OUR PHILOSOPHY ON AMP MODIFICATIONS 
One of the most appealing aspects of vacuum tube amplifiers, which you lose with solid-state design, is the organic nature of the technology. You can get INTO tube circuitry - change capacitors, resistors and other components - personalize the sound. After all, this is no more than amp designers do, and it is the difference from one amp to another. 
Solid-state technology has all these same components, but because they operate at very low voltages, they can be combined in integrated circuit chips. This is a very RIGID technology - it can do a lot, but what you get is what you get. It is difficult to modify the chip - or, for that matter, a solid-state amp. 
Vacuum tube technology operates at high voltages. Therefore, it is VERY DANGEROUS. A very real risk is damaging or destroying your amp. If that is not bad enough, you can seriously damage or destroy YOURSELF. The moral is: always make sure that any work done on your amp is done by a qualified technician. 
There are lots of guys like this around, and more all the time. In fact some of them have become highly skilled and creative. They are able to offer a significant range of sonic and functional variations from stock designs. We know most of them, because sooner or later any guitar tech with aspirations of being a designer has to come to terms with tubes in his life. And that usually means Groove Tubes. The more aware tech will automatically install Groove Tubes on any significant modification, perhaps in the same spirit in which a dentist will insist on cleaning your teeth. Basic health begins with good hygiene.
The real truth is that changing your tubes is the most basic modification you can do or have done to your amp. Another real truth is that very often you can get what you’re looking for in your amp without further effort - or expense. There’s a whole range of differences you can explore, simply by plugging and unplugging. A good tech or dealer can give you a fresh look at your own music and capabilities in this way. 
It makes sense to try this first, since mods are not easily reversible. Then if you want something more, you ought to consider this: amp modification is an art form, just like playing guitar or bass. There are guys who are skilled, talented and creative. There are guys who are still learning and make mistakes, and guys who are never going to learn - just like guitar and bass players. They all do it a bit differently, and often have strong convictions about their art. Does that sound familiar? 
Once you’ve decided to modify your amp, a whole new world of complexity opens up to you. Often it’s probably neither necessary nor worth it. Remember that almost ANY mod may reduce the value of your amp. and many deliberately sacrifice reliability and/or tube life to achieve their sonic effect. 
For some it may be magic. At Groove Tubes, we’re all inevitably friends and relations with top designers and mod shops. We exchange tips and stories back and forth in a way which quietly helps musicians generally. 
We’ve begun a policy of testing some of their mods ourselves, as part of the development process. We have discovered some which are specific, meant to INCREASE reliability and/or tube life. We publish these in the Tube Amp Reference Guide. We also have published what we think are the best of the master volume mods for Marshall (there are lots of really bad ones) because we think enough players can benefit from this knowledge, although I’m not a real fan of a master volume-type distortion. However, this is a personal decision to modify your amp and not for us to offer opinions. Just make sure your tech is qualified, and that the sound you’re after is one you want to live with, not just an attractive effect. 
Of course, all these mods are different from model to model and manufacturer to manufacturer. A Marshall is not a Fender, and a Boogie is no longer a Bassman. As a result, there are literally hundreds of mods we’ve heard about. 

A WORD ABOUT CHANGING TUBES 

RULE 1 
Turn off amp and unplug it from AC outlet. Allow tubes to cool five minutes. 

RULE 2 
Follow the tube location guide for correct placement of the various models (this is usually found on the inside wall of the cabinet). If no guide exists and the model numbers are not indicated next to their corresponding sockets, then assume the tubes are presently in correct position and replace them one at a time so as not to forget their placement. 

RULE 3 
When changing the power tubes, be sure to release the spring clamps holding the tube’s base in its socket. Now grasp the TOP of the bottle and slowly work the tube out of its socket with a gentle circular motion. Replace the new tube also by holding the top of the tube and pushing with a gentle circular movement. Notice the power tubes have a locator notch of the center plastic piece - this assures the proper location of the pins and will prevent you from inserting it wrong. Never force the tube into the socket until you’ve made sure this locator notch is in correct alignment. 

RULE 4 
When changing preamp tubes, use the same gentle circular motion described above to remove and replace the tubes. The proper location of the tubes is insured by a gap in the pin sequence - make sure the gap is correctly aligned with the blank space in the socket. This gap is usually indicated by a notch or nipple in the base of the socket where the shield attaches. If a pin on the tube is bent, it probably won’t fit into the socket. If this occurs, take a part a common ball point pen and use the front half of the pen (with the small hole) to insert over the bent pin and straighten it out by gently bending it back. Don’t try bending the pin with your fingers as this will likely crack the glass base. 

A WORD ABOUT BIASING YOUR AMP 
The bias control on an amp is much like the idle control on an engine. That is to say, there is an optimum point of bias for an amplifier that allows for good sound and maximum tube life. This optimum bias point will be different with a new set of tubes no matter which tubes you buy, so the bias should always be checked when changing power tubes. (Pre-amp tubes are self-biasing.) 
The Groove Tubes matched power sets are rated on a 1 to 10 scale that will in most cases remain consistent. This means that you don’t have to re-bias your amp when replacing your Groove Tubes power tubes with Groove Tubes of the same type and rating. 
We have described below some symptoms of an amp that is biased incorrectly. If you suspect your amp is either ‘under-biased” is “over-biased” after installing your new Groove Tubes, turn the amp off and take it to a qualified serviceman for a bias adjustment. Do not attempt to bias the amp yourself, as you may make things worse—the bias control is not a user-serviceable adjustment. 
The charge for a bias adjustment should cost no more than a minimum bench charge ($10 to $20) so its cheap insurance for your new tubes and you’ll get the most sound out of your amp. 

“UNDER-BIASED AMP” 
Amp is ‘idling too high’ so tubes are running very hot, causing them to burn out fast and possibly to short Out. The tubes’ plates (large gray metal housing) will glow red from heat and the amp will lack punch and might hum. The orange Groove Tubes paint will turn brown rapidly if the amp is under-biased. 

“OVER-BIASED AMP” 
Amp is “idling too low” so tubes are running cool. Amp will sound dirty at any level and will sound low on power. This type of distortion is called „cross-over” distortion. Cross-over distortion is a non-musical type of distortion and isn’t as pleasing to hear as “harmonic distortion.” 

‘CORRECTLY-BIASED AMP” 
Amp will sound clean and tight at low to medium levels. When pushed to maximum, amp will produce an even harmonic distortion-musical distortion, if you will. When installing Groove Tubes, expect an over-all tonal improvement along with better balance and sustain. 
BIASING AN AMP WITH A VARIABLE BIAS CONTROL 
The proper method of biasing a tube amplifier requires a signal generator, an oscilloscope, a volt meter, and preferably a dummy load resistor. First, remove power tubes and measure the bias voltage at the grid (usually pin 5). Adjust the voltage to the largest negative voltage and install power tubes - the tubes are now at the over-biased position and are running cool with lots of cross-over distortion. Now apply a 2KHz signal to the input of the amp and connect the proper impedance load to the output. Turn the volume of amp up to 70% output, or just prior to clipping, and get a picture of the signal on the scope. Notice the notch indicating cross-over distortion in the signal. Adjust the bias control gradually until this notch just disappears. The amp is now properly biased. 
BIASING A FIXED-BIAS AMP 
A fixed-bias amp may be adjusted - it’s just more trouble than an amp that has a variable control in the bias circuit. Some of the most common fixed- bias amps are Boogies, Hiwatts, some Ampegs and some Fenders. All Marshalls and most Fenders do have adjustable bias controls. So why doesn’t every amp-maker use an adjustable bias? Good question: the answers we get from the companies aren’t very good ones. It’s probably because they wanted to save money in production. If the company can buy tubes with uniform performance, then they can set a bias point that will be pretty close for the average power tube. Unfortunately, when the player has to change tubes, he has to find a set of tubes that are identical to the last set of the tubes or the amp won’t be properly biased. 
In order to change the bias of a fixed-bias amp, you should consult a qualified tech that can change the resistor values in the bias circuit to achieve proper bias voltage. This can be done by using a substitution box and changing just one resistor (or a capacitor, in some Ampeg amps). 
If you are using a matched set of Groove Tubes and the amp is running too hot, you may simply change to a lower performance number and solve the problem. Likewise, if the amp is running too cool, try a higher number and the amp should perform correctly. This is simpler than modifying the bias circuit, but you are limited to the range of Groove Tubes performance ratings you may choose from. If you do need to change the bias point to accommodate your chosen set of Groove Tubes, it is comforting to know that you can get that same rating time after time and not have to worry about biasing your amp again. 

ABOUT THE BIAS PROBE 
There is a new device available called the Bias Probe. It is an inline adapter which is plugged in between the amplifier and an output tube and directly monitors the total current flowing through the tube. This reads out directly on a digital voltmeter and may be adjusted easily to the required settings which are provided in the Bias Probe manual. A correctly biased amp will have an exact current range the tube will draw, so therefore the measurements made with the Bias Probe are repeatable and quick to get. 
This method offers the best of both worlds: it’s fast, accurate, and requires a minimum of test equipment. Perfect for the band on the run or the music shop that doesn’t have a full-time tech on staff and wants to be sure a customer’s amp is correctly biased when purchasing a new set of Groove Tubes. 
The Bias Probe is a product of JHD Audio and is available through them, or you may order one directly from us. Any DVM that reads a 200mV range will do nicely. 

