Wire We Hear, 
What you need to know about Wire Technology

By Marc Silver
Last year I got a call from someone wanting some information about wire and what he should look for before buying new speaker cables. My first response was to go on line and read my article on wire. As we were talking, I realized I have yet to write that article discussing what makes wire perform differently and how the wire construction affects the sound resulting from those differences. This is what prompted me to pen this article.
My Delema.
I recently watched a YouTube video by Gene Dellasala of Audioholics where he says that wire measurements do not indicate any significant audible differences between audiophile wire and good basic speaker wire. In his video, he used 10-foot lengths of Kimber 8TC, up against conventional 10ga and 14ga standard speaker wire. Over my 53 years of experience, I have had hundreds of occasions of blind listening tests and thousands of listening experiences. If I accept that Mr. Dellasala's measurements are correct during his presentation then what have I been hearing for the last 50 plus years to convince me otherwise? Is it a placebo effect as he contends, or something else? What I hope to arrive at by the end of this article is an answer or at least some plausible explanation. 
Early History of Wire?
Today we have hundreds of choices of wire to choose from. Prices can range from a few cents a foot to thousands of dollars per foot. That seems like a ridiculous range for something that seems so simple. After all, it's just wire isn't it? 
What is Speaker Wire? Technically it is a metal conductor used to connect the output of an amplifier to the input of a loudspeaker. Simply put, a Loudspeaker cable is a wire or cable used to connect the amplifier to the loudspeaker system. Seems pretty basic and easy, but the speaker wire you select can affect the sound as much as your amplifier choice. 
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In the early years of audio, wires that were used to connect speaker systems were often zip or line cord. Also called lamp cord as it was the same cheap wire used for floor lamps. Typically the longer the wire run, the heavier the wire (or lower the gAUge) that was recommended. Prior to the 1970s there were no special speaker wires. Speaker wire was just plain old copper wire. In the early 1970s high-end wire began to emerge on the audio scene with wire-like Litz. "The Japanese were first to commercialize a Litz-wire speaker cable, possibly based on the work of Kaneda and Egawa. Imported by Polk Audio circa 1977, it became recognized as the first high-end cable design and was commonly referred to as "Cobra cable" due to its distinctive appearance."
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One caveat is that Cobra cable had a significant amount of capacitance which is very taxing on some amplifiers and caused some rare cases amplifiers to fail to do to the combined load presented by the wire and speakers.
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 At this point in my article, I have to acknowledge Mr. Noel Lee. Noel founded Monster Cable in 1979 and to my recollection was the first to mass-market and promoted high-end speaker wire as an actual audio component. Monster Cable wasn't the only company at the time offering high-end wire but was Noel Lee who had the marketing know-how to make it a reality. Without Noel who knows how long it would have taken until we realized the true importance of speaker wire in an audio system.  It was the emergence of high-tech speaker wires that has raised some fundamental questions about the benefits of these new and sometimes extremely expensive wires. I should also recognize Ray Kimber of Kimber Kable who started manufacturing high-end wire the same year as Monster Cable but focused his marketing primarily on the audio specialist dealer.
Although I won't be discussing inter-connect cables in this article, I think I should also note that for the most part the characteristics that make a good speaker wire also apply to Interconnect cables. 
INTERCONNECTS CARRY SIGNAL CHANGE WHILE SPEAKER CABLES CARRY SIGNAL CHANGE AND POWER. MORE COMPLEX REACTANCE ISSUES WITH LONG SPEAKER CABLES

So let us dive into what makes speaker wire speaker wire.
What is Wire?
If we look at the basics, both speaker wire and interconnect cables are made up of various materials. Generally either copper, silver, or a combination of the two... Copper is the most common material. If copper is your choice, then consider using high purity copper. Look for 99.99% purity. The higher the wire purity the better the wire performance. If we look at the basics, both speaker wire and interconnect cables are made up of various materials. Generally, copper, silver, or a combination of the two... Copper is the most common material. If copper is your choice, then consider using high purity copper. Look for 99.99% purity. 
Copper oxidizes in the air, so the dialectic (or covering) for the wire needs to be air-tight. Otherwise, the wire would disintegrate over time. Gold or zinc plating doesn't tarnish and ensures a longer life. However, you'll find that even cheap cables have some form of a coating that will increase the cable's lifespan. Gold-plating for wire is generally considered by cable designers, not worth the extra expense whereas silver is considered a great choice, but rather expensive. Most metallurgists generally agree that copper and silver are the best conductors for audio. 

