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Basic Soldering

Goal: When you have completed this chapter, you will have gained an appreciation and understanding of the reasons for using solder and the techniques of safely and effectively soldering and desoldering.

Objectives


	Choose the soldering station that is right for you.

	Practice safety while soldering, and be prepared with first aid if needed.

	Prepare the soldering iron and its station for use.

	Solder joints that are smooth, strong, and bright.

	Desolder joints cleanly with the pump and braid.

	Solder wires to a battery clip for use in later studies.




How Soldering Works

Solder provides a very solid connection that is not subject to vibration or most other physical trauma. It is fairly easily reversible, so components can be removed. Soldering is a basic skill in electronics. It is used for making cables, in assembling new equipment, and in making repairs. A soldered connection is called a joint, as shown in figure 1-1.

Old-fashioned solder is an alloy (mixture) of tin and lead, typically about 60% tin and 40% lead. It melts at a temperature of about 400ºF. Solder used for electronics is available in many forms, but in most cases we use a thin wire form, as shown in figure 1-2.


[image: Figure 1-1.]
Figure 1-1.
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Figure 1-2.



Coating a surface with solder is called tinning because of the tin content of solder. Lead is poisonous, so you should always wash your hands after using solder. There is a common misconception that soldering generates lead fumes that you will breath. This is incorrect. Lead doesn’t boil until it reaches a temperature of over 3000ºF, which we’re not even close to with a soldering iron at 750ºF.

Because of the toxicity of lead, electronics with lead solder are being phased out. As of 2006, the European Union requires compliance with the Restriction of Hazardous Substances (RoHS) rules. These rules are broad reaching and have been felt in every aspect of electronics component manufacture. In particular, RoHS eliminates the use of all lead in electronics. While many electronics manufacturers and components makers are still using lead solder because of its ease of use and other qualities, it is fairly certain that almost all lead will be gone from the electronics world in the next few decades.

The big problem with eliminating lead from solder is the question of what to replace it with. The reason that lead was used in the first place is that it works so well and it is relatively inexpensive. It melts easily when mixed with tin, and it solidifies with a smooth finish. It also prevents the formation of “tin whiskers,” which are fine hairs of tin that spontaneously grow from the soldered surface. Lead-free solders have higher melting points, and their joints look pitted and rough. They still work well, but it’s harder to tell the difference between a good joint and a bad joint. It is also more difficult to keep the soldering iron tip tinned properly so that the solder flows easily. Lead-free solder is more expensive because of the costlier metals that are substituted for lead.


Flux

Solder for electronics contains tiny cores of flux. This flux chemically cleans the metal surfaces as the solder melts. Flux is corrosive, like an acid, when it is activated by heat. This is why you must melt the solder onto the joint, not on the iron tip. Without flux, most joints would fail (if they could be joined at all), because metals oxidize quickly, and the solder will not flow properly onto a dirty, oxidized metal surface. A badly corroded or oily surface will not let solder stick to it at all, regardless of the action of the flux. The flux in electronics solder is a rosin, made from pine pitch. Never use acid or salt fluxes for electronics. The joint may look all right initially, but it will fail quickly, and the circuit board and the component will probably be damaged as well. Similarly, never use a soldering gun on any kind of electronics. Besides being bulky and horribly imprecise, it generates a substantial magnetic field that can damage sensitive components.




Choosing a Soldering Iron or Station

Once you know what you are doing, it’s possible to do very good work with an inexpensive soldering pencil, but it’s harder to get started with one. If you are at all serious about doing electronics work, a good soldering station is one of your best investments. I used a succession of cheap irons for years before finally taking the plunge to a thermostatically controlled Weller station, and I wished I had bought one years earlier. It made a big difference in both what I was able to solder and the quality of my solder joints.


[image: Figure 1-3.]
Figure 1-3.



The Weller WES51 soldering station shown in figure 1-3 is an industry workhorse. The soldering tip is on a thermostat, meaning that it stays in a narrow temperature range. It doesn’t overheat when it’s sitting unused in the stand, and it doesn’t lose temperature when it’s being used for a long time on a heavy joint. The list price is pretty high, about $100 in 2014, but there’s almost always a special sale somewhere on the Internet where you can pick one up for less.