GT SURVIVAL TIPS TUBE AMPS 
Tube amps are simple, and so they are easy to keep running smoothly. However, if you neglect to follow a few simple rules, you can buy yourself some expensive trouble. What follows are some suggestions you can try that will put your amp in top condition and keep it there. 

Tip #1 - Speaker Impedance 
The proper matching of the impedance between your tube amp and speaker is extremely important. Improper matching will cause severe tube wear and is a common cause of early tube failure. Some amplifiers are more sensitive to this than others. Among the most sensitive are Marshall amps. Pay attention that the Marshall’s impedance selector is on 16Ω when you’re running a common 16Ω Marshall cabinet, and reduce it to 8Ω when adding a second identical cabinet. Always check your cabinets by measuring with a volt meter on the Ω scale (these meters read low, I.e.: an 8Ω cabinet might read 6Ω while a 4Ω cabinet could read 3Ω). Another way to determine the impedance of your cabinet is to read the individual speaker impedance and note how they are wired. 
If there are two 8Ω speakers wired in parallel (+ to both + ‘s and - to both -‘s), then the cabinet will be a 4Ω load. If the two speakers are wired in series (+ to speaker #1 +, #1 - to #2 +, #2 - to -), then the cabinet will have a 16Ω load. In other words, parallel wiring halves the Impedance of the speakers while series wiring will double it. 
Find out the specified output impedance of your amp by asking a service station or perhaps your local dealer. The common amps are: Marshall, variable 4, 8, and 16Ω; Fender Deluxes and Princetons -8Ω; Fender Twins and Dual Showmans -4Ω; Fender Super/Reverbs and 4-10 amps-2Ω. 
Beware the dangers of using a power attenuator with your Marshall, as most power attenuators do not match impedances closely enough for these imps. Using a power attenuator might let your Marshall distort at lower levels, but at the expense of much more rapid output tube wear—premature failure of he output tubes is common in Marshalls used with power attenuators. Fender amps are not as sensitive to power attenuators as Marshalls, because of differences in design in the output section. However, since the tubes are putting out full power into the attenuator, they will wear out quicker than if they were just coasting at a moderate output level. If you like the sound you get with the attenuator, be prepared to spend a little more on power tubes (see Groove Tubes Warranty regarding power attenuators. 
Tip #2 - Power Tube Replacement 
The regular replacement of power tubes is normal in amps with regular use. 
Just when to change them can vary with the type of use the amp gets and, how often it’s used. Most players should change their tubes once a year if they play moderately loud and fairly often. As the output tubes wear out, both the bass and treble responses of the amp will begin to suffer. This power loss from worn-out tubes isn’t always noticeable because it occurs gradually over time, and because power level differences aren’t easily noticed. It takes twice the power for the ear to hear just 3db more, and that’s just barely audible! Worn tubes will usually have poor, mushy bass response. Regular power tube replacement will guarantee consistent and reliable performance. It’s cheaper in the long run. 

Tip #3 - Drive Tube Replacement 
The driver tube operates in conjunction with the power tubes to form the power-amplifier section of the amp. The best power tubes will sound bad with a weak driver tube, as this is the tube that controls the output tubes—if it cannot control the output tubes, the amp can’t sound its best. This will show up particularly at higher power playing, or when playing the amp distorted. REPLACE THE DRIVE TUBE WHENEVER REPLACING THE OUTPUT TUBES! In most amps, the driver is the smaller tube (12AT7, 12AX7, 7025, 12AU7 or similar), which is adjacent to the output tubes. 

Tip #4 - Retensioning Tube Sockets 
NOTE: Because the tube sockets are connected to the very highest voltages in the amplifier, we suggest that the following work be done only by those having the proper knowledge of electrical safety. 
When tubes are changed again and again over time, the sockets’ female parts begin to stretch and not make good tight contact with the tube pins. This can lead to arcing and intermittent connections between the tube and the amp. This condition can be aggravated by the vibration from your speakers and so may occur on certain notes on your guitar or keyboard. You can correct this by replacing the socket (last resort) or by Retensioning the socket with a large safety pin, jeweler’s screwdriver, or small ice pick. Use a tool with an insulated handle if at all possible. 
First: disconnect the amp from the AC outlet and allow the amp to drain off any voltage by leaving your speakers hooked up to the amp with the standby “ON”. This takes just a few minutes and could save an awful experience later. Now remove the tubes and notice the contacts located inside each pin hole of the socket. These contacts spread the pin hole - do not push the contacts in so far that the tube will not re-insert. After you’ve Retensioned all the contacts, replace the tubes and notice how much tighter the tubes are held. 
You may also find corrosion on the contacts. Try spraying a little contact cleaner or WD-40 on a tube and inserting it into the socket a few times. This will improve the connection to the tube and prevent future corrosion. 

Tip#5 - Capacitors and Resistors 
The most common problem we see in tube amps (other than tubes) is worn-out capacitors and bad resistors. What follows are some common symptoms of bad resistors and capacitors, why they can go bad, and how to locate and fix the problem. 
NOTE: Tube amplifiers contain high voltages which may be lethal, even if the amp has been off for some time. We do not recommend that you open your amp, or try to perform any repair operations unless you are properly trained in electronic servicing. Again, there are large voltages present in your amplifier that can kill, even with your amp unplugged from the wall. Having said all that, you may now read on. 
A common result of cheap tubes failing is that they will take out a screen grid resistor with them (usually located across the inside of the tube socket, or near by). These take the heat when the tube shorts and can fall out of specification easily. This will cause improper function of any power tube you place in the faulty socket—if the resistor is open, the tube may as well not be in the socket! In any case, the amp will not be reliable until the screen grid resistor(s) have been replaced. Fender amps usually a 1W 470Ω screen grid resistor, while Marshalls generally use 5W 1KΩ resistor for this purpose. The screen grid resistors can be checked using an Ω-meter to measure their resistance. The measurement should be within 10% of its marked value. 
Another common source of poor sound quality would be worn-out filter capacitors in the output or supply stage of the amp. This is especially common in amps over ten years old. These are fairly large components and are often mistaken for “metal tubes” at first glance. The filter caps “filter out” the 60Hz hum from the power source and through the years they dry out and filter less and less. As the 60Hz hum is now present in your audio output, it will create an odd harmonic that will seem to follow your notes up and down the scale. It’s almost like having somebody singing off- key all the time. In addition, since the amp is now producing sub-harmonic notes, the power is sapped and the overall response of the amp will become weak and sound mushy. 
Inspection of filter caps can usually determine if they are bad. These large metal cylinders are easy to spot. Fender amps have them on the under side of the chassis, between the transformers, covered by a 4” x 6” metal pan. It is therefore not usually necessary to remove the amp chassis from the wood cabinet. Remove the pan and “drain” the capacitor by touching a screwdriver from the hot side of the caps to ground. Now inspect the top side (or positive) of the part, looking for a broken or swollen seal. This can look like a little bubble about to pop, or it could have already burst and have powder coming out. Capacitors have this relief seal to expose when they go faulty. Be sure to replace them with the same value (or greater value) and make sure they are placed with the proper polarity. 
Marshals have their filter capacitors placed upright on the chassis held at the base with a clamp. The chassis must be removed from the wood cabinet to inspect the filter caps. Observe the same procedure for inspection of the capacitors. It should be mentioned that if you replace your filter caps, I you should connect your amp to a Variac and power the amp upper slowly to allow the caps to charge and form properly.
Here’s another chapter we reprinted from Tom Mitchell’s excellent book “How to Service Your Own tube Amp’. The entire book and an accompanying video are available from the GT Catalog. 
Chapter 15 

WHAT NOT TO DO! 
It is always surprising to me how much misinformation (or total lack of information) there is regarding the safe and proper methods of operating and maintaining audio equipment. To set the record straight on some of the most prevalent misconceptions, the following is a list of what not to do! 

DO NOT VOID YOUR WARRANTY. 
Tampering with the innards of an amplifier will void the warranty. As long as the warranty is in effect, you can get your amp fixed for free, so why waste a valuable benefit like that? This is not to say you can’t perform your own maintenance such as cleaning pots and contacts, changing tubes, retensioning the tube sockets, and so on. Remember, doing your own repair work and modifications will void the amp’s warranty. After the warranty expires, you’re on your own. Then you can feel free to start tinkering. 

