	Veterinary Presentation: Physical Exam

	Teacher Background Information
	Sound, Waves, and the Electromagnetic Spectrum


	Physical Exam: Body Sounds, Tutorial



The Nature of Sound
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Waves

The word “wave” refers to physical phenomena that repeat, more or less continuously. You know about waves in water, such as ocean waves: the water rolls into shore, then rolls back, then rolls in again, then rolls back and so on. The interval (also called “period”) between the peaks of each ocean wave is usually not the same. Such waves are called “aperiodic,” because the period is not identical for each wave. Periodic waves have identical periods. Also, we know from common experience that the size of each ocean wave is not the same. Some are great for surfing; others you let go by because they are too small to be much fun.  

	

	Note the aperiodic nature of these waves (that is, the interval between any two waves is not the same). 
Courtesy : http://web.vims.edu/cop/images/Waves.jpg?svr=www

	Aperiodic Waves
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Source : http://www.indiana.edu
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Periodic Waves

Source : http://www.casellausa.com/en/images/help/sine_waves.jpg


Another type of wave is the electromagnetic wave. These include radio waves, microwaves, visible light waves, X-rays, gamma rays, and cosmic rays. These waves are so small and rapid that we cannot see these individual waves; we can only detect them as a group of individual waves.  

Longitudinal Waves:

In a longitudinal wave, the particle displacement is parallel to the direction of wave propagation (direction of wave movement). The animation below shows a one-dimensional longitudinal plane wave propagating down a tube. The particles do not move down the tube with the wave; they simply oscillate back and forth about their individual equilibrium positions. Pick a single particle and watch its motion. The wave is seen as the motion of the compressed region (i.e., it is a pressure wave), which moves from left to right.

https://tenor.com/view/longitudinal-wave-transverse-waves-waves-gif-13936583
Transverse Waves:

In a transverse wave the particle displacement is perpendicular to the direction of wave propagation. The animation below shows a one-dimensional transverse plane wave propagating from left to right. The particles do not move along with the wave; they simply oscillate up and down about their individual equilibrium positions as the wave passes by. Pick a single particle and watch its motion.

https://tenor.com/view/longitudinal-wave-transverse-waves-waves-gif-13936583
[image: image4.wmf]
Electromagnetic Waves

Between 1830 and 1870, James Clerk Maxwell figured out that electricity, magnetism, and light were all related, and he developed a theory that helps to explain it all. He noted that they all traveled at the same speed, the speed of light (300,000 kilometers/sec).

The most commonly thought of group of electromagnetic waves is light waves. However, there are many different kinds of waves, other than just light waves, in a broad range known as the electromagnetic spectrum (see picture below). This range encompasses high frequency waves down to low frequency waves (frequency is how many waves are made per time interval, usually per second). The waves of different frequencies have different properties. Visible light is only a small range of frequency in the large electromagnetic spectrum. Other forms of energy such as radio waves, microwaves, infrared and ultraviolet light, and X-rays, all correspond to different frequencies in the electromagnetic spectrum. Our eyes are only able to [image: image5.jpg]‘High Froquency Wave.
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detect waves in the frequency range of visible light, not other portions of the spectrum.  
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	Courtesy NASA: http://science.hq.nasa.gov/kids/imagers/ems/visible.html


The color, of course, is not in the light waves. Color is a perception in our mind and results because our eyes have pigments that absorb different light frequencies. Cells in the retina inform cells in the brain that a certain frequency of light has been detected and absorbed by the eye pigment. The brain cells interpret this information and tell us what color we are seeing. Thus, what starts out as different frequencies of light is perceived as different colors because of the way our eyes interact with light.

For illustrations and more explanation, go to the NASA Web sites at https://imagine.gsfc.nasa.gov/science/index.html
Sound Waves
“We hear radio waves,” you say, “and therefore sound must be an electromagnetic wave.”  No, that is wrong. We only hear radio waves when they have been converted by into pressure waves (vibrations) that are driven by speakers in our radios. Our ears then pick up the pressure waves from the radios and hi-fi sets.  
A major difference between sound waves and electromagnetic waves is demonstrated in a classic experiment you might be able to do, if your school has a vacuum pump. If you put a ticking clock inside a sealed glass jar and then pump out the air, you no longer can hear the clock, but you can still see the clock and the moving hands. “So what?” you might ask. This turns out to be a major discovery. It means that sound has to have a medium (air, in this case) in which to travel through. Light does not. It also means that sound waves and light waves are not the same “kind of stuff.”  