The replacement tips for this model are relatively inexpensive and come in a variety of shapes and sizes. I find that a small screwdriver-shaped tip is best for most work, as shown figure 1-4.


[image: Figure 1-4.]
Figure 1-4.






Soldering Safety Precautions

Using a soldering iron is inherently dangerous: it’s very hot, and it can expose you to toxic chemicals. A little common sense will keep you safe.


	Always wear safety glasses. You can take your chances with your eyesight if you want to, but there are just too many opportunities for eye damage to risk it. Safety glasses are inexpensive, and many models fit over regular glasses if you wear them. There are also bifocal safety glasses if you need better close-up vision, as we tend to as we get older. If you are having trouble seeing through your safety glasses because they are scratched, throw them away and get another pair. Once again, a few dollars versus losing your eyesight is a pretty easy choice.

	Never touch the element or tip of the soldering iron! It is very hot (about 750ºF) and will give you a nasty burn.

	Take great care to avoid touching the power cord with the tip of the iron. Ideally the iron should have a heat-resistant cord for extra protection, but no rubber or plastic insulation in the world will stand up to that temperature for very long.

	Always return the soldering iron to its stand when not in use. Never put it down on your workbench, not even for a moment!

	Work in a well-ventilated area. The smoke formed as you melt solder is from the flux burning off. It can be quite irritating. Avoid breathing it by keeping your head to the side or in front of your work, not immediately above it.

	Hot metal looks just like cold metal. Let the work piece cool before touching it.

	Wash your hands after using solder. As mentioned earlier, solder contains lead, which is a poisonous metal.

	To avoid accidentally ingesting lead, don’t eat or drink at your workbench.

	Read the First Aid section so you will know what to do if you burn yourself.






First Aid for Burns

Most burns from soldering are likely to be minor, and treatment is simple.


	Immediately cool the affected area under gently running cold water. Keep the burn in the cold water for at least five minutes. If ice is available, this can be useful also. Cooling with ice helps to numb the burn while also reducing the tissue damage. Cooling the burn immediately is the key.

	Do not apply any creams or ointments. The burn will heal better without them. A dry dressing or bandage may be applied if you wish to protect the area from dirt.






Reduce the Risk of Burns

The best way to treat a burn is to never get one in the first place. Experience has taught me the habits to help avoid trouble.


	Always return your soldering iron to its stand immediately after use.

	Allow joints and components a minute or so to cool down before you touch them. At the risk of repeating myself, hot metal looks just like cold metal.

	Never touch the element or tip of a soldering iron unless you are certain it is cold. Unless you are replacing the tip, there really isn’t any circumstance when you would need to touch it anyway, except maybe to see if it is cool enough to be put away in a drawer.

	If you think that something might still be too hot to touch, graze it with the backs of your fingers. If it really is too hot, your reflex reaction will be to pull away, and your fingers won’t be pulled into the hot piece. (If you do get a burn, it will be on the backs of your fingers where there are fewer nerve ending. It’s still a burn, but it’s better than a burn on your fingertips.)






Preparing the Soldering Iron or Soldering Pencil

Before starting to work, the soldering station needs a little preparation. In particular, remember to check the tinning of the tip before starting work.


	Place the soldering iron or pencil in its stand. If you have an iron with a controller, plug the iron into the control unit. Turn on the controller, and set it to 750ºF if it has a temperature control. If you have a soldering pencil, just plug it in. The iron will take perhaps a few minutes to reach its operating temperature. A soldering pencil will take longer than a temperature-controlled station.

	Dampen the sponge in the stand. The best way to do this is to lift it out of the stand and hold it under a cold-water tap for a moment, then squeeze to remove excess water. It should be damp, not dripping wet.