WD-40 IS NOT A CLEANER. 
Neither is “Gunk”, rubbing alcohol, or water (the use of any of these products will cause serious damage). If you want to clean a potentiometer, switch, or contact, use “tuner cleaner” or a spray that leaves a silicone lubricant behind. Radio Shack 64-2315 tuner cleaner, or Cramolin R-2 (and R-5) are excellent choices (Cramolin being the preferred type). When cleaning tube sockets, however, I recommend using a contact cleaner that leaves no residue behind, such as Radio Shack 64-2322, Rawn contact cleaner, or Caeon 27 (Caeon being the preferred type). The lubricant in tuner cleaner, combined with the high voltages present in tubes, attracts the dust and airborne contaminants, many of which are organic in composition. This means that their chemical compositions are based on the element carbon, which is used in the construction of resistors. In a short period of time, the foreign material will build up and bridge together adjacent pins on the tube socket, causing a phenomenon called “arc”. Watching this happen is very much like watching a small fireworks display, the result being a destroyed tube, burned up tube socket and possibly other problems as well. The point here is, use a cleaner that leaves nothing behind. The converse of this rule is also true. Do not use non-lubricating contact cleaner in potentiometers. It will dissolve the grease in the pot bushing that allows the shaft to rotate. The result is frozen pots. Use tuner cleaner in pots, use contact cleaner in tube sockets...PERIOD. 
DO NOT SET THE AC VOLTAGE SELECTOR INCORRECTLY. 
Not all amplifiers have selectable line voltages. For those that do, these are the facts. The power transformer is designed to provide a specific output voltage from the secondary, given a specific primary (or power Line) voltage. The circuitry in the amplifier is designed to operate at this predetermined voltage. Incorrect setting of the selector can cause voltages far below or far above those required for normal and safe operation. I have heard the surprising (and dangerously incorrect) notion that setting the selector at 220V with a line voltage of 120V gives you a good distortion sound. Doing anything like this (or, even more dangerous, selecting 120V with 220V on the power line) can wreak havoc with your output tubes and transformer due to incorrect bias, and incorrect B+ power supply). If you plan to do this, prepare for massive failure that even an experienced technician will have difficulty servicing. If you feel like doing this, take a deep breath and wait until the feeling passes. In other words, the rule is this . . . if you plan to monkey with your voltage selector . . . DON’T. Use your multimeter to find out what the line voltage from the wall socket is, set your selector to the nearest voltage below what the meter reads, and leave it there. 

DO NOT USE A VARIAC. 
A variac is a variable AC source (vari-AC). It is a special type of transformer with a large knob which permits the operator to select an output voltage anywhere between zero and 130V AC, given a 120 volt AC input. The consensus on using a variac with an amplifier is that you can get great distortion at 90V (or 130V). The facts here are the same as setting the voltage selector incorrectly. If you can afford to buy a new amplifier every week, go ahead and use one of these, but be advised that you can get a better sound out of your equipment by installing new tubes often, checking the bias, and performing regular maintenance check-ups. A variac is used by technicians to test amplifiers by slowly bringing the AC power up and monitoring the amp’s symptoms on test equipment. The improper use of variacs is one of the things that keep technicians in business, due to the massive failures that occur from their use by non-technicians. The best way to use a variac is to not use a variac. 

DO NOT SEE THE IMPEDANCE SELECTOR INCORRECTLY. 
Matching the impedance of your speakers to the output impedance of your amplifier is a critical adjustment. Some people have the misguided notion that putting an 8Ω load on an amp with the impedance selector set to 16Ω somehow increases the output power (by some sort of “magic”, I suppose), or that running a 16Ω load with the selector at 4Ω gives you a “good” sound at a lower volume. Regardless of the myths, one thing that doing these things will do is to cause the power tubes to work too hard (due to the impedance mismatch) resulting in premature tube failure and possibly output transformer damage as well. If the amplifier was designed to operate at a specific output impedance, by all means make sure that the speakers used are the correct impedance. The amplifier was designed to operate at its peak efficiency when the output is properly loaded. 

DO NOT MIX SPEAKER CABINET IMPEDANCES. 
When connecting more than one speaker cabinet to an amplifier, make sure that they are all the same impedance. When connecting two similar cabinets together to the same amplifier, the impedance is divided by two (this is only true when the impedances are the same). This formula does not apply to speaker cabinets of dissimilar impedance, as the method of calculation is different. For example, connecting an 8Ω cabinet and a 16Ω cabinet together to a common amplifier will result in a combined impedance of 5 1/3Ω. Since there is no such impedance selection available on any amplifier, an impedance mismatch would occur, resulting in a potential for damage to the amplifier’s output circuit. Choose your impedances wisely. 

DO NOT OPERATE AN AMP WITHOUT A SPEAKER ATTACHED. 
One of the fastest and surest ways of causing serious damage to an amplifier’s output circuit is to operate it without a load (speaker) attached to the secondary of the transformer. When the impedance selector is properly set and the correct load is attached to the speaker jack, the impedance required by the plates of the output tubes is correctly balanced by the load (speaker) that is connected to the secondary of the output transformer. In the absence of a load on the transformer secondary, an imbalance occurs. Bear in mind that the speaker is actually a part of the amplifier circuit, and removing it is as potentially damaging as removing any other component from the circuit inside the amplifier. As the speaker operates, it reacts with the circuitry within the amplifier. Without the reaction from the speaker the output circuit becomes extremely unstable. Output tubes, sockets, associated components, and the output transformer will most likely become smoldering casualties when the amplifier is operated without a load. 
NEVER USE GUITAR CABLE AS SPEAKER CABLE. 
This is a problem that is not really an obvious one. Everyone does this at one time or another without realizing the potential for damage. Another way of describing guitar cable is by its more appropriate name, “shielded cable”. Typical shielded cable has a single insulated wire in its center completely surrounded by a flexible metal braid. This braid is the cable’s “ground” and shields the internal connector (called the “hot” lead) from external interference (usually a 50-60 cycle hum). While this is ideal for reducing noise for guitar inputs, this construction gives rise to problems when used in an output circuit. Owing to the large amount of conductive surface area provided by the shield, it follows that this type of cable has a large amount of internal capacitance. Given this fact, the longer the cable the larger the capacitance. A typical 20 foot long guitar cable can add sufficient unwanted capacitance to the output circuit to interfere with the performance of the amplifier. Since this capacitance reacts with the impedance of the speaker, an impedance mismatch occurs and the potential for circuit damage is present. An additional problem exists. In some less expensive shielded cable, the internal “hot” lead is very narrow gauge wire. Speakers operate at high current levels and since this small wire is designed to operate with microphone level signals (0.025V is typical) it is not capable of handling speaker level (in excess of 100V peak-to-peak is typical of a 100 watt amp into a 16 Ω speaker). In some extreme cases, the insulation on the “hot” lead in the cable literally gets hot, the insulation melts, and the “hot” lead shorts to the shield, effectively shorting out the amplifier. Amplifiers were not designed to run into a dead short, and damage can (and most likely will) occur. Use quality speaker cable that is at least 16gauge. Twelve gauge is preferred (the smaller the gauge number, the thicker the cable), and keep the cable length as short as possible, just long enough to reach from the amp to the speaker cabinet. 

NEVER USE SPEAKER CABLE AS GUITAR CABLE. 
Fortunately, if you do this, no damage will occur. Speaker cables are not “shielded and so are not constructed to block out external interference. This is just a performance tip. If you plug your guitar into your amp and you hear a loud hum, but the guitar still works, you probably mistakenly used a speaker cord in place of a guitar cord. This is a mistake that you will probably only make once (more often if your guitar and speaker cables look alike). 

DO NOT EXCEED FUSE RATINGS. 
When a fuse blows, your amp is trying to tell you something. A blown fuse means you have a bad amp, not a bad fuse. A fuse is a protection circuit designed to interrupt the flow of current when the fuse’s current rating has been exceeded. If you power your amp up and the fuse blows, replace the fuse with a new fuse with the same current rating. If it blows again, the amp needs immediate service. If the fuse doesn’t blow, you should perform some routine maintenance checks to the amp (bias incorrectly set, loose tube sockets, etc.). If you don’t have the right type of fuse, do not use an automotive 30 amp fuse, or wrap foil around the bad fuse. This invites trouble. In fact, if you decide that you are going to do it in spite of this advice to the contrary, invite some friends over with marshmallows and wienies because your amp is going to go up in smoke. 

NO SOLDERING GUNS. 
Use a soldering iron, not a soldering gun. A soldering gun has a blunt tip, is clumsy to use, and concentrates too much heat on the work being soldered to be practical for electronic work. Using a soldering gun can cause permanent damage to circuit boards and components. Always use a soldering iron. 

DISCONNECT A.C. WHEN NOT MEASURING VOLTAGE. 
It seems so obvious, and yet it’s easy to forget to do this. Of course if you do forget, you run the risk of having a “shocking” reminder never to do it again. In fact, you may not get another chance to make this mistake twice, since you run the risk of being electrocuted. 
ISOLATE YOURSELF FROM EARTH GROUND. 
When working on electronic equipment, perform your work on a wooden workbench, wear rubber-soled shoes (Converse high-tops will do nicely and perform your work in a room with a wooden or carpeted floor. Doing all of these things reduces the risk of fatal electrocution, should you forget to disconnect the A.C. from the equipment being serviced. Still use extreme caution for these procedures only reduce risk, they do not eliminate it. 

