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			Preface

			Some years ago I had written a book directed to anyone who designs electronic and electric circuits. Engineers, technicians, teachers, students and hobbyists took a real benefit from that book. The original book is now out of print, being available only used issues. Since the book is very useful, the author decided to review the old edition, add new content and so create a new book for anyone who need a fast access to formulas, tables and calculations when designing his projects or solving a problem.

			 The author, who has himself designed multitudes of projects and circuits during his life, publishing many books and hundreds of articles in electronics magazines and teaching electronics, has collected an assortment of all basic information necessary for calculations needed when designing new projects or solving a problem. 

			More part of these formulas and calculations is now in the author´s site at www.newtoncbraga.com. The site also has versions in Portuguese (www.newtoncbraga.com.br) and in Spanish (www.incb.com.mx). 

			In the site the reader will also find practical examples in projects or articles where many of the formulas shown in this book are used.

			When starting a project or solving a problem the main difficulty the designer or student founds is how to locate the desired information. This information is normally spread over a large number of resources, such as books, handbooks, Internet, and magazine articles.

			Although many of us who are experienced in electronics have in mind the principal formulas, we sometimes have trouble with the forgotten constant, multiplication factor or exponent. Finding these values is sometimes difficult depending of the circumstances, such as where you are at the time, or the amount of resources at your disposal.

			By putting the principal formulas and tables in a unique place, a designer can find the desired information easier, and, more importantly, can take this information wherever he goes. 

			And with the aid of the new technologies, the information can be accessed by a tablet, Smartphone or a laptop, if you have the virtual version. This is the aim of this book.

			But formulas and tables are not useful only when designing a new configuration. They are necessary when we need to know what happen when a specific working circuit is altered, for the electronic student doing homework or the researchers in other fields who work with electronic equipment.

			The tables contain a large amount of important information, such as particular values of constants, physical properties of circuits and materials, and even calculated values that can´t be found without using complex or hard-to-do procedures.

			Finally, we have laws and theorems describing the properties of circuits and devices, and procedures to be used in calculations, which are very important when doing practical works.

			Most of the formulas and tables are accompanied by application examples. They are very important to show the reader how the calculations are made when using the given information. To avoid problems with incorrect results, in all formulas and applications the units to be used are indicated.

			The formulas range from the simplest, where elementary arithmetic operations such as sum, subtraction, multiplication and division, are used, to the more complex that require some good working knowledge of algebraic and trigonometric functions, or even differential and integral calculus.

			Although mathematics is an exact science, when some calculations are applied to other sciences and in “real-life” electronics, the results can be different from the expected. When making calculations involving electronic circuits, it is often said that “When working with electronics, practice and theory often disagree.”

			This means that in many cases the results found in calculations will need some “adjustments” when applied to an actual application.

			This fact is applicable even to the tolerances of the electronic components used in practical applications, plus the fact that many formulas are not exact, but empirical.

			But why use an exact formula, including complex logarithms, trigonometric functions or differential equations, if we can get results good enorgh to make a circuit work by using a reduced formula?

			In many stages of the design process, the results will depend on the tolerance of the components used.

			This explains why in many cases we´ll not give the exact formula but an empirical formula, where the “complex part” of the calculations will be reduced to a constant, or even eliminated.

			This means that this book is not an advanced resource for engineers or researches that need a very accurate result in their calculation. We can consider that in many cases the formulas are empiric, i.e. giving approximate results, but good enough to put a project to work.

			About the units – the preference is the use of the decimal system or International Units System (SI - Système International d´Unités). Only in the cases where conversion formulas and tables are given will other units appear. The notations will be that recommended by NIST (National Institute of Standards and Technology), but in some cases, to make easier the use  by reader less experienced with calculations, some “non-conventional” notations can be found.

			Although the preferred symbol to indicate multiplication operations is the “x”, in some cases we also use the bullet (*) or even the point (.).

			The tables were obtained from different sources – physics handbooks, engineering books, manufacturers and technical documentation were consulted. As for composition of materials, the calculation procedures can change from one manufacturer to another, so small differences in the tabulated values will be found if comparing to other resources.

			Many tables were calculated by the author using software created to the task.

			Using the book is very easy. The formulas are distributed in groups according to subject, and all the reader needs is a calculator (in your cellular or computer) and a piece of paper to work. A scientific calculator or math software in your computer, tablet or even Smartphone is recommended if trigonometric functions or logarithms are used.