Sound waves come from periodic pulses of pressure in air or any medium that can conduct sound (such as air, water or metal). Sound travels at a uniform speed, but much slower than electromagnetic waves. The speed of sound depends on the material the sound is traveling through. In air, the speed is 343 meters/second, whereas it is 1482 meters/second in water and 5960 meters/second in steel.

Like light, sound waves do have different frequencies, but the range of sound frequency includes lower frequencies than the range of electromagnetic frequencies. Low-frequency sounds are interpreted in our ears and brain as low notes, whereas high-frequency sounds are interpreted as high notes.
	Low Frequency Sound Waves
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Visible light waves are the only electromagnetic waves we can see. We see these waves as the colors of the rainbow. Each color has
a different wavelength. Red has the longest wavelength and violet has the shortestwavelength. When all the waves are seen together,
they make white light.

When white light shines through a prism, the white light is broken apart into the colors of the visible light spectrum. Water vapor in the,
atmosphere can also break apart wavelsngths creating a rainbow.

Each color in a rainbow cortesponds to a different wavelength of electromagnetic spectrum
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	High Frequency Sound Waves




The sound-wave frequencies that humans can hear are usually in the range of 50 to about 18,000 waves per second. As people get older, they lose some ability to hear, especially the higher frequencies. Some animals have a much wider range of hearing. Dogs, for example, can hear frequencies up to 60,000 waves per second.

Movements of fluid or air inside the body can create sounds. For example, when you breathe in and out, the flowing air makes a faint noise as it rushes through the series of tubes that make up the airway (trachea, bronchi, bronchioles — see https://vetmed.tamu.edu/peer/organ-systems/). Sounds are produced from the heart as the blood bangs into the heart valves and from arteries as blood is pumped from the heart. Digestive tract sounds come from the movement of gas and liquids.

Listening to body sounds is called “auscultation.” Some typical bodily sounds include:

· Bruits: a blowing or rushing sound that blood makes when it rushes past an obstruction; most often noticed over partially plugged carotid arteries in the neck
· Murmurs: a soft, muffled sound associated with leaky heart valves

· Wheezes: a low-pitched, rasping sound, associated commonly with asthma, as air moves in and out of the bronchioles
· Crackles: a wheezy sound with popping noises commonly associated with pneumonia
· Gurgles: sounds common in bowel noises; too few or too many such sounds can indicate a health problem in the intestines
You can listen to normal and abnormal heart sounds at https://www.easyauscultation.com/listen-to-heart-sounds.

You can listen to abnormal breathing sounds at https://www.easyauscultation.com/lung-sounds.
Stethoscopes

Bodily sounds are typically monitored by a stethoscope, an instrument that basically has a diaphragm at one end that will vibrate in response to body sounds, and that vibration is coupled by way of air-filled tubes at the other end. You can read about the history of how the stethoscope was developed at https://www.learning-history.com/history-stethoscope-historical-events/. To see pictures, Google search “stethoscope photos.”

Stethoscopes have a “bell” that captures the sound pressure wave from the body and conducts it through air that is trapped inside the tubing of the stethoscope and up to our ears. Large bells, for example, are best for detecting rumbles. Small bells are best for detecting bruits. The pulsating air in the tubing eventually is conducted by way of the stethoscope ear pieces into the air of the outer ear. Bells contain a diaphragm that can vibrate in response to certain sound frequencies and transmit them to the ear. 

This brings up the notion of signal-to-noise ratio. Signal, in this case, refers to the sounds you want to hear, and noise refers to the sounds you do not want to hear. Diaphragms can be designed to improve the signal-to-noise ration by rejecting certain low frequency sounds that have no medical significance and pass along higher-frequency sounds that are medically important.

Ultrasonography

This is a diagnostic technique that uses high-frequency sound (that you cannot hear) to create images of body organs. The image is created by a moving sound stream that scans the target tissue. As the sound bounces back as an echo, it can be processed to create an image.

Common uses include monitoring of heart movements during drug-induced stress tests and detection of fetus development.

More details can be found at http://en.wikipedia.org/wiki/Medical_ultrasonography#Receiving_the_echoes .

What you should look for in this reading:


What are waves?


Compare periodic and aperiodic waves


What is the electromagnetic spectrum?


What are sound waves?


What is frequency and how does it relate to what you hear?


What is the basic idea behind the construction of stethoscopes?


What is “signal-to-noise ratio?”


What is ultrasonography and what is it used for?
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