PROBE WITH ONE HAND. 
Keep your other hand in your pocket or behind your back. Also make sure that the hand operating the test probe never touches the chassis. The only thing that should be making an actual physical contact with the circuitry is the tip of the test probe. If you were using two hands, with one hand holding the amplifier chassis, which is ground, and the other hand holding the test probe and your hand slipped and touched the power supply, your body would complete the connection, and the power source would discharge directly through your heart. The rest would be history, and so would you. You should use the recommended clip leads to avoid having to use two hands to make voltage measurements. Clip one lead to the chassis of the amplifier and leave it there. Now you only need to use one hand and one probe to take your voltage readings. 

CHECK POWER SUPPLY FILTER CAPACITORS FOR STORED CHARGE. 
Even with the A.C. disconnected, the potential for electrocution is still present. It is the function of capacitors to store charge, and in the case of the power supply filter capacitors they do an amazingly good job. Although some amplifiers have resistors attached directly across the capacitors to give the stored charge a way to “bleed off” (these are called “bleeder resistors”), it is not unusual to see an amplifier that does not have these resistors. If there are no bleeder resistors in the power supply, as in some Marshall 50 watt amps, it is common to find a stored charge of many hundreds of volts still in the capacitor even though the amplifier has been off for hours. To remedy this, technicians use a power resistor with clip leads on both ends to bleed off the charge. Use caution, however. Even after the charge has been bled off, the charge may reappear after the bleeder is removed, even though you did not turn the amplifier back on. This is due to “soakage”. The dielectric in the capacitor ‘remembers” the charge that the capacitor used to have, and it causes the charge to return. Monitor the filter caps periodically, and leave the bleeder attached until you power up again.

OBSERVE COMPONENT POLARITIES. 
Electrolytic capacitors and rectifiers are both polarized components. That is to say that they will only function properly in a circuit when the current is flowing through it in one direction. This also means that if the component leads are reversed in the circuit, catastrophic failure is certain to occur. Electrolytic capacitors are labeled with a positive terminal and a negative terminal. If it is installed backwards in an amplifier circuit, which has voltages in excess of 400V, count on an explosion. Rectifiers are also polarized components. They have a band at one end and this band tells you which direction to install it in the circuit. A rectifier permits current to flow through in one direction, but blocks current flow in the opposite direction. If installed in reverse it will definitely result in failure of not only the rectifier, but most probably other circuits as well. If you must replace one of these types of components, make sure the new one goes in the same way that the old one came out.

WHEN REMOVING WIRES, LEAVE CLUES FOR YOURSELF 
Whenever I need to replace a transformer, I clip the wires off where they attach in the circuit so that about half an inch of insulation is left. Transformer leads are color-coded, and this saves me a considerable amount of time when I reinstall the replacement. It is simple to find where the new wire attaches, since a small piece of color-coded insulation remains where the old wire used to be. Wiring to tube sockets is usually color coded as well, and this trick works when a tube socket needs to be replaced.

BEFORE DISASSEMBLY, DRAW A PICTURE. 
Although the phrase has been over-used, a picture is worth a thousand words. If you are going to remove a tube socket for example, draw a picture of what it looks like before you begin. Show where the grid resistors attach, how the wiring looks, color codes, and any other relevant details. When you begin to reconstruct the circuit, you know in advance how it is supposed to look when the job is complete.
USE YOUR SHARPIE. 
One tool that I use very often is my “Sharpie” indelible ink marker. The ink from this pen resists heat extremely well, and I use it for writing directly on tubes. With tubes installed in their sockets, I draw “register marks’ on them which start about half an inch from the base and extend off the tube, on to the socket, and end up on the chassis. When I must remove a tube for some reason, the register mark saves me time when I plug the tube back in. I line up the mark on the tube with the mark on the socket and I can push it right into place without having to fumble around trying to align it properly. I also write the date that I installed the tube, so that there is no mistaking how old it is when it comes time to replace it. A Sharpie can be used to make a reference mark on a reverb tank, so that the connecting lines get reconnected properly, and it can also be used to mark the polarity of a rectifier or capacitor on a circuit board to facilitate replacement, assuring me that the new part goes in observing the correct polarity. Of course, a Sharpie can be used as a prod to check for loose components, since it is made of plastic and is non-conductive. By using a little imagination, a Sharpie can definitely become a time saving tool.
DO NOT HANDLE HOT TUBES WITH YOUR BARE HANDS. 
This is another tip that seems so obvious, and yet everyone is guilty of doing this at some time. Grabbing a hot tube with your bare hands is a good way of building up calluses very quickly, if blisters don’t bother you much. This hurts about as much as grabbing a hot soldering iron with your bare hands, which is also a little foolhardy. If you must remove a tube while it is still hot, do so with a towel, or an oven mitt. The preamp tubes don’t get nearly as hot, but caution is still recommended. Either protect your hands before grabbing a hot tube, or wait about ten minutes for the tube to cool off. Handling a tube while it is still hot can also cause damage to the tube if it is handled roughly. Hot tubes are fragile, so handle them with care.

DO NOT MEASURE “V” WITH A MULTIMETER SET TO “Ω” 
A multimeter is a sensitive instrument and can easily be damaged if used incorrectly. Measuring high voltage with your multimeter inadvertently set to a low Ω setting can (and usually will) cause permanent damage. Always anticipate what you will be measuring and set your multimeter accordingly before you take a reading. 

Here’s another chapter we’ve reprinted from Tom Mitchell’s excellent book “How to Service Your Own Tube Amp”. The entire book and an accompanying video are available from the GT Catalog. 
Chapter 17 

MAINTENANCE CHECKLIST 
DISCONNECT THE A.C. LINE 
Before disassembly, the A.C. line must be disconnected. Doing so will permit you to avoid electrocution. 
CHECK FOR STORED VOLTAGE IN THE FILTER CAPACITORS
Power supply filter capacitors can store charge for days. If these capacitors have no way to “bleed off” the stored charge, it is quite possible that few days later many hundreds of volts are still present. This stored charge is potentially lethal. Make sure you discharge the capacitors through a bleeder resistor. 
CHECK FOR LOOSE CONNECTIONS
Try moving each component with a non-conductive probe (like the Sharpie that you’ve heard so much about). Physically move each interconnecting wire and check for bad connections on either end. Finally, make sure that all screws, bolts, nuts, and jacks are tight, since ground connections to the chassis are typically made through them. 

CHECK FOR FAULTY OR DAMAGED COMPONENTS. 
Visually inspect each component for signs of cracking or over heating. 
Electrolytic capacitors loose their electrolyte through the positive end. 
Check for signs of leakage. 

C
HECK FOR ARC ON TUBE SOCKETS. 
When a power tube goes bad, it often burns the socket that it is plugged into. The black carbon residue left behind is called “arc”. This arc must be removed because it causes a conductive path between two adjacent pins on the tube. In extreme cases, replacement of the entire socket is recommended.

TIGHTEN THE TUBE SOCKET PIN CONNECTIONS. 
The connections in the tube socket become slack with time and do not make a good connection, especially when tubes are replaced frequently. Loose tube sockets are frequently the reason for socket arc. Remove the tubes. Using a jeweler’s screwdriver, apply a small amount of pressure on the pin contacts until they move in towards the center slightly, effectively reducing the diameter of the contact. Repeat with all the other contacts. Spray some non-lubricating contact cleaner into the socket and replace the tubes. 

CLEAN POTENTIOMETERS, CONTACTS, AND SWITCHES
Spray tuner cleaner into each potentiometer and rotate each shaft no less than five times (more if very scratchy). Spray cleaner into each input output jack and insert and remove a plug into each jack no less than five times. Finally, spray cleaner into all switches (except power and standby and operate no less than five times. 
CHECK BIAS. 
At this point it will be necessary to reattach the A.C. and power up the amplifier while disassembled. Make sure that the speaker is attached before powering up. Check the bias (or balance) and readjust, if required. 
REASSEMBLE. 
Make sure that you disconnect the A.C. power and speaker line prior to reassembly. 