			The most important point of this introduction is that this Handbook can become an important tool for everyone who works with electricity and electronics – from students and hobbyists for researchers, teachers and engineers. Anyone in need of practical information o formulas and calculations as applied to electricity and electronics will find this book indispensable.

			Newton C. Braga (2016)

			 

			P.S. The original version for this book is out of print and had another tittle. The version has new formulas and new examples consisting in a new book.

			In this volume:

			Formulas for DC circuits

			Formulas for AC circuits

			Electronic circuits

			Transistors

			Basic formulas for transistor circuits

			JFETs and MOSFETs

			Formulas for oscillators

			 

			 

		

	
		
			SI Unit rules and style conventions

			 

			General	- Only units of the SI and those units recognized for use with the SI are used to express the values of quantities. Equivalent values in other units are given in parentheses following values in acceptable units only when deemed necessary for the intended audience. 

			 

			Abbreviations - Abbreviations such as sec, cc, or mps are avoided and only standard unit symbols, prefix symbols, unit names, and prefix names are used. 

			Proper:	s or second; cm3 or cubic centimeter; m/s or meter per second

			Improper: sec; cc; mps

			 

			Plurals - Unit symbols are unaltered in the plural.

			Proper: 	l = 75 cm

			Improper: l = 75 cms

			 

			 

			Punctuation - Unit symbols are not followed by a period unless at the end of a sentence.

			Proper: 	The length of the bar is 75 cm. The bar is 75 cm long.

			Improper:  The bar is 75 cm. Long.

			 

			Multiplication & division	 - A space or half-high dot is used to signify the multiplication of units. A solidus (i.e., slash), horizontal line, or negative exponent is used to signify the division of units. The solidus must not be repeated on the same line unless parentheses are used.

			Proper: 	The speed of sound is about 344 m·s-1 (meters per second)

					The decay rate of 113Cs is about 21 ms-1 (reciprocal milliseconds) m/s,  m·s-2,  m·kg/(s3·A),  m·kg·s-3·A-1 m/s,  m s-2,  m kg/(s3 A),  m kg s-3 A-1

			Improper: The speed of sound is about 344 ms-1 (reciprocal milliseconds) - The decay rate of 113Cs is about 21 m·s-1 (meters per second) m ÷ s, m/s/s, m·kg/s3/A

			 

			Typeface - Variables and quantity symbols are in italic type. Unit symbols are in roman type. Numbers should generally be written in roman type. These rules apply irrespective of the typeface used in the surrounding text. For more details, see Typefaces for symbols in scientific manuscripts

			Proper: 	She exclaimed, “That dog weighs 10 kg!” 

					t = 3 s, where t is time and s is second

					T = 22 K, where T is thermodynamic temperature, and K is kelvin

			Improper: He exclaimed, “That dog weighs 10 kg! 

					t = 3 s, where t is time and s is second

					T = 22 K, where T is thermodynamic temperature, and K is kelvin

			 

			Typeface - Superscripts and subscripts are in italic type if they represent variables, quantities, or running numbers. They are in roman type if they are descriptive. 

			 

			
				
					
					
					
				
				
					
							
							subscript category
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							proper usage

						
					

					
							
							quantity

						
							
							italic

						
							
							cp, specific heat capacity at constant pressure 

						
					

					
							
							descriptive

						
							
							roman

						
							
							mp, mass of a proton

						
					

					
							
							running number

						
							
							italic
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			Abbreviations - The combinations of letters “ppm,” “ppb,” and “ppt,” and the terms part per million, part per billion, and part per trillion, and the like, are not used to express the values of quantities.

			Proper:	2.0 µL/L; 2.0 x 10-6 V; 4.3 nm/m; 4.3 x 10-9 l; 7 ps/s; 7 x 10-12 t, where V, l, and t are the quantity symbols for volume, length, and time. 

			Improper: “ppm,” “ppb,” and “ppt,” and the terms part per million, part per billion, and part per trillion, and the like

			 

			Unit modifications - Unit symbols (or names) are not modified by the addition of subscripts or other information. The following forms, for example, are used instead.

			Proper:	Vmax = 1 000 V a mass fraction of 10 % 

			Improper: V= 1 000 Vmax 10 % (m/m) or 10 % (by weight)

			 

			Percent - The symbol % is used to represent simply the number 0.01. 	

			Proper: l1 = l2(1 + 0.2 %), or D = 0.2 %,  where D is defined by the relation D = (l1 - l2)/l2. 