Silver over copper is an excellent compromise as it offers many of the benefits of silver at significant savings. The premise is that since the electrons travel on the surface of the wire by coating the copper with silver the benefits of silver can be achieved with silver over copper wire. 
How Does Signal Flow in Wire?[image: image4.png]



There are many misconceptions when it comes to electron flow. Some believe that electrons flow through the wire. Others believe electrons flow on the surface of the wire. But According to John Henry Poynting the directional energy flux (the energy transfer per unit area per unit time) of an electromagnetic field.
 
This means that the signal the speakers see is the shift in the magnetic field and not the result of electron flow on the wire. As proof of this theory, when you send a signal down a mile of wire even at light speed there should be a micro-second of delay before the signal reaches the speaker. The speaker reacts instantaneously. If we think of it as a tube filled with marbles and as we insert one marble at one end it immediately displaces a marble at the other end with no delay in time. Theoretical Physics is a wonderful topic and to be honest beyond my area of expertise.

The original question still persists. Why do I and many other audiophiles hear differences in the wire? More on this later.
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Connectors are an important component when it comes to speaker wire. How the wire connects to the amplifier and the speakers are always important. A bad connection can have a huge effect on a speaker's performance. That includes how the wire is bonded to the connector. Audioquest for example attaches their connectors with what they refer to as "Cold Welding", more commonly referred to as crimping. Other companies use soldering and in some cases both. What is most important is a solid connection.

It is a common belief and a misconception that gold is the best connector. Many expensive audio cables on the market and even some of the cheaper ones will often make a big deal out of "gold-plating". The reason for this has nothing to do with signal quality. It became popular because gold doesn't oxidize CAUSING a loss of signal quality. As I said before, silver is a superior connector for the wire but will require some attention as silver will tarnish (oxidize) over time, and can cause a loss of signal quality.NOT TRUE – SILVER OXIDE DOES NOT CONTINUE TO DEGRADE WIRE LIKE COPPER OXIDE My general recommendation is a silver or silver alloy connector, as long as you periodically disconnect and clean them.WE CAN DISCUSS
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Wire Termination, is it important? 
There is a minor controversy over what is better for wire termination. Some people believe that bare wire is the best way to terminate wire because there are fewer mechanical connections in the way of the sound. I have compared the same wire with pins, vs spades vs. banana jacks. And although the differences are virtually indistinguishable I believe that there is a tiny advantage to bare wire over mechanical connectors. But if it comes down to what works the best for me, I have settled on banana jacks as the most convenient. I find myself on occasion disconnecting my speakers for various reasons and just prefer to have the convenience of using banana jacks on my various systems. Also amongst the various styles of banana jacks, I prefer a single spring rolled post. My reasoning is this type of banana jack makes more contact within a 4-way binding post and is far more secure. 

Speaker and Amplifier Connectors[image: image7.png]



There has always been some controversy as to whether the connectors used on the ends of the wire have a significant effect on the ultimate sound. Typically the connection between the amplifier terminals and speaker terminals are pressure devices of some sort. That includes a 5-way binding post, as shown above, Spring speaker clips, and terminal blocks. 
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The quality of the connection is generally determined by how tight you can get the binding post or the pressure of a spring that holds the speaker wire against the metal of the terminal. So How good the connection has an effect. 
The metals used in each type of terminal again relate to the same characteristics of the wire I discussed earlier, the finer the material the better the performance.
The performance is also affected by oxidation over time and the connection can become bad to the point where the connection is so bad it's unusable. Dissimilar metals can also promote corrosion with action like a battery when they are in a humid environment. The result is high resistance and audible distortion.
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In most cases, it is not unusual to have some type of oxidation to occur over time. I have had more than my share of 12g speaker wire that has turned green with oxidation and when I cut the wire open only to be showered by oxide from the interior of the wire. Once replaced it, I was amazed at the improvement of the system performance.

Some people believe that simply removing and cleaning the wires and terminals and reconnecting them will resolve the issue. If the oxidation is isolated to the terminals or ends and is not that bad then cleaning and treating can work. 