Marshall chassis 
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Fender chassis

THE AMPLIFIER SIGNAL CIRCUITS 
reprinted from “Electric Guitar Amplifier Handbook” by Jack Darr 

The first thing to do in servicing an electric guitar amplifier is to look it over carefully. Find out what it isn’t doing, and, just as important, find out what it is doing. As in all electronics work, the diagnosis is the hardest part. First, look for what is working; this will give you an idea as to what is not.
Troubles in amplifiers will fall into three classes; it will be dead, weak, or sound funny. This last class covers hum, oscillation, motor-boating, and similar things; in other words, the amplifier is making the noises itself when it should not. The first thing to decide is in which class this trouble falls. Make the easiest possible test: turn the instrument on and listen to it. A normal reaction in a functioning amplifier is a slight rushing sound in the speakers called “blow” (as if you were blowing very softly into a microphone). Some slight hum is also normal, especially if the input connections are open and the volume controls are turned up. All tubes should show a little light in the top, but none of them should get red hot or show any flashing between the elements. If you see the latter, turn off the amplifier immediately; there is a short somewhere in the power supply. Also, if you hear a loud hum, smell smoke, or see smoke coming from under the chassis turn it off. 
Take the easiest problem first - the completely dead amplifier. Nothing happens when you turn it on. This means that some part has completely broken down, and it is easy to find. Simply check out all circuits in the amplifier, beginning with the power supply. It doesn’t take long to find a bad component with the proper tests. These tests are listed in later paragraphs. First, look at the statistical order of failures in this kind of electric equipment. The author’s experience in actual repair operations indicates certain troubles are more likely than others are. The experienced technician checks them in the order of frequency of occurrence, and he finds the trouble faster. 
Likelihood of failures comes in this order: 
1. Tubes
2. Power supply

3. Components - resistors, capacitors, and controls

4 Cables - plugs and wiring between the guitar and the amplifier 

5. Transformers—output transformers, speakers and power transformers. 
Remember this list, and use it; it will make the repair job a lot faster, If you find a completely dead amplifier, the first thing to look for is a bad tube. The second most likely source of failure is something in the B+ power supply, and so on in the order given. 
In checking electric guitars, break the complete system down into three parts - the amplifier itself (including the speakers), the connecting cables, and the guitar (including the pickup and controls on it). Here is how to check it out. First, pull out all cables to the instruments and mikes. Turn the amplifier on, and listen for any signs of trouble. See if you can hear the normal blow or hum that means it is alive. If you do not, check at any one of the inputs. Turn its volume control all the way up, and touch the hot terminal of the jack. If the amplifier is working, you ought to hear a very loud buzz or honk noise in the speaker. There are two easy ways to make this test: One, plug in one of the cables, and touch the tip of the phone plug; this is always connected to the hot terminal on the jack. Two, make up a special test plug with the hot wire brought out to where you can touch it with a fingertip. Try this on an amplifier you know is working, and you will recognize the sound the next time you hear it. 
If you hear a loud buzz, chances are the amplifier is all right, so go to the connecting cables. Plug them into the amplifier one at a time, and touch the center conductor of each cable. Again, the loud buzz says this section is functioning. Before going on, however, flex each of the cables near both connectors while touching the center conductor. Any static or break in the buzzing sound indicates there is a problem in the connector. Look over each one carefully for poorly soldered connections, broken wires, and strands of wire shorting across the connector. The section on servicing has procedures for repairing shielded cables. 
When the connecting cables have been eliminated as the source of trouble only the pickup remains. About all that can be done here is to substitute a new unit. If it is definitely established that the pickup is at fault, some effort can be made to repair it, and there are suggestions in the section on servicing as to how to proceed. Since these usually are sealed units, it is probably quickest to replace the pickup if replacements are readily available. If you don’t hear a loud buzz when you touch a hot input terminal, the amplifier is dead. Check to be sure that all volume controls are turned on in the channel you are testing. (In all servicing, you must watch out for the obvious; it is easy to overlook. For instance, if you are not careful, you may take the amplifier out of the case looking for a dead stage, and then find out that the master gain control had been turned off. Don’t laugh - it has happened!) 
If you can’t get a sound through the amplifier from one input jack, try another one: try them all, in fact, before you pull the amplifier chassis out of the case. It may be that one channel is dead and the others are all right. If no sound is heard at all, pull the amplifier. More detailed testing will have to be performed. 
Set the amplifier upside down on the bench, and make sure that the speaker is still connected. In high-powered amplifiers you can overload the output tubes and burn up a very expensive output transformer in about one minute if the amplifier is turned on without the right load (the speakers) connected. In some amplifiers you may have to rig up extension wires, but this is easy. Transistor amplifiers are even more critical than the high-powered tube- types, on this point. There are two basic circuits used, the output transformer type and the transformerless type. Each has its own individual requirements. With the Class-A single-transistor type, do not turn the amplifier on with the speaker open. These will stand a short across the output, but operating the amplifier with the output open may blow the output transistor. 

The output-transformerless types are exactly the opposite. They can withstand an open circuit in the output, but a short across the speaker terminals will blow both output transistors in a fraction of a second. When you hook up extension cables to the speakers or to a dummy load resistor, be very sure that there are no dangerously exposed bare wires, such as wires twisted together for extensions. Use only well-insulated test leads with insulated alligator clips, etc. 
The reasons for this circuit peculiarity will be discussed in detail in the section on power-output testing. 

CHECKOUT PROCEDURES 
Here is a step-by-step method of testing that will show you where the trouble is in the least possible time. This is based on actual field experience in repairing these amplifiers, so follow it as closely as you can. 
1. Check the B + voltage - most of the troubles will be found in the power supply. 
2. Check the amplifier, stage by stage, for voltage on plates and screen grids. Use a dc voltmeter for testing, Set on a scale that is at least twice the maximum voltage you expect to find. For example, if there is about 250 to 300V of B+, then use a 500volt scale to save damaging the meter. When servicing, always start at the output - the speaker and output tubes—and work your way back toward the inputs. Why? Because this is the fastest way! No matter what you find in the early stages of the amplifier you can’t tell if the basic trouble is fixed unless the output tubes and speakers are working. So, start at the output. Check back through the circuit, fixing all troubles as you find them, and when you get to the input, the amplifier will be working. 
When you make voltage measurements, watch the meter reading and listen also. When you touch the voltmeter prod to the plate of an amplifier tube, you will hear a small pop in the speaker if everything is working past that point.
This pop won’t be very loud when the plate of the power-output tube is touched, but it will be on the control grid. So, if you get the right voltage on the plate and screen, touch the grid with the prod. This should give you a louder pop, for you have gone through the circuitry of the tube, which amplifies the tiny disturbance you make when you touch the grid with the prod. 

SIGNAL TRACING 
As you go toward the input, you will hear louder and louder pops. This is one of the oldest methods of troubleshooting known - it was worked out back in the early days of radio where they called it the circuit disturbance. It is still just as good as it was then, since it works every time. 
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Fig. 4-1 Sequence of Testing Amplifiers 
As you go along, watch for the stage where there is no pop. That is where the trouble is! Fig. 4-1 shows a partial schematic of a typical amplifier. The idea is to check the signal path by listening for pops as the voltages are being checked. This path starts at the input and goes all the way through in a plain series circuit. Each time the signal passes through an amplifier stage, it gets louder (more amplification). Anything that breaks the chain will stop the signal right there. You can see the test method: Start at the output and work back toward the input. The numbers in Fig. 4-1 show the correct sequence. For this test it is assumed that the power supply has been checked and the right B+ voltage found at the filter output (X). If the output of the power supply is correct, the power supply itself must be all right. The trouble must be somewhere in one of the amplifier circuits. As an example, look at a typical case of trouble. Suppose you get good loud pops all the way up to and including test point No.6. At point No.7 you get a pretty weak pop, and hardly any at all on No.8 (the control grid). This means that the trouble is somewhere in the preamp stage and everything from there on is normal. The first step is replacing the tube - this is done simply because it is easiest and the problem could be a bad tube. If this doesn’t help, leave the new tube in, at least until the trouble is found.
Next, measure the DC voltages around the tube plate and screen. Assume that the plate voltage is nearly all right, but there is no screen grid voltage at all. This means that there is one of two troubles - an open screen-grid dropping resistor, or a shorted screen bypass capacitor. Either one will give the same symptom. Now you start to eliminate. (All of this work is a straight process of elimination. Just keep testing until you find the bad part, once the defective stage has been isolated.) 
First - measure the supply voltage at point X (the supply end of the resistor) to be sure that it is there. When you look at the schematic, it would seem that the earliest checks of the power supply output would also check out this point. Remember, however, there are wires connecting the various 

common points in the chassis, so these wires have to be eliminated as possible points of failure, at least indirectly. Assuming the proper voltage present at X, the fault must be in the screen grid dropping resistor or the screen bypass capacitor. Turn the set off, and take a resistance measurement with an ohmmeter from the screen-grid tube pin to ground. If the capacitor is shorted, there will be a zero reading here—a dead short. If the capacitor is good, you will get a reading of the resistance of the screen dropping resistor plus the resistance to ground through the power supply. A normal reading here is something like 1 to 2 MΩ. In this kind of circuit the screen dropping resistor is usually 820KΩ to 1.2MΩ. 
This resistor could be open, so you take your next measurement directly across the resistor itself; the reading should be the rated value. All resistors are color coded to tell what size they are supposed to be. The ohmmeter reading must agree within 10% of this. If this resistor reads completely open, there is the trouble! Replace it with another of the same size and wattage, and turn the set on. The screen grid voltage reading will be normal. The input will now pop as loud as it should, and the input jack will give a very loud buzz or honk when touched with a fingertip - if the resistor was the only source of trouble. 