	Check the tinning at the tip of the iron by wiping the tip on the damp sponge and then melting some solder onto the tip. If the solder accumulates in a silvery liquid drip, then all is well. If the tip is not already silvery and it is hard to melt the solder, or the solder that does melt is immediately repelled by the tip, then the tip needs some attention. It may need to be cleaned with a special tip cleaner to replace the tinning on the surface, or just replaced.

	It’s all right to leave the soldering iron turned on when you are working, but it’s safer to turn it off when you walk away. Temperature-controlled stations heat up very quickly, and the tip will last longer if it doesn’t sit in the stand for hours without being used.








Hands-On Practice

To get started soldering, you’ll solder some wires into solder lugs, which are small, flat pieces of metal with holes through them. When you are starting out, a good practice piece is a 1/4” jack. They are easily available, inexpensive, and pretty much indestructible. You’ll also need some wire. I recommend solid core hookup wire, but you can use stranded wire also. The
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Materials



	– Safety glasses

	– Soldering station or soldering iron

	– Solder

	– Insulated solid core wire (20, 22, or 24 gauge)

	– 1/4” jack or similar jack with solder lugs on it for soldering practice

	– Desoldering pump

	– Desoldering braid

	– Helping Hands jig

	– Panavise or similar vise

	– Needle nose pliers

	– Side cutting wire cutters

	– Wire strippers

	– Battery clip for 9V battery (battery clip only)






Your First Soldering Example



Preparing the Wire for Soldering by Stripping and Tinning


	There are several varieties of wire strippers available, each with advantages and disadvantages. The most common look like flattened pliers with a set of holes, with half of the hole in each jaw. For most electronics work, a pair of these with holes ranging from 20 gauge (the smallest) to 12 gauge (the largest) will be more than adequate. There are also smaller adjustable strippers with a single hole and a sliding lock nut. These work in a pinch, but they are annoying because they need to be adjusted to change wire sizes. There are also self-setting strippers, which detect the wire size and remove the insulation with a lever action. I’ve found these useful for home and studio electrical wiring, but they are too imprecise for fine electronics work.

	Strip the end of the wire by placing the appropriate set of half holes of the stripper jaws around the insulated wire, closing the jaws firmly, and pulling the cut insulation off of the end of the wire. Use the largest set of stripper holes possible, so that the copper wire core doesn’t get nicked. Solid wires nicked by strippers are at risk of breaking when flexed, and wires lost from stranded cable will reduce the effective diameter of the wire. Once you are experienced, you will aim to strip the shortest length of wire that is necessary to feed through the hole, so that the insulation will go right up to the solder joint. For now, just strip about 1/2”, and trim it later if needed.

	Hold the wire in a Panavise, Helping Hands jig, or other holding device, with the stripped wire end available for soldering.

	Heat the wire by holding the soldering iron in contact with it. While still heating the wire, hold the tip of a piece of thin rosin core solder on the wire until it melts. Withdraw the solder and then the soldering iron. Coating the wire with a thin layer of solder in this way is called “tinning” the wire. This is shown in figure 1-6.

	The untinned wired is on the left, and the tinned wire is on the right. For the example piece, I’ve used a lot more solder than I usually use for tinning, so that you can see it. The usual goal of tinning is to just thinly coat the wire or lug.

	Let the wire cool for a moment (to prevent burning yourself), and remove it from the holding device.




[image: Figure 1-6.]







Ready to Start Soldering


[image: Figure 1-7.]




	Hold the soldering iron like a pen, near the base of the handle. Remember to never touch the hot element or tip.

	Wipe the tip of the iron on the damp sponge with a rolling motion. This will clean the tip and make it silvery.

	Touch the soldering iron onto the joint to be made. Make sure it touches both of the parts to be soldered, and hold it in as much contact as possible, as shown in figure 1-7.

	Hold the tip there for a few seconds and feed a little solder onto the joint. It should flow smoothly onto the parts. Apply the solder to the joint, not the iron! Solder flows toward heat. The iron will always be hotter than the parts being joined, so solder applied to the iron will stay there rather than go down onto the joint where you want it.