If you want to maximize the quality of the connection you will need to wrap and solder the speaker wires directly to the amplifier outputs. Let me add this is something I don't recommend.

What About Wire Configuration. 
Wire configuration is in my mind the major factor that affects the sound of wire. The basic choices are parallel twin lead, twisted twin lead, bundled and twisted, braided, co-axial, twisted flat, flat solid core, and innumerable assorted combinations of all the above. It is safe to say that there are as many variations of wire configuration as there are combinations that can be made. Plus various dielectrics and coatings for wire also affect the sound.
Each variant has both advantages and disadvantages. Some have to do with performance while others have to do with cost. I recall the old saying, "You can have it either good or cheap".
I have seen wires that use multiple strands of wire of various gauges combined to make up the total gauge of the wire and I have seen the same gauge as one large solid core. I lean toward the former over the latter. I am of the school that believes that the more strands of wire the better the high end and more open the sound stage, also the more flexible the wire. I found on the internet the following concerning solid core. 

 “An ideal application of solid wire would be carrying power through a building structure, as this requires a high current, little movement, and long-lasting durability... Solid wires are more suited for outdoor or heavy-duty applications where higher currents and more rigid durability are required.
· Building infrastructures 
· Vehicle controls [image: image10.jpg]



· Outdoor applications“
One of the best examples of a braided wire is Kimber Kable. Ray Kimber patented the braid configuration he uses for his wire. He uses counter-rotating sets of conductors to cancel the magnetic interaction effect in the wire. Some of the characteristics attributed to Kimber are excellent bass response and open detailed high end. The only downside to his design perhaps is they measure higher than typical capacitance. I have used many of his cables and have liked them all. 
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Another variant is a flat set of twisted cables as demonstrated by Nordost. They're known for multiple twisted pairs set side by side in a flat configuration. Nordost falls into the group of exceptional wire that happens to be very expensive. Then again it is the only wire used by NASA.


Cable Resistance Does Wire Length Really Matter?
All wire has resistance. The question is what happens when the resistance gets too high? The most obvious effect is power loss. I also hear what I can only describe as sonic congestion. Speakers not only don't play as loud as they could, as resistance in the speaker wire increases, but it also makes the amplifier look more like a current source. In brief, the speaker frequency response will tend to follow the rise and fall of its impedance curve causing non-linear performance. In short, the higher the resistance the worst the performance.
Ideally using heavier gauge wire the better the performance.
Resistance 
Some people believe that resistance in the speaker circuit is the key factor that determines loudspeaker performance. This includes the connecting wire between the amplifier terminals and the speaker terminals, the amplifier internal impedance, and the impedance of the speaker system. In every sire setup, there is contact resistance at the connecting terminals of the system. In most cases, the internal impedance of good-quality amplifiers is very small and difficult to measure. The remaining factors are the speaker system impedance and the speaker wire resistance. 

Typically an 8-ohm speaker can have over 120 feet of wire internally, which includes all the internal wiring and the wire in the speaker voice coils themselves. This is all part of the restive circuit that makes up the speaker system.
Since most people are not going to open their speakers and rewire the cross-over and internal wiring, the only thing left to consider is the resistance of the speaker wire. 
Material ICAS% Conductivity
	Silver
	105%

	Copper
	100%

	Gold
	70%

	Aluminum
	61%

	Tin
	15%

	Copper
	100%


Maximum Wire Lengths for Copper Wire
I am not entirely sure who decided on the system to determine wire gauge, but it truly has never made any sense to me. If I was the person to decide on wire size I would have had a larger number to make up heavier wire. But this is not how the wire industry thinks. Wire is specified by gauge numbers. A smaller number indicates a larger diameter of the wire and consequently a lower resistance. Stranded wire is composed of several smaller conductors to make up the total gauge of the wire. 

The following is a typical guide for determining the minimum gauge and maximum length of wire with minimal negative sonic effect. I am not entirely sure who decided on the system to determine wire gauge, but it truly has never made any sense to me. If I was the person to decide on wire size I would have had a larger number to make up heavier wire. But this is not how the wire industry thinks. A wire is specified by gauge. A smaller number indicates a larger diameter of the wire and consequently a lower resistance. Stranded wire is composed of several smaller conductors to make up the total gauge of the wire. 