			Improper: the length l1 exceeds the length l2 by 0.2 %

			 

				

			Information & units - Information is not mixed with unit symbols or names. 

			Proper:	the water content is 20 mL/kg

			Improper: 20 mL H2O/ kg - 20 mL of water/ kg

			 

			Math notation - It is clear to which unit symbol a numerical value belongs and which mathematical operation applies to the value of a quantity.

			Proper: 35 cm x 48 cm  - 1 MHz to 10 MHz or (1 to 10) MHz - 20 °C to 30 °C or (20 to 30) °C  - 123 g ± 2 g or (123 ± 2) g  - 70 % ± 5 % or (70 ± 5) %  - 240 x (1 ± 10 %) V 

			Improper: 35 x 48 cm - 1 MHz-10 MHz or 1 to 10 MHz - 20 °C-30 °C or 20 to 30 °C - 123 ± 2 g - 70 ± 5 % - 240 V ± 10 % (one cannot add 240 V and 10 %)

			 

			Unit symbols & names - Unit symbols and unit names are not mixed and mathematical operations are not applied to unit names. 

			Proper:	kg/m3, kg · m-3, or kilogram per cubic meter 

			Improper: kilogram/m3, kg/cubic meter, kilogram/cubic meter, kg per m3, or kilogram per meter3. 

			 

			Numerals & unit symbols - Values of quantities are expressed in acceptable units using Arabic numerals and symbols for units. 	

			Proper: m = 5 kg the current was 15 A 	

			Improper: m = five kilograms / m = five kg the current was 15 amperes

				

			Unit spacing - There is a space between the numerical value and unit symbol, even when the value is used in an adjectival sense, except in the case of superscript units for plane angle. 	

			Proper:	a 25 kg sphere an angle of 2° 3’ 4” - If the spelled-out name of a unit is used, the normal rules of English apply: “a roll of 35-millimeter film.” 	

			Improper: a 25-kg sphere an angle of 2 ° 3 ‘ 4”	

			 

			Digit spacing - The digits of numerical values having more than four digits on either side of the decimal marker are separated into groups of three using a thin, fixed space counting from both the left and right of the decimal marker. Commas are not used to separate digits into groups of three. 

			Proper: 	15 739.012 53

			Improper: 15739.01253 - 15,739.012 53

			 

			Quantity equations - Equations between quantities are used in preference to equations between numerical values, and symbols representing numerical values are different from symbols representing the corresponding quantities. When a numerical-value equation is used, it is properly written and the corresponding quantity equation is given where possible. 

			Proper:	(l/m) = 3.6-1 [v/(km/h)](t/s)

			Improper: l = 3.6-1 vt, accompanied by text saying, “where l is in meters, v is in kilometers per hour, and t is in seconds”

			 

			Standard symbols - Standardized quantity symbols are used. Similarly, standardized mathematical signs and symbols are used. More specifically, the base of “log” in equations is specified when required by writing loga x (meaning log to the base aof x), lb x (meaning log2 x), ln x (meaning loge x), or lg x (meaning log10 x). 

			Proper:	tan x R for resistance Ar for relative atomic mass

			Improper: tg x for tangent of x words, acronyms, or ad hoc groups of letters

			 

			Weight vs. mass - When the word “weight” is used, the intended meaning is clear. (In science and technology, weight is a force, for which the SI unit is the newton; in commerce and everyday use, weight is usually a synonym for mass, for which the SI unit is the kilogram.) 

			 

			Quotient quantity - A quotient quantity is written explicitly.

			Proper:	mass divided by volume

			Improper:	mass per unit volume

			 

			Object & quantity - An object and any quantity describing the object are distinguished. (Note the difference between “surface” and “area,” “body” and “mass,” “resistor” and “resistance,” “coil” and “inductance.”) 

			Proper: A body of mass 5 g

			Improper: A mass of 5 g

			 

			Obsolete Terms - The obsolete terms normality, molarity, and molal and their symbols N, M, and m are not used.

			Proper:	amount-of-substance concentration of B (more commonly called concentration of B), and its symbol cB and SI unit mol/m3 (or a related acceptable unit) molality of solute B, and its symbol bB or mB and SI unit mol/kg (or a related unit of the SI)

			Improper: normality and the symbol N, molarity and the symbol M molal and the symbol m

			 

			 

		

	
		
			Part 1 - DC Formulas

			 

			1. Units

			1.1 - SI Units

			Basic units in the International System of Units (Système International d´Unités) or SI adopted in the Conference Générale des Poids et Measures in 1960. These units define twenty-two named units and many more derived units. The system also includes a set of twenty prefixes to the unit names and unit symbols used with multiples and fractions of the units.