DETERMINING VOLTAGES WITHOUT SERVICE DATA 
In the previous section, you made a voltage analysis of the amplifier using information gained from the schematic diagram of the amplifier. However, 
at times schematics are hard to find. Now see what can be done if you must test an amplifier circuit without this information. Fortunately, most of the amplifiers are conventional and since they use the same basic circuits, you can use a model amplifier for comparison. It has been done for many years. Servicing is easier if you have the service data, of course, but you can still test an amplifier and find the trouble if you know what each stage i supposed to do and how it does it. That is the reason for so much detail in the first section. How can this information be used in checking an unknown amplifier? 
Fig. 4-2 shows the schematic of a commercial amplifier. This one isn’t actually unknown, but it will serve as an example. What should the normal voltages be? Incidentally, there is a very valuable feature in your favor when checking voltages in vacuum-tube amplifiers - tolerance. A tube voltage can be inside a certain range, and still be all right. For example, a tube plate voltage rated at 100V can measure from 90 to 110V and still operate without affecting the performance of that stage. This is a 10% tolerance; many voltages have 20% or even slightly more. The only voltage that is really critical is the grid bias. 
When you start on the unknown amplifier, the first thing, as always, is the supply voltage. Check the B+ voltage, at the filter input (point 1 on the schematic). How much should it be? 
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Fig. 4-2 Schematic of a Gibson GA-6 

A very accurate idea can be arrived at by measuring the ac voltage on the plates of the rectifier, and converting. With a normal load it can be assumed that the rectified voltage will be 10% to 20% above the rms voltage on the plates. In this one you will find about 320V rms on the plate, so an added 10% will give about 350V at the rectifier cathode for a guess. 
In the circuit shown, a 10KΩ resistor (R2) is used as a filter choke, giving a fairly large voltage drop. The circuit indicates that the plates of the output tubes are connected directly to the rectifier output (filter input) through the primary winding of the output transformer; their plate currents will not flow through the filter resistor. This connection provides more voltage on the output tube plates; it also results in more hum. However, this hum is canceled out in the push-pull output transformer, so this circuit is a practical arrangement to get a bit more plate voltage and consequently more output. Here the power-tube plate voltage will be very close to the voltage found on the rectifier cathode, or about 345V, since the only drop is in the output transformer. 
What should the voltage be at the filter output (point 2)? 
The screen current for two 6V6s is being drawn through this resistor and also the plate currents of the first two tubes, 12AX7 twin-triodes. From the tube manual, screen current is about 4.0mA for the pair of 6V6s, and 1.0mA each should be a fair average value for the first four triodes. This gives about 8mA current, which, by ohm’s law, is an 80volt drop across 10KΩ or 270V at point 2. When you examine the B+ circuits further, you will find another 10KΩ filter resistor (R1). This one carries only the plate currents of the preamplifier triodes (previously estimated at 4mA for the four), so the drop across it is 40V. This gives an estimated 240V at point 3. Plate currents in voltage amplifier stages average from about 0.5mA to 1.5mA. The 1500Ω cathode resistor connected to tube V2 makes the negative bias higher than on V1, and reduces the tube current. If the plate current in V2 is assumed to be 0.8mA and 1.2mA is assumed for V1, the drop across load resistors R3 and R4 will be 80V, and across R5 and R6 it will be 120V. Since the estimate for point 3 came out 240V, the plate voltage on V2 will be 160V, and on VI it will be 120V. Thus, approximate readings for all points in the B+ circuit have been obtained. 
When estimates are compared with the manufacturer’s published data (Table 4-1), they turn out to be reasonably close - within 10%, in fact. Things will not always work out this well, but you see that it is possible to estimate all B+ values using some educated guesses and a tube handbook. 
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Fig 4-3 B+ circuit of the basic amplifier

How do you know the size of the plate load resistors? They are color-coded so you can tell at a glance. Just find the plate connections on each socket, and look at the color coding on the resistor connected there. Any electronics handbook will tell you what the colors mean. You can also get an idea of what the normal plate voltage should be from the typical operating conditions table given for each tube in the tube manual. 
Fig. 4-3 shows the complete B+ supply circuit for typical amplifier stages, beginning at the first place where dc voltage appears - the rectifier cathode or filter input.
Learn this circuit; it applies to all amplifiers. If it is a bigger amplifier, there will be more; smaller ones will have less. It is always the same basic circuit. You can lift it out of the amplifier, mentally and follow it through to see if there is any trouble in the plate voltages. 

LOCALIZING THE TROUBLE 
Performance tests provide an easy way to find out just where trouble is. In other words, see just how much of the whole amplifier is working, and then concentrate on checking the part that isn’t. It is easy to do. Turn the amplifier on, and make voltage and pop tests through the circuit, beginning at the output. The first time you go through a stage and it doesn’t pop, there it is. 
Take a typical trouble and see how to pin it down. For instance, assume the output stage and the B+ supply in Fig. 4-2 are all right, but either the amplifier does not work, or it has a very bad tone. On pop tests you find that the plate of the upper driver tube (V2A) has a pretty weak pop, and the grid of the same tube has hardly any at all. Obviously, something is wrong, but what? 
Check the plate voltage; instead of the normal 170V or so, there is about 50V. This pinpoints the trouble as being somewhere in the driver stage. The first thing to check is the tube, so replace it - simply because this is the easiest thing to do, and experience has shown that tubes cause a lot of troubles. However, the results are the same, so the tube must have been all right. 
To proceed, look at the B+ supply circuit in Fig. 4-2. Note that the plate voltage of this tube is fed through a 100KΩ plate-load resistor (R3). Turn the amplifier off, and measure the resistance of this resistor. If it has opened up or increased in value, the symptoms would be exactly what have been described. However, it checks right on the nose at 100KΩ, so go on to consider other possibilities. The supply voltage at the bottom or line end of the resistor is all right, because it measures the same as the screen-grid voltage on the power-output tubes checked earlier. 
Summarizing the situation, the load resistor is all right, the tube is all right, but still there is not enough plate voltage. The only condition that can cause these symptoms is too much plate current being drawn through the load resistor, since it will also cause too large a voltage drop. The plate voltage is dropping across the resistor instead of across the tube. A tube draws too much plate current when the grid bias is wrong, so measure the voltage on the control grid. It ought to be zero; there is no bias voltage fed to the grid from any external source, and the 1MΩ grid resistor goes directly to ground. 
To measure grid voltages you must use a high-impedance meter - a VTVM or high-resistance VOM, since this, like all grid circuits, is very high impedance. A low-resistance meter will cause the voltage present to be incorrect, since the meter itself acts as a shunt. 
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Fig. 4-. Testing a coupling cap for leakage. 
	Assume that there is about 5V positive on the grid. 
This is definitely wrong. No grid in this type of amplifier ever reads positive if it is in good shape. It will be either zero or slightly negative. A 5-volt positive bias on a grid will cause the tube to draw a very heavy plate current; thus, the plate voltage will drop very badly because of the excess drop across the plate-load resistor.


Where could this voltage come from? Only a one-mega Ω resistor and a coupling capacitor are connected to this grid. The resistor goes straight to ground, so this is not a very likely source of voltage; however, the coupling capacitor is connected to the plate of the preceding tube, and this tube has about 120V positive on its plate. This is a likely suspect. 
In all cases a capacitor must be a completely open-circuit to dc. The capacitor is used to transfer the ac signal voltages from the plate (output) of one stage to the grid (input) of the one following; it must always block any dc from getting through. (Although the correct name for these is coupling capacitors, you will find them called blocking capacitors in some cases.) 
From the symptoms that have been assumed, it looks as if the capacitor must be leaking dc onto the grid. To make sure, disconnect the grid end of the capacitor, and hook the DCV probe of a VTVM to the open end. Now turn the amplifier on. If the capacitor is leaking you will read a positive voltage on the open end. This should be zero, of course, since a good capacitor is a completely open circuit for dc. A normal capacitor with good insulation will give just a very slight kick of the meter needle as it charges up. Then this reading will slowly leak off through the input resistance of the meter. If you have any residual reading, any voltage showing at all after the first charge has leaked off the capacitor is bad and must be replaced. Fig. 4- 4 shows how this test is made. With the capacitor hooked to the grid resistor as in the original circuit (Fig. 4-2), you will probably read 5 to 6V dc. With the capacitor disconnected, you may read as high as 35 to 40V positive dc on it if it is leaky. The input resistance of the VTVM (11MΩ average) is much higher than the 1MΩ grid resistor. If you use a VTVM for this test, set it on a low DCV scale. If you use a VOM, set it on a scale that will carry the maximum voltage to be read. In this case it is the 120V on the preceding tube plate. You can’t blow up a VTVM with a voltage overload, but you can damage a VOM, so be careful. After the first charging kick, set the meter to a lower voltage scale. For the final test use the lowest scale available; even one volt positive through a coupling capacitor means it must be replaced. 
You cannot make a leakage test with a common Ohmmeter. The actual leakage through these capacitors is very small. If you could measure it, the resistance would go up to almost 100MΩ (far above the capacity of a service Ohmmeter), but the capacitor will still leak enough to cause a lot of trouble. The voltage test is sure and fast, so use it. 
Capacitor leakage is a very common trouble; that is why it is used as an example. It will cause loss of volume, a very bad distortion, and even damaged tubes if the leakage is bad enough. All of these problems result from the change in the grid-bias voltage. The amplifier tubes are driven into a very nonlinear part of their operating range, and the tone suffers very severely as a result. In fact, after a little practice you will almost be able to identify the problem by listening to the amplifier. Leaking coupling capacitors give the tone a characteristic muffled sort of sound that is easy to spot. Now examine the process that you went through and the methods you used to find the trouble. Can you see the orderly steps in the example just given? The amplifier was examined one stage at a time, until a stage that was not doing its job was located. You stopped right there, found that trouble, and fixed it, before going any farther. 
You used a process of elimination to find the defective component. In electronics work there are always several things that can cause any given trouble. Did you notice that things were eliminated one at a time, until the faulty item was reached? First the tube (it is the easiest), then the plate supply voltage, next the plate load resistor, and finally the real villain, the leaky coupling capacitor were checked out. There are only a certain number of parts in any circuit that can cause any given trouble. Patiently eliminate them one at a time, and eventually you will find the right one. You may find it the first time; on the other hand, you may have to go all the way, as you did in the example. Just keep on until you find it. Later in this book there are more elaborate tests using complicated equipment. However, you will find that in this, as in all other electronics work, the majority of the troubles can he located and fixed with only very simple test equipment plus a good bit of plain old common sense. This is because a very large percentage of troubles are simple ones - a dead tube, a burned resistor, a leaky capacitor, and so on. Even the more complicated troubles will have very simple causes. 
Always remember the process of elimination, and use it. If you know how each circuit works, you can quickly find the one that is not working, and start from there.
MODS FOR AMPEG 

