of transducer is either direct or indirect 

measurement. Direct measurement refers to measurement of variables with out applying any 

excitation to the subject. Whereas indirect measurement refers to variables obtained with 

excitation applied. 

From the transducer the variables are applied to amplifier since obtained measurements are  not 

in a condition to study. 

From the amplifier the signals are processed and then applid to modulator for long distance 

communication over the channel. 

 

Receiver: 

The receiver circuit is shown in the following diagram. It has a tuner for selection of tuner 

frequency which must be synchronize with transmitter frequency. 

Then the signal is applied to demodulator to extract the baseband signal and discard the carrier 

signal. 



 

Final phase of the receiver is storing of the information. The recording may be done on physical 

media like strip chart recorder or cylindrical drum recorder. Some times the recording may be 

done on a virtual media like CD, DVD’s for future purpose. 



Blood Pressure Telemetry 

A system for monitoring blood pressure is used to illustrate the FM/FM method of transmission. 

The transducer used in this case is the flush diaphragm type of strain-gage transducer. 

Electrically, it can be represented by the bridge circuit of Figure. 

 

 

Resistors R1, and R3 decrease, whereas R2 and R4 increase in value as blood pressure increases. 

Resistor Rb is simply for balancing or zeroing. The transducer is connected in the transmitter 

circuit as shown in Figure. 

 



Either direct current or alternating current can be used as excitation for strain-gage bridges. 

When dc is used, the amphfier following the bridge must be a dc amplifier, with its associated 

problems of stability and drift.  

When ac is used, the bridge acts as a modulator. A demodulator and filter are required in order to 

recover the signal. 

The system can be arranged so that there is a fairly linear relationship between the subcarrier 

oscillator frequency and the physiological parameter to be measured. 

 For example, in the system for blood pressure illustrated in Figure, a frequency range of 1 to 2 

kHz represents the range of to 300 mm Hg (0 to 40 kPa) pressure. The transducer action can be 

traced very easily.  

The subcarrier is used to frequency-modulate the main transmitter carrier. This carrier is 

transmitted at low power on a frequency band specially designated for biotelemetry. 

The same exciter-transmitter circuit could be used with small modifications if the blood pressure 

transducer were replaced by another type or by a thermistor or any other electrical resistance 

device.  

Also, the exciter-bridge combination could be replaced by a direct biopotential signal input, such 

as an electrocardiogram signal. 

the signal transmitted at low power on the FM transmitter is picked up by the receiver, which 

must be tuned to the correct frequency.  

The audio subcarrier is removed from the RF carrier and then demodulated to reproduce a signal 

that can be transformed back to the amplitude and frequency of the original data waveform. This 

signal can then be displayed or recorded on a chart.  

There are systems that convert an analog signal, such as ECG, into digital form prior to 

modulation. The digital form is useful when used in conjunction with computers. 

 

 

 

 

 

 



Telemetry for ECG Measurements During Exercise 

 For certain cardiac abnormalities, such as ischemic coronary artery disease, diagnostic 

procedures require measurement of the electrocardiogram while the patient is exercising, 

usually on a treadmill or a set of steps.  

 Although such measurements can be made with direct-wire connections from the patient 

to nearby instrumentation, the connecting cables are frequently in the way and may 

interfere with the performance of the patient.  

 For this reason, telemetry is often used in conjunction with exercise ECG measurements. 

 The transmitter unit used for this purpose is similar to that described earlier for extended 

coronary care and is normally worn on the belt.  

 Care must be taken to ensure that the electrodes and all wires are securely fastened to the 

patient, to prevent their swinging during the movement of the patient. 

 In most ECG telemetry systems movement of the wiring with respect to the body results 

in artifacts on the ECG tracing.  

 However, with proper equipment and with the wiring skillfully tied down, excellent 

results can be obtained. If other physiological variables in addition to the ECG are to be 

measured from the exercising patient, suitable transducers and signal-conditioning 

equipment must be included in the transmitter unit, along with the provision for 

multiplexing to accommodate the additional channels.  

 In general, the receiver and other equipment used for conditioning and displaying the 

signals received from the exercising patient are located very near the patient. Thus, the 

transmitter can operate with low power.  

 The receiver must be able to retrieve the ECG and any other information transmitted, in 

addition to providing appropriate signals to the remainder of the instrumentation system. 