			They are:

			Table 1

			
				
					
					
					
				
				
					
							
							Quantity

						
							
							Unit

						
							
							Symbol

						
					

					
							
							Length

						
							
							Meter

						
							
							m

						
					

					
							
							Mass

						
							
							Kilogram

						
							
							Kg

						
					

					
							
							Time

						
							
							second

						
							
							s

						
					

					
							
							electric current

						
							
							ampere

						
							
							A

						
					

					
							
							Temperature

						
							
							Kelvin

						
							
							K

						
					

					
							
							luminous intensity

						
							
							candela

						
							
							cd

						
					

					
							
							Amount of substance

						
							
							mole

						
							
							Mol

						
					

				
			

			

			 

			Other basic electric units are:

			 

			Table 2

			
				
					
					
					
					
				
				
					
							
							Unit

						
							
							Symbol

						
							
							Quantity

						
							
							Additional Information

						
					

					
							
							Ampere

						
							
							A

						
							
							Electric current

						
							
							-

						
					

					
							
							Ampere-hour

							R

						
							
							Ah

						
							
							Electric energy

						
							
							-

						
					

					
							
							Ampere-turn

						
							
							At

						
							
							Magnetic-field intensity

						
							
							Is a CGS unit – The Oesterd is preferred

						
					

					
							
							Bel

						
							
							B

						
							
							Audio Power level

						
							
							-

						
					

					
							
							Colomb

						
							
							C

						
							
							Electric charge

						
							
							-

						
					

					
							
							Cycle per second

						
							
							c/s

						
							
							Frequency

						
							
							Not used – the Hertz (Hz) is accepted for this unit 

						
					

					
							
							Decibel

						
							
							dB

						
							
							Audio Power level

						
							
							-

						
					

					
							
							Decibel – refered to 1 mW

						
							
							dBm

						
							
							Audio Power level

						
							
							-

						
					

					
							
							Farad

						
							
							F

						
							
							Capacitance

						
							
							-

						
					

					
							
							Gauss

						
							
							G

						
							
							Magnetic induction

						
							
							Is a CGS unit. SI adopted the Tesla (T).

						
					

					
							
							Gilbert

						
							
							Gb

						
							
							Magnetomotive force

						
							
							Is a CGS unit. The SI unit is the amperes/turn or ampere

						
					

					
							
							Henry

						
							
							H

						
							
							Indutance

						
							
							-

						
					

					
							
							Hertz

						
							
							Hz

						
							
							Frequency

						
							
							-

						
					

					
							
							Horsepower

						
							
							hp

						
							
							Power

						
							
							It isn´t a SI unit, but is used in many practical applications. The unit used in SI is the watt.

						
					

					
							
							Maxwell

						
							
							Mx

						
							
							Magnetic flux

						
							
							This is a CGS electromagnetic unit. SI adopted the Weber.

						
					

					
							
							Mho

						
							
							mho

						
							
							Electric Condutance

						
							
							The EC adopted the Siemens (S) as unit of condutance

						
					

					
							
							Oersted 

						
							
							Os

						
							
							Magnetic Field Intensity

						
							
							This is a electromagnetic CGS unit of magnetic field strenggth. SI adopted the amperes per meter (A/m)

						
					

					
							
							Ohm

						
							
							Ω

						
							
							Electric resistance

						
							
							-

						
					

					
							
							Revolutions per minute

						
							
							rpm or r/m

						
							
							 

						
							
							rpm is used but not recommended

						
					

					
							
							Siemens

						
							
							S

						
							
							Electric conductance

						
							
							mho can be found in old publications

						
					

					
							
							Volt

						
							
							V

						
							
							Electric Potential

						
							
							-

						
					

					
							
							Watt

						
							
							W

						
							
							Electric Power 

						
							
							-

						
					

					
							
							Watt-hour

						
							
							Wh

						
							
							Electric Energy

						
							
							-

						
					

					
							
							Weber

						
							
							Wb

						
							
							Magnetic Flux 

						
							
							1 Wb = 1 V.s

						
					

				
			

			

			 

			Table 3 - Metric prefixes (Greek) used in the SI to express multiples and submultiples of the units above (and others).