	Remove the solder, then the iron, while keeping the joint still. Allow the joint a few seconds to cool before you move anything. The solder should be smooth and bright, and it should fill all of the gaps around the wire where it goes through the lug, as shown in figure 1-8.




[image: Figure 1-8.]




	Avoid touching the work until it cools. Hot metal looks just like cold metal!

	Inspect the joint closely. It should look shiny and smooth, with the solder flowing over both pieces being soldered. If it doesn’t look smooth, you will need to reheat it and feed in a little more solder. This time ensure that both the wire and the connector are heated fully before applying solder. Dull or clumpy solder is an indicator of a cold joint that will not stand up or may not even be really bonded at all. If the joint came out well, congratulations! If it didn’t, desolder it, clean the connector, and try again. In either case, practice this joint several times before moving on to making the battery clip. You’ll need to make several joints to practice desoldering.








Desoldering



Using a Desoldering Pump



[image: Figure 1-9.]




	Prepare the pump by pushing the spring-loaded plunger down until it locks.

	Press the button to release the plunger. Try the lock-and-release cycle several times until you get a feel for how the pump works and how much it bounces around when released.

	Prepare the pump again, this time for removing solder.

	Apply the tip of your soldering iron to the joint, holding the tip of the desoldering pump close by, just out of reach of the iron tip. This is shown in figure 1-9.

	Wait a few seconds for the solder to melt.

	Press the button on the pump to release the plunger and suck the molten solder into the tool. The release and movement of the plunger happens very quickly, and it can be a little startling the first few times. This rebound makes it a little challenging to use a solder sucker precisely until you get accustomed to it.

	Repeat if necessary to remove as much solder as possible.

	Occasionally the pump will need emptying. This is accomplished by unscrewing the nozzle and tapping out the globs of dead solder. Don’t bother trying to reuse this solder for anything, as it no longer has any flux in it and it won’t stick to anything.

	After removing most of the solder from the joint, you may be able to remove the wire right away (allow a few seconds for it to cool). If the joint will not come apart easily, apply your soldering iron to melt the remaining traces of solder while pulling the joint apart, taking care to avoid burning yourself. When you are done, the solder lug should be bright and clean, with just the thinnest coating of solder remaining.






Using Desoldering Braid



[image: Figure 1-10.]
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	When using the braid, leave it in its dispenser roll. If you pull out a piece and cut it off, the braid will heat in your hand and become too hot to hold.

	Place the end of the braid on top of the joint.

	Apply the tip of your soldering iron to the braid, in full contact, as shown in figure 1-10.

	As the solder melts, most of it will flow onto the braid, away from the joint. If there is a lot of solder, you will need to move the braid along, passing it over the joint as it wicks the solder up into it. This is shown in figure 1-11.

	Remove the soldering iron and the braid.

	The braid will still be hot. Let it cool. Once again, remember that hot metal and cold metal look exactly the same.

	Cut off and discard the end of the braid coated with solder.

	With most of the solder removed by the braid, the wire should come free easily. If not, reapply the braid as before to remove more solder.








Making the Battery Clip for Your Breadboard


[image: Figure 1-12.]
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	The starting materials are shown in figure 1-12.

	Cut two pieces of solid wire about 2” long.

	Strip about 1/2” from each end of the two wires.

	Cut off the tinned ends of the battery clip, and strip them about 1/2”. Twist together one end of a solid wire with the stripped end of the battery clip’s black wire. This is tricky because the stranded wire is thinner and much more flexible than the solid wire, so the stranded wire is being wrapped around the solid wire.

	Hold the two wires in the Helping Hands jig or Panavise.

	Solder together the two wires by heating them with the soldering iron, as shown in figure 1-13. Notice that the soldering iron tip is angled to bring it into as much contact as possible with the wires. This allows the heat from the iron to be transferred faster and heat up the wires more consistently.

	Once the wires are hot, add solder directly to the wires so that it melts over them and holds them together, as shown in figure 1-14.

	Repeat the procedure for the second piece of solid wire and the red wire.

	The completed battery clip is shown in figure 1-15.

	Store this clip with your materials for later use with your breadboard.