The following is a typical guide for determining the minimum gauge and maximum length of wire with minimal negative sonic effect.
	Wire Size
	2-ohm load
	4-ohm load
	6-ohm load
	8-ohm load

	22 AWG
	3 feet max
	6 feet max
	9 feet max
	12 feet max

	20 AWG
	5 feet max
	10 feet max
	15 feet max
	20 feet max

	18 AWG
	8 feet max
	16 feet max
	24 feet max
	32 feet max

	16 AWG
	12 feet max
	24 feet max
	36 feet max
	48 feet max

	14 AWG
	20 feet max
	40 feet max
	60 feet 
	80 feet 

	12 AWG
	30 feet max
	60 feet
	90 feet 
	120 feet 

	10 AWG
	50 feet max
	100 feet 
	150 feet 
	200 feet 


Please note: This is not my chart. I would NEVER use any speaker wires less than 16 AWG even for cheap speakers and background applications. This chart is based on wire resistance not to exceed 5% of the nominal value.
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Dialectric 

After nearly completing this article I had the foresight to send a copy of the article to an old friend of mine, Mr. Steven Hill of Straight Wire. He told me he liked what I had done, but told me that I needed to add information concerning wire dielectric. Do to the fact that I really am not an expert in that regard I asked him to send me a paragraph. This is it:
“Dielectrics or inner insulations touching the are very important for better / premium AV cables. The 2 major components are dielectric constant and dissipation constant.

Dielectric constant shows the amount of signal "hanging on the insulation – PVC is usually 3 or above – not great

PE and Foam PE will be between 2,8 down to 2.2 – good

Foam PP (Polypropylene) is also down to 2.1-2.2 - good

PTFE (trade name Teflon) range from 2.2 down to 1.8 – very good

Dissipation is the time to get back on the conductor from the insulation – Foam PP, gas foamed PE and all PTFE are very good

Other good alternatives are foam TPE/ TPR 

Most standard PVC inner insulations are not as good as those noted above.”

The better the insulation the better the performance. “INSULATIONS
· POLYETHYLENE - common insulator with fair mids and highs.
Foamed versions are more accurate, bass is OK.

· POLYPROPYLENE - tight bass, accurate midrange and sharp highs. Foamed versions offer fuller bass and midrange.

· HARD PTFE - strong bass, relaxed mids, HF not restricted

· FEP - and skived types of PTFE are tight throughout all frequencies (considered lean by some) and may pick up mechanical noise.

· FOAM HYBRID TPR - full bass, lush mids, clean but not pronounced HF. Mechanically non resonant

· SOFT FOAM PTFE - accurate bass, lifelike mids and highs great insulation - must be careful in manufacturing not to crush or performance will vary.”

I will always admit my weaknesses when it comes to technology. There are not many areas that I don’t consider myself an expert, but there are a few and this is one.

To Bi-wire or Not To Bi-wire [image: image13.jpg]Poynting Vector

The rate of flow of energy in electromagnetic waves is
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* S'is called the Poynting vector. The magnitude of
the Poynting vector represents the rate at which
energy flows through a unit surface area perpendicular
to the direction of wave propagation. Thus, the
magnitude of the Poynting vector represents power
per unit area. The direction of the vector is along the
direction of wave propagation.




The concept of Bi-wiring is an interesting one and one that has a fair amount of controversy within the audio industry. 
For those of you who are not familiar with the concept, Bi-wiring is where two runs of hot and ground wire are attached to separate terminals on the speaker. One set is connected to the High-Frequency terminals and the other to the Woofer terminals and the wires are combined at the amplifier
Some speaker companies feel there is no need to bi-wire a speaker while others feel it is a valuable sonic improvement. [image: image14.png]N




Those companies that believe in the value of bi-wiring design their speakers with dual sets of speaker terminals.  
There is a phenomenon known as Back EMF or Back Electro-Mechanical Force. This occurs when the inertia generated by the movement of the woofer cone generates a signal that travels through the cross-over network and affects the sound of the high frequencies of the speaker. 
The Audiophiles response would be to use separate amplifiers, referred to as Bi-amplification.  Bi-amplification completely isolates the speakers as each is attached to separate amplifiers. Bi-wiring is a compromise. The Back EMF now has to travel the entire length of both legs of the wire run where the additional resistance reduces the effect of Back EMF on the high end within the speakers..