12DW7 to 12AX7

Courtesy of the MTI company when they owned Ampeg
Most of the common Ampeg bass and guitar amps used 12DW7 preamp tubes, which makes things a little sticky since the tube was discontinued. Have no fear, however, because we have the official Ampeg changeover operation and it’s pretty simple to change over and use the very common 
12AX7 type tube
For Models VT-22, VT-40, V-4, V-4B, and V-2 simply plug in the 12AX7 in place of the single 12DW7 in the preamp section. 
For the SVT bass amp, change Resistor R-25 to a 4.7K, and Resistors R-7 and R-6 to 220K. Then simply plug in the 12AX7 tube (also fine is ECC83 and 7025). 

CATHODE BIAS 
Courtesy of Ken Fischer, Trainwreck Circuits 
Most of the common Ampeg amps use a cathode bias system unlike the Fender-style amps where the grid supply is adjusted to set the proper bias. The majority of these cathode bias amps uses cathode resistors and bypass capacitors that are of too low wattage and voltage. A good rule of thumb is to double the wattage rating of the resistors and double the voltage rating of the bypass capacitors. Keep the bypass caps away from the heat of the cathode resistor; if this cap shorts out, your tubes will be history. 

CONVERSION OF AMPEG AMPS FROM 7027A TO EL34 
Many Ampeg amps built in the 60’s and 70’s used a 7027a power tube. This tube was recently discontinued by the last US manufacture and so players with these amps are going to be in big trouble. These amps are the V4 V4B, VT22, and VT4O among others. We at Groove Tubes have a limited number of 7027A’s and when they’re gone that’s it. 
Therefore we have engineered a few possible substitutions that can be easily made by any qualified tube amp tech. You can choose to modify your amp to use either EL34s or 6550s, depending on the sound and performance you’re looking for (see the description in the Groove Tubes Catalog). 
7027A to EL34: Take the amp to a qualified tech and show him the schematic in this book along with the following directions. Change the following resistors R41, 42, 47 & 48 (from 470Ω 1 watt) to 1KΩ 5 watt. Next change resistor R49’s value to a correct bias point while looking at a scope picture indicating the crossover distortion notch. 
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7027A to 6550: Use the same procedure as the above EL34 conversion and additionally change resistor R50 to a value of 82KΩ (82K). You will still have to change the value of R49 to the proper level to adjust the bias point correctly. 

CONVERSION: AMPEG SVT 
from 6146B/8298A to 6550 
The early SVT may be converted to use 6550 output tubes, resulting in a substantial reduction in re-tubing cost, with relatively little effect on performance. 
The modified amplifier (prototype) produced more than 280W R.M.S. into 4Ω at below 3%THD, line voltage maintained at 177V, 60 Hz. This is a reduction in output of only -0.30dBR. A slightly softer clipping occurred at full output, and the amplifier biased slightly cooler. 
The modification consists of four stages: 
1) Rewire the tube sockets for the different basing 
2) Derive a new screen supply 
3) Rescale the bias range 
4) Change driver tube type 
CAUTION: Be very careful! This amp has high voltages much higher and of much higher current capability than most amps—it only takes one mistake! 
PARTS AND EQUIPMENT REQUIRED: 
To perform this modification, you will need: 
2- 12AT7 tubes 
6 - 6550 (matched set preferred) 
6- 1KΩ 10W resistors 
Several each of resistors in the range of 62K to 100K, 1/4w 5%. 
Soldering iron, rosin core solder, DVM or VOM, scope and signal generator, 4Ω 250W (or greater) dummy load, some degree of skill 
PREPARATION: 
Remove the power amplifier chassis from the cabinet, and using compressed air or a vacuum cleaner and soft brush, thoroughly clean the dust from the cabinet and power amplifier. 
Remove the output tubes and drive tubes, and place the chassis bottom up, with the output tube sockets away from you.
REWIRING: 
1) Move the gray or white wire from pin 1 (or 6, some amps) to pin 8, (6-sockets). 
2) Move the orange wire from pin 3 to pin 4 (6-sockets). 
3) Unsolder the six plate-cap wires from the circuit board, and using #22 or heavier-stranded hookup wire, wire each pad to its corresponding socket at pin 3 (6-sockets). Make sure the wire you use is rated for at least 600V D.C. 
4) Leave pin 5 alone (6-tubes).
5) Remove six 22Ω 10W resistors from the PCB, and replace them with six 1KΩ 10W resistors. These resistors should be R-31, 33, 45, 28, 39 and 42 on your schematic. 
6) Looking at the foil side of the PCB, locate the common end of the six resistors just replaced. They are interconnected by an “(“-shaped trace, which has a trace branching to the screen supply (“E” on your schematic). The trace connecting to the screen supply must be cut. Be sure that you cut only the trace that feeds power to these six resistors! 
7) Solder a piece of hookup wire on the foil side of the PCB, between the junction of the six resistors that were isolated in 6) and the B+ source pad, which is located on the edge of the PCB to the left of the plate lease. Several red wires, including the red/white out transformer center tap lead, are attached here. 
8) It is now necessary to change the values of R21 and R22, to allow the amp to be properly biased. The original value of these resistors is 22K. They are located on the end of the PCB which is away from the power tubes, and away from the bias pots. A good starting value for the new resistors is 82K (1/4 w 5% is fine). The final values in the Prototype amp were 68K and 82K. The different values result mainly from the poor tolerance of the bias pots. 
9) Replace the two 12BH7 driver tubes with 12AT7s. 
10) With the output tubes out of the amp, adjust the bias pots for maximum bias (greatest negative voltage) at pin 5 of the 6550s. 
11) Install a set of tubes (preferably an old set of ‘pulls”) and power up the amp. (It will be necessary to jumper around the power-supply connectors to turn the amp on.) Monitor the bias test points, and verify that the correct bias voltage at the test point can be achieved—it should fall near center rotation of the bias pot. If the test point reads too high, increase the value of R21 or R22 as appropriate, to bring the bias within range. If it reads too low, reduce the value of R21 or R22. 
12) Now it’s time to see if the amp still works. Connect a suitable test load to the amplifier, and apply and input signal, while monitoring the output on a scope. Adjust the symmetry (balance) control for symmetrical clipping, and verify that the amplifier will output near full power into load. If it produces a proper output waveform at better than 200 watts chances are you made no mistakes. 
13) Remove the test power tubes, set the bias back to maximum bias, and replace the output tubes with the new set. (In an amplifier with this many output tubes, it is very important that the tubes used be matched.) 
14) With a load connected, and no input, power up the amp and adjust the bias to produce 0.70V at test points. 
15) Apply signal, and adjust the symmetry control for symmetrical clipping. 
16) Put the amp back together—it’s done! 

MODS FOR FENDER 

POST-TWEED AMPS NOISE REDUCTION 
Courtesy of Ken Fischer, Trainwreck Circuits 
On the post-Tweed vintage Fender amps that use 1/2W preamp resistors: 
if the amp makes crackling, popping, or hissing noises, remove the first- stage preamp tube(s). If the noise stops, try a fresh GROOVE TUBE replacement (two tubes in a two-channel amp). If the noise returns, it is not a case of defective preamp tubes. Instead, change all of the 100KΩ preamp resistors and the chances are 95% that the noises will go away. This is a very common problem with Fender amps. 