Afterword: Pressing Onward

Thank you for taking the journey through this book with me. I hope that you have found it informative and inspiring.


Every piece of audio technology that we work on will present us with challenges. Some people seem to be able to zero in on the problem, and they never forget to reconnect a critical jumper wire before reassembling the unit. Most of us mere mortals need to work at it a little harder. It seems that the challenge is to remember that the process of building or fixing electronics isn’t just about the end result; it’s also about the journey of doing so.


It’s also a challenge to remember that these pieces of gear didn’t just fall out of the sky fully formed. They were designed by human beings, and they can be taken apart, diagnosed, and fixed by human beings. Most pieces of gear that need to be fixed have a lesson for us. It may be a lesson in humility, or persistence, or confidence, or recognizing when to stop, or perhaps learning to ask for help. Thanks to the Internet, it’s relatively easy to find people who are struggling with similar problems or who know more than you do about them.


When you get to the end of a particular journey into the depths of a piece of audio gear, you can look back and consider what you have learned. Somewhere in the process, it probably helps to remember the words of the 18th-century explorer Juan Francisco De La Bodega Y Quadra: “I pressed on, taking fresh trouble for granted.”







Appendix A

Prefixes


You are probably already familiar with numeric prefixes. We use them all the time when discussing the sizes of computer files: 220Mb (220 megabytes), 30Gb (30 gigabytes), and 2.3Tb (2.3 terabytes). We also talk about frequencies of 1000 Hertz and higher by using the kilo prefix, such as 2.5kHz (2.5 kilohertz).


In electronics we commonly use six prefixes to keep from needing to use a lot of zeroes. If we didn’t use prefixes, we would need to distinguish between a 0.00000000033 farad capacitor and a 0.000000000033 farad capacitor. It’s a lot easier to discuss the capacitors if we replace the zeroes with prefixes. This makes them 330 picofarad and 33 picofarad capacitors, which are easier to specify on a circuit diagram and easier to talk about.


The table in figure A-1 shows the two large prefixes and the four small prefixes that we commonly use and how to add and remove them.






	prefix
	symbol
	meaning
	to add prefix
	to remove prefix





	mega
	M
	× 1,000,000
	move decimal six places left
	move decimal six places right



	kilo
	k
	× 1,000
	move decimal three places left
	move decimal three places right



	milli
	m
	÷ 1,000
	move decimal three places right
	move decimal three places left



	micro
	m
	÷ 1,000,000
	move decimal six places right
	move decimal six places left



	nano
	n
	÷ 1,000,000,000
	move decimal nine places right
	move decimal nine places left



	pico
	P
	÷ 1,000,000,000,000
	move decimal twelve places right
	move decimal twelve places left








Table A-1.


The ideal way to discuss voltages, capacitor values, currents, and other electronic quantities is to use numbers that are between 1 and 999. If the number is larger or smaller, we need to add a prefix. The second-to-last column shows how to add a prefix to a number that has too many zeroes. In the first example above, we need to move the decimal place to the right far enough to bring it into the 1–999 range. This is shown in figure A-1. In the same figure, we also see the process of adding a large prefix. Notice that the decimal is always moved in multiples of three.



[image:  Figure A-1.]
Figure A-1.





The equations in the book don’t work properly if the number has a prefix, so we also need to be familiar with removing prefixes and getting back the original number. Figure A-2 shows the process of removing a prefix from a small number, followed by an example of removing a prefix from a large number. Again, the decimal point is moved in multiples of three.



[image:  Figure A-2.]
Figure A-2.




These processes of adding and removing prefixes are essential parts of working with the math in this book.







Appendix B

Appendix B: Solving Math Problems


I recommend using four distinct steps to solve any math problems. These are shown below. By using these steps consistently, you can solve any math problem. The idea is that when you list out the quantities that you know and the one that you don’t know, the equation that you need will become apparent. The quantities you know can then be plugged into the equation and the answer calculated. If a prefix is needed for the result, you can then add one as described in Appendix A. This is the process that will be used to show the math in the book.