			
				
					
					
					
				
				
					
							
							Value (multiply by)

						
							
							Prefix

						
							
							Symbol

						
					

					
							
							1024

						
							
							Yotta

						
							
							Y

						
					

					
							
							1021

						
							
							Zetta

						
							
							Z

						
					

					
							
							1018

						
							
							Exa

						
							
							E

						
					

					
							
							1015

						
							
							Peta

						
							
							P

						
					

					
							
							1012

						
							
							Tera

						
							
							T

						
					

					
							
							109

						
							
							Giga

						
							
							G

						
					

					
							
							106

						
							
							Mega

						
							
							M

						
					

					
							
							103

						
							
							Kilo

						
							
							k

						
					

					
							
							102

						
							
							Hecto

						
							
							h

						
					

					
							
							10

						
							
							Deca

						
							
							da

						
					

					
							
							10-1

						
							
							Deci

						
							
							d

						
					

					
							
							10-2

						
							
							Centi

						
							
							c

						
					

					
							
							10-3

						
							
							Mili

						
							
							m

						
					

					
							
							10-6

						
							
							Micro

						
							
							μ

						
					

					
							
							10-9

						
							
							Nano

						
							
							n

						
					

					
							
							10-12

						
							
							Pico

						
							
							P

						
					

					
							
							10-15

						
							
							Femto

						
							
							F

						
					

					
							
							10-18

						
							
							Atto

						
							
							A

						
					

					
							
							10-21

						
							
							Zepto

						
							
							Z

						
					

					
							
							10-24

						
							
							Yocto

						
							
							Y

						
					

				
			

			

			 

			 

			Table 4 - Conversion Table and Applied Electric Units

			
				
					
					
					
				
				
					
							
							When Converting

						
							
							Into

						
							
							Multiply by:

						
					

					
							
							Amperes/sq.centimeters 

						
							
							Amperes/sq.inches

						
							
							6.452

						
					

					
							
							Amperes/sq.inches

						
							
							Amperes/sq.centimeters

						
							
							0.1550

						
					

					
							
							Amperes-hour 

						
							
							Coulombs 

						
							
							3600

						
					

					
							
							Amperes-hour

						
							
							Faradays 

						
							
							0.03731

						
					

					
							
							Amperes-turn

						
							
							Gilberts 

						
							
							1 257

						
					

					
							
							Amperes-turn/cm

						
							
							Amperes-turn/inches

						
							
							2.540

						
					

					
							
							Amperes-turn/inches

						
							
							Amperes-turn/cm

						
							
							0.3937

						
					

					
							
							Coulombs 

						
							
							Faradays 

						
							
							1.036 x 10-5

						
					

					
							
							Coulombs 

						
							
							Statcoulombs 

						
							
							2.998 x 109

						
					

					
							
							Coulombs/sq cm

						
							
							Coulombs/sq in

						
							
							6.452

						
					

					
							
							Coulombs/sq in

						
							
							Coulombs/sq cm

						
							
							0.1550

						
					

					
							
							Gauss 

						
							
							Lines/sq in

						
							
							6.452

						
					

					
							
							Gauss 

						
							
							Webers/sq cm

						
							
							10-8

						
					

					
							
							Gauss 

						
							
							Webers/sq in

						
							
							6.452 x 10-8

						
					

					
							
							Gilberts 

						
							
							Amperes-turn

						
							
							0.7958

						
					

					
							
							Gilberts/cm

						
							
							Amperes-turn/cm

						
							
							0.7958

						
					

					
							
							Gilberts/cm 

						
							
							Amperes-turn/in

						
							
							2.021

						
					

					
							
							Kilowatts

						
							
							Btu/min

						
							
							56.92

						
					

					
							
							Kilowatts

						
							
							Horsepower

						
							
							1.341

						
					

					
							
							Kilowatts-hour

						
							
							Joules

						
							
							3,6 x 106

						
					

					
							
							Kilowatts-hour

						
							
							Btu

						
							
							3 ,13

						
					

					
							
							Kilowatts-hour 

						
							
							Gram-calories

						
							
							859 850

						
					

					
							
							Ohm (International)

						
							
							ohm (Absolute)

						
							
							1.0005

						
					

					
							
							Volt/in

						
							
							Volt/cm

						
							
							0.3937

						
					

					
							
							Webers 

						
							
							Maxwells 

						
							
							108

						
					

					
							
							Webers/sq in

						
							
							Gauss

						
							
							1.550 x 107

						
					

					
							
							Webers/sq meter

						
							
							Gauss

						
							
							104
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