Electronics: The History and Basics of Sonar
   This is the first part in a series of articles on Electronics from the basics to most advanced features. In this article we will cover the history and basics of sonar. 
   Sonar is an acronym for SOund NAvigation and Ranging. The history of the use of sound underwater to determine distance can be dated all the way back to Leonardo Di Vinci in 1490 when he wrote, “If you cause your ship to stop, and place the head of a long tube in the water and place the other side of the tube to your ear, you will hear ships a great distance from you.” The next reference to sonar can be seen in 1822 when Daniel Colladon used an underwater bell to calculate the speed of sound underwater. This led to more research and the modern day use of sonar. Sonar became very important during World War I for use in detecting submarines. Lewis Nixon is credited as developing the first sonar listening device to detect icebergs, in 1906. 
   There are two types of sonar: Active and Passive. Passive sonar listens for sound without transmitting. Active sonar uses pulses of electrical sound waves and then listens for the pulse to return. This is the sonar technology that modern day fish finders use.  There are many types of sonar used around the world. Sonar is not only used to help us locate fish, but to navigate, find enemies in the military, locate lost treasures and many other uses. From here on we will focus on the sonar used in the fishing industry for locating fish and for navigation purposes. 
The Basic Equipment:

   Active sonar systems consist of a transmitter, transducer, receiver and display. The transmitter creates electrical pulses and sends them to the transducer which transforms the pulses into sound waves. The sound waves travel at approximately 4800 feet per second underwater. (Speed of Sound Underwater – varies by salinity, depth and water temperature) Sound waves are transmitted many times each second. Once the sound waves strikes an object; being the bottom, a tree or fish, it returns or echoes back upwards through the water column. Where the transducer receives and converts the sound wave back into an electrical signal, then it is processed by the receiver. The data is then sent to the display. A display can be a flasher or the modern LCR screen and the information is displayed. A flasher will show a short flash of light at the translated range. On a LCR screen a pixel or unit of the screen is colored. The sonar unit translates the distance the sound wave traveled to determine the distance and where to map the data on the screen. 
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Modern Day Display (Humminbird 787C2)

Displays: The flasher was the first type of sonar used in this industry and was widely accepted. The flasher only showed the most recent translated data, often stated as real time data. This term was used because no historical data was displayed. To see changes in structure one must continually watch a flasher to see these changes. The flasher has been replaced with the LCR or Liquid Crystal Readout display. They come in a variety of shapes and sizes. The screen of a LCR is made of numerous small squares or pixels. Vertical pixels are used to measure the distance in depth, while horizontal pixels are used to record history. Pixel counts have grown greater and greater every year, providing more and more detailed images. Today’s units are either monochrome (black and white) or color units. We will get into the color shades or variations in the more advanced article. The data on the right side of the screen is the real-time data and to the left is the historical data. LCR displays allow the user to see more than just current data.
   Understanding pixel counts is important in understanding the data returned. Vertical pixels are important in drawing a picture of the bottom. To understand this better, we will assume we are 100 feet of water if you had a 100 vertical pixel count display each pixel would present each foot of distance. If the sonar returned the information that the depth was 100 feet the bottom or number 100 pixel would be colored. With higher vertical pixel counts the representation of each pixel becomes smaller. In the same 100 foot with a 200 pixel display each pixel would represent a half a foot. Today’s modern graph like the Humminbird 787C2 unit with 640 vertical pixel, each pixel at 100 feet would represent 1.875 inches, giving you a very high detailed image. In shallower water the pixel represent less distance and in deeper water the pixel represents more distance. 
Depth / Vertical Pixel = X 
then take 
12 times X = Area of Coverage
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Modern Day Transducer (Humminbird Skimmer Transducer)

Transducer: There many types and styles of transducers used in fish finders. Each have there purpose, but transducer features are very similar amongst all transducers. A transducer features a crystal which transforms electrical pulses into sound waves and it has the same ability to transform sound waves back into electrical pulses. The frequency of the sound waves must match the transmitter and receiver. There are a variety of frequencies used within the industry; and they can be classified into two categories Low and High Frequency. Low Frequency 50 to 100 KHz units are used to penetrate deeper depths and wider areas of coverage. This is due to the natural ability of water to absorb sound waves. High Frequency sounds waves absorb faster than low frequency sound waves. High Frequency 150 to 200 KHz are used for shallower depths and narrow areas of coverage. High frequency, sound waves gives the user better target separation and allows the display the ability to plot multiple fish instead of a single blob. When a pulse of sound is transmitted out of the transducer, the width of the sound wave increases as the depth penetration increases in a cone shaped pattern. This is where the term cone angle has become associated with transducers.  
[image: image3.png]SINGLE BEAM




[image: image4.png]DUAL BEAM




Cone Angle Single Narrow and Dual Combination Beam
   Wide versus Narrow cone angle is a common question and there are benefits to both types. Wide cone angles provide a wide area of coverage but the depth penetration is limited for the same frequency and power input. A Narrow cone angler provides greater depth penetration but the area of coverage is reduced. Each type has its benefit to fishermen and disadvantages. A Wide cone angle provides great coverage area in shallow water but when you get to deep water the area of coverage may be greater than desired. A Narrow cone angle provides better structure detail in deep water but the area of coverage is very small in shallow water. A typical narrow beam transducer is 20 degrees; the area of coverage is 1/3 the depth, so in 30 foot of water the coverage area is 10 foot. A wide beam transducer, like a 60 degree transducer; the coverage area is one for one, so in 30 foot of water, the area of coverage area is 30 feet. Some manufacturer’s like Humminbird offer a dual beam transducer giving the variability and advantages of both narrow and wide cone angles in a single transducer.
   The final component for the total performance package is Power. Power is the amount of energy transmitted to the crystal at a given frequency. The higher the power, the deeper the penetration into the water column. Power is rated in watts and will be referred to as peak-to-peak or RMS (Root Mean Square: a formula for describing the DC voltage to produce the power effect in AC voltage). When comparing electronics make sure you are comparing the same type wattage. The higher the power the better the return signal which provides better fish, bait fish and structure finding capabilities of the sonar.  Power is very important in the total sonar equation. The performance of any fish finder is a balance of proper cone angle, power and frequency.
Conclusion: These are the basic components that are used to build a sonar or fish finder. It takes a combination of these components for the sonar to perform. Manufacturers test and develop the components for optimum performance. Sonar is very useful in fishing as a tool to not only to locate depth but locate fish and underwater structure. There are many different styles, sizes and qualities in fish finders, check into www.mao.com as we go more in-depth into the features and advanced uses of sonar. 