The Quantities, Equation, Solve, Prefix Process


Quantities: List the quantities that we know, such as voltage, current, and resistance. If there are any prefixes, we remove them, as shown in Appendix A.


Equation: Identify the equation we need, and rearrange this equation so we can solve for the quantity that we don’t know.


Solve: Combine the quantities that we know with the equation, and solve the math. The resulting answer needs to have a unit.


Prefix: Add a prefix to the answer if one is needed, as shown in Appendix A.




Example of Q-E-S-P

In this example, we have been given the information that the voltage is 9V, the current is 25mA, and we want to know the resistance.



Quantities: We list the quantities that we know, and the one quantity that we’re going to solve for. If there are any prefixes, we remove them.


E = 9V


I = 25mA = 0.025A


R = ???


Equation: Identify the equation we need, and rearrange this equation so we can solve for the quantity that we don’t know. Here we know the voltage (E) and the current (I), and we said above that we want to calculate the resistance (R). Ohm’s law is the equation that relates voltage, current, and resistance, so this is the one we will use. We need it rearranged to get R by itself on one side.


E = I × R


R = E / I


Solve: Combine the quantities that you know with the equation, and solve the math.


R = 9V / 0.025A


R = 360Ω


Prefix: Add a prefix if one is needed. Here we don’t need a prefix, because 360 is already between 1 and 999.


R = 360Ω









Appendix C

Modifying the DMM


The DMM’s current measurement circuit is protected from excessive current flow by a small fuse. If more than about 250mA flows through the meter when measuring current, the fuse blows and stops the current. Unfortunately the fuse must then be replaced. Most people blow the fuse in their DMM when they are starting out, so it’s more convenient to replace the fuse with a self-resetting circuit breaker, which is shown in figure C-1. Its part is item number TRF250-120-ND from DigiKey. This device detects excess current and disconnects the meter circuit automatically. When the danger has passed, it resets itself and reconnects the meter.


This procedure is well worth doing to reduce the frustration of working with the DMM while learning to measure current, but you should also be aware that making the modification will probably void the warranty of the meter. If you prefer not to modify the meter, I suggest that you obtain a supply of replacement fuses so that you can fix the meter relatively easily.


This modification only affects the circuitry for measuring current. Even with the fuse removed or blown, the meter’s ability to measure resistance, voltage, and continuity are not changed.



[image:  Figure C-1.]
Figure C-1.




Meter Modification Procedure

To modify your digital multimeter, follow the steps shown.




[image:  Figure C-2.]
Figure C-2.








	If your meter has a protective plastic boot or cover, remove it as shown in figure C-2.

	Remove the back of the meter with the appropriate screwdriver. Inside, locate the fuse in its clips. In the example meter, it’s along the side, as shown in figure C-3. In other meters the fuse may be somewhere else on the circuit board, but it will look similar. If your meter has two fuses, look for the smaller one.

	Remove the fuse. To do this, you may need to use a screwdriver or a pencil underneath the cylinder to pull it out of its clips.




[image:  Figure C-3.]
Figure C-3.




	Examine the clips that the fuse fits into. Some have little prongs or tabs that fit into holes and are soldered on the underside of the circuit board. Others, such as the model shown here, are soldered directly to solder pads on the upper side of the board. If you can see the solder joint, it is easier to remove these clips to access the pads directly. If you can’t see the solder joint, it is easier to solder the fuse replacement into the metal of the clip. There is no functional difference between these two methods.

[image:  Figure C-4.]
Figure C-4.








	To remove the clips with the visible solder joint, heat the clip with the soldering iron until the solder melts. Slide the clip sideways off the pad. If the clip sticks to the tip of the iron, pick it up with the iron and remove it by wiping the iron on the sponge of your soldering iron stand. If the clip doesn’t stick, leave it on the circuit board until it cools and remove it with your fingers. Discard the clips. The cleared solder pads will now be visible, as shown in figure C-4.

	Bend the leads of the self-resetting fuse out so that they are pointing away from each other, as shown in figure C-5.