In my experience, Bi-wiring does have an audible effect on the sound. Improving both detail and imaging of the system. I have found that the better the system the more audible improvement there is. Is it an "OMG I can't believe the difference? Not really! This is a subjective difference that each listener has to decide on in a case-by-case evaluation.
When I run speakers that can be bi-wired or bi-amplified, I always do so. I do it because I honestly hear that difference. That may not be the case for everyone.

When I run speakers that can be bi-wired or bi-amplified, I always do so. I do it because I honestly hear that difference. That may not be the case for everyone.

 
Placebo Effect of Reality.
I have been told what I am experiencing is a placebo effect. That I am hearing what I think I should hear. Measurements indicate that the measurable differences between multi-thousand dollar wire and modestly priced wire are minimal and we shouldn't hear a difference. So something else has to be going on. Near as I can determine there is an interaction between various speaker and wire designs that can be heard but not measured. 
Can You Hear the Difference
Like I said in the past. Everything you listen to is a matter of subjective opinion. I have had the opportunity to listen to some of the world's finest speaker wires costing more than a small house. So my answer is a resounding… I DON’T KNOW! 
Would I spend as much on my speaker wire as the total of my electronics? NO! Mostly because I have trouble justifying the expense and I don't have an unlimited budget. But, would I spend 10% to 20% of the system cost? My answer is YES I would! When I evaluate a system my selection of wire and cable is just as important as any of the parts. When I have used multi-thousand-dollar wire on a multi-thousand-dollar system I can hear a difference, but I also take into consideration where I get the most performance for the dollars spent on that system. It may be that spending more on the speakers and a little less on the wire the result is better. I also consider system longevity. If I spend $5000 on a pair of speakers that I plan to keep for 20 years, I may only spend $200 initially on wire with the feeling that I could later upgrade the cable at a later date while keeping the speakers. I consider this approach with all aspects of any audio system purchase.

Over the last 53 years, I have been in audio; I have often been asked by customers and friends to make recommendations for their systems. When it comes to the selection of any of the components of an audio system I do my best to supply as much information as possible so they  can make an appropriate choice. 

Since I can't pick someone else s favorite food, the person they should marry, or the place they should live, I certainly can't decide whether they should spend $50 or $5000 for his speaker cable and associated cable. I have always suggested to my customers in the past, that they borrow two or three pairs of wires and listen to them in their system and then decide for themselves what makes sense for their system. I conclude by suggesting the same to you my readers. Try different wires and cables in your system and listen for yourself. What is important is how the wire performs in your system and is it something you can hear and justify the expense for your budget. Don't let anyone sway you. 
What is important is that you hear the difference. If you don't then don't waste your money. As for me, I do hear a difference and have invested in multiple different wires and cables as part of my system. I wish you all good listening.
Some Major Audiophile Wire Companies:
Audience 
Analysis Plus 
Apature Wire
Audio Art Cable 
Atlas
Audioquest
Beldon
Cardas Audio 
Chord Company

Fono Acustica 
Furukawa 
Utrecht
Gortz
Kimber Kable
Kubala-Sosna 

Luna 
Monster Cable
MIT

Naim 
Nirvana Audio 
Nordost

Pure Silver 
QED
Siltech Cable 
Stealth 
Straight Wire
SVS

Tara Labs
Tellurium 
Van den Hul 

Wire Wizard
Wire World
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�Figure � SEQ "Figure" \* ARABIC �2�: Cobra Cable





�Figure � SEQ "Figure" \* ARABIC �3�: Ray Kimber Photo by Audio Express





�Figure � SEQ "Figure" \* ARABIC �4�: Gold plated Spade Connector
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Figure � SEQ "Figure" \* ARABIC �5�: Nakamichi Banana Jacks





�Figure � SEQ "Figure" \* ARABIC �6�: Marantz SR8015 Terminals





�Figure � SEQ "Figure" \* ARABIC �7�: Terminal Block





�Figure � SEQ "Figure" \* ARABIC �8�: Oxidized Wire vs New Wire





�Figure � SEQ "Figure" \* ARABIC �9�: Kimber Kable 12TC





�Figure � SEQ "Figure" \* ARABIC �10�: Nordost Speaker Wire





�Figure � SEQ "Figure" \* ARABIC �11�: Bi-Wire Example.





�    Figure � SEQ "Figure" \* ARABIC �12�: Bi-wire           	Terminals.
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