[image:  Figure C-5.]
Figure C-5.




[image:  Figure C-6.]
Figure C-6.




	Place the leads of the self-resetting fuse over the pads or inside the clips if they have not been removed. Heat the pad or clip and the lead with the soldering iron, and add enough solder to bridge any gap. Allow to cool, and repeat this for the second lead. Allow to cool. The self-resetting fuse is now installed, as shown in figure C-6.

	Close up the meter and replace the screws, and put the meter back in its protective boot if it has one. You are now ready to use the meter. If you have the meter on the ammeter setting and you put the probes where you shouldn’t, the meter will not register any current. The self-resetting breaker does not make any sound or other indication that it has disconnected the circuit. It may take a minute for the breaker to reset and reconnect the circuit if it has disconnected it.







Appendix D

Circuit Simulator


The circuit simulator is a piece of software that lets you build circuits and investigate their properties on a computer or tablet instead of out in the real world. The simulator has some distinct advantages. It’s easy to get parts, because you just draw them. Nothing ever explodes or catches on fire or blows its fuse.


I’ve used a few simulators over the years, and the one I keep using is the Circuit Simulator v1.5h written by Paul Falstad. A screenshot of the program is shown in figure D-1.



[image:  Figure D-1.]
Figure D-1.




The simulator runs in Javascript, which runs on both PC and Mac. There is a big library of circuits to experiment with, and you can also build your own circuits. It’s possible to save these new circuits as text files. The simulator lets you observe positive and negative voltages while showing you how much current is flowing at each point in the circuit.


Paul Falstad has graciously granted permission for me to include a copy of the program on the supplemental media. You can also obtain the software from his website at www.falstad.com, where it is listed in “math and physics applets” and then under the heading “analog circuit simulator applet.”


There are other simulator programs and apps available. Among them is a system called SPICE, which many electrical engineers and circuit designers use for simulations. It is very accurate at predicting a circuit’s behavior based on the precise qualities of the components. Perhaps because of this accuracy and precision, the SPICE programs I have used are not very user friendly, so I prefer Falstad’s simulator.






Appendix E

Key Terms and Equations


A summary of the key terms, symbols, units, and definitions is shown in table E-1.








	term
	symbol
	unit
	unit symbol
	definition





	voltage
	E
	volt
	V
	the potential to do work



	current
	1
	amp
	A
	the movement of electrons



	resistance
	R
	ohm
	Q
	the ability to restrict current flow



	impedance
	Z
	ohm
	Q
	resistance that changes with frequency



	power
	P
	watt
	W
	the work being done by the current



	capacitance
	c
	farad
	F
	the ability to hold an electric charge



	inductance
	L
	henry
	H
	the ability to store energy in a magnetic field








Table E-1.


The formula circles and equations for Ohm’s law and Watt’s law are shown in figure E-1.



[image:  Figure E-1.]
Figure E-1.





The equations for total resistance and the voltage divider are shown in figure E-2.



[image:  Figure E-2.]
Figure E-2.




The equations for gain and the time constant t are shown in figure E-3.



[image:  Figure E-3.]
Figure E-3.









Appendix F

About the Online Files


The supporting online content contains five video segments that supplement the hands-on examples in the book. The first video segment provides clear specifics on the tools and techniques needed for getting started with soldering. The next four segments show how to build the four hands-on projects shown in the book.


Using the book, online materials (videos, supporting table of prefixes, electronics circuit simulator, and blank tables and graphs from the labs) will help you develop valuable electronics skills while reinforcing the concepts presented in the text.


Online Contents

Video Tutorials


	Introduction to Soldering

	Building the TS Cable

	Building the TRS Cable

	Building the XLR Cable

	Building the Piezo Transducer



Additional Content


	Chapter 10. Blank Table and Graph

	Chapter 11. Blank Table and Graph

	Chapter 14. Blank Table and Graph

	Circuit Simulator Folder

	Circuit Simulator Supplemental Notes

	Quantities and Units

	Resistor Color Codes

	Table of Equations

	Table of Prefixes
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