FENDER PRE-AMP MOD FOR WARMER CLEANER SOUND

The preamp section of many Fender amps uses a 250pF disc cap, a 0.047 and a 0.1 ceramic cap. Try replacing the 250pF disc cap with a silver mica cap of the same value and changing the 0.047 and the 0.1 with 0.02 or 0.022 Polypropylene caps. This will improve the warmth and dynamic response of most Fenders; however, don’t throw away the old parts in case you prefer the original tone to this mod. After all, it’s still just a matter of taste.

FENDER AMP CONVERSION TO EL34 
Courtesy of Ken Fischer, Trainwreck Circuits 
Any Fender amp that uses 6L6 power tubes can be converted to use Groove Tubes EL34 tubes for an improvement in both the clean and distorted sound. While the useful life of the EL34 is somewhat shorter than the stock 6L6, the improvement in tone may be well worth spending a little extra for this conversion. After all, beauty is in the ear of the beholder. 
STEP 1: Between pins 4 and 6 on each output socket is a 470Ω resistor. Replace this with a 1KΩ 5W resistor. 
STEP 2: Between pins 1 and 5 on each outputs tube socket is a 1.5KΩ resistor. Disconnect it from pin 1 and solder it so that one end remains on pin 5, and the other end stands straight up. Connect the wires that ran to pin 1 to the ends of the 1.5KΩ resistors that are standing free. 
STEP 3: Connect pin 1 to pin 8 with a solid wire. 
STEP 4: Increase the value of the resistor in series with the bias diode to reduce to bias voltage to obtain proper bias. This will vary from amp to amp and, of course, on the tube grading number. 
NOTE: If you wish to use 6L6 tubes after this mod, simply adjust the bias supply.

MODS FOR MARSHALLS 

100W TO 50W 
Many players who have 100W Marshalls are playing in clubs that are smaller and won’t allow for high volume guitar levels, levels that make Marshalls sing better. One easy solution is to remove two of the power tubes and thereby reduce the power by about half. This is a quick and easy method BUT you must follow two important rules for this to be a SAFE mode to run your amp in. 
RULE ONE: Your 100W Marshall has four power tubes that are split into two halves in a circuit design called Class A/B or often called a push/pull circuit. Simply stated, the left half pushed the top side of the sine wave (the note) and the right half pulls the bottom side of the sine wave. You may pull out two tubes from your output stage BUT you must take only one from each half, one from the two left tubes and one from the two right tubes. I usually just take out the OUTSIDE TWO and leave the INSIDE TWO. Remember if two of your Groove Tubes quartets are powering the amp and the other two are on the shelf, you’re wearing them out at different rates - so alternate them occasionally so that their life expectancy stays about the same. The performance factor that Groove Tubes are measured for will stay very closely matched regardless of the hours on the tubes, since the audio distortion factors we measure are by-products of the internal alignment of the tubes’ components and not simply the power available from each tube. 
RULE TWO: Your output tubes have impedance just as your speakers do. When you set the speaker impedance on the back of your Marshall, you’re actually setting the interfacing impedance between your output tubes and your speaker. If you remove two tubes from your output stage, you have changed the impedance of the output stage. A stock 100W Marshall with two cabs should have the impedance selector set at 8Ω with all four power tubes installed. If you remove two tubes, change the impedance to half of this, or 4Ω. If you are running only one cab at 16Ω, change the selector to 8Ω. In other words, you need to lower by half the impedance at the selector. This will then produce the proper impedance between the tubes and your speakers. 
Marshalls have almost always used the EL34 type power tube in their 50 and 100W amps. However, the amps they exported to the U.S.A. from the mid ’70s until mid 1986 have been sold with the U.S.A.-made 6550 power tube. Although Jim Marshall and his company preferred the sound and response of the EL34, the U.S. distributor chose the 6550 for its increased reliability and lifespan. Jim Marshall has recently changed distribution and with that change has standardized the whole line to the EL34 world-wide. There still are plenty of the 6550 amps out there and guys are still wondering why their amps sound so much different from the “old Marshalls”. Well, those old Marshalls had EL34s in them which sound completely different (See GROOVE TUBE Catalog re: EL34, 6550, 6CA7.
We offer the following two modifications to convert your 6550 Marshall into an EL34 Marshall with a smoother, warmer distortion. We also offer a mod to convert U.K. EL34 Marshall into a 6550 model popular with some heavy metal players who like it real loud and crunchy. 

MARSHALL W/6550 to MARSHALL W/EL34 
To modify a U.S.A. Marshall (6550s) to the EL34 tube type, the bias needs to be decreased by about 10V. This may be accomplished in two ways. 
The first way follows the Marshall factory schematic and is the way it is done on amps made in the factory for the two different markets, 6550 output tubes for the U.S.A. and Japan, and EL34s in Europe and the rest of the world. 
The first method replaces three resistors in 50W models, and four in the 100W amp. Notice the two schematics of the 50 and 100W amps, the resistors that set the range of the bias pot are two 220Ks and one 56K for the European amp while they are changed to two 150K and a 47K for the U.S.A. amps. There is also a change on the 100-watter from a 27K to a 15K near the 1N4007 diode.
To convert your U.S.A. Marshall to use EL34 tubes, start by locating these resistors in the bias circuit that set the voltage range of the bias pot, and change them to their alternate values noted on the schematic. The resistors are located toward the right end of the PCB, when the amp is out of the wood, upside down, and the controls are toward you. Three are located directly above the bias pot; the other is near the rectifier diodes which are at the right. When the modification is complete, the bias reading at pin 5 should vary with the bias pot between -36V and -45V for the 100W Marshall and show a range between -34V and -40V for the 50W model. It goes without saying that the proper point of bias would still need to be adjusted with an actual set of EL34s in the amp. This should be done using a signal generator and a scope, adjusting the proper bias by observing the cross-over distortion in the sine wave at the most over-biased point and rotating the bias pot the other direction until the sine wave just straightens out. If you do not have the luxury of a scope and a signal generator we would also recommend setting the bias with a Bias Probe available in Hunt, Dabney and Associates. This device monitors the total current flowing through the tube while a manual provides listings of most amps and the proper flow that would be measured in a correctly-biased amplifier. 
The second mod for using EL34 tubes in an amp made for 6550s is a simpler and faster method we’ve used here at Groove Tubes and this may be easier for you. 
With the amp out of its cabinet, upside down, with the controls facing you, locate the 47K resistor which is directly above and in line with the bias pot. Solder another 47K resistor in parallel with this. With the bias pot set to “max” and the output tubes out of the amp, check to see that at least -38V is present on the grid of the socket (pin 5). If so, install the tubes and bias the amp. If there is more than -38V, that’s okay - but much less may result in not being able to bias the amp properly. The value of the added resistor may be adjusted to set that voltage, with a lower value lowering the available bias.
Another important item to change when changing 6550s to EL34s or vice- versa is the feedback wire that connects to the speaker impedance selector from the output transformer. It is usually the purple wire and should be connected to the 4Ω leg of the switch if you are using 6550s and the 8Ω leg if using EL34s.

MARSHALL W/EL34 to MARSHALL W/6550 
To modify a European Marshall for 6550s, the bias needs to be increased by about 10V. There are two acceptable ways to accomplish this. 
The first is the “official Marshall’ method. 
The second is our own method, which is faster and easier. This may be done by locating the resistors in the bias circuit that set the voltage range, and changing them to their alternate values, which are screened on the P.C. boards under the parts. The two resistors in question are located toward the right end of the P.C. board, when the amp is open, upside-down, and the controls are toward you. One is located directly above the bias pot; the other is near the rectifier diodes which are at the right. Follow the enclosed schematic to confirm the correct values for either a 50W or the 100W Marshall. When correctly modified, the bias pot will now supply a range somewhere between -44V and -55V for the 100W Marshall and a range between -38V and -48V for the 50W model. Naturally, the bias must be set for the specific set of 6550s to be used, preferably with a scope and signal generator to set the exact amount of bias. Another important item to change when changing 6550s to EL34s or vice-versa is the feedback wire that connects to the speaker impedance selector from the output transformer. It is usually the purple wire and should be connected to the 4Ω leg of the switch if you are using 6550s and the 8Ω leg is using EL34s. 
MARSHALL MASTER VOLUME 
Courtesy of Ken Fischer, Trainwreck Circuits 
This modification is to the phase inverter section of your Marshall. Locate the two 220K resistors that split apart at the bias feed on the circuit board. One of these is the positive while the other is the negative feed to the output tubes’ grids. They are tied together at one end and split to form “V” on the circuit board. Follow the diagram and remove these resistors, replacing them with a dual pot. The value of this dual pot should be between 100K and 250K. 
This master volume modification will return the amp to normal “pre-mod” performance specs when the dual pot is turned all the way up and still produces a good master volume. The actual gain will remain unchanged, however, and the distortion level from a Marshall preamp into the master section will vary with the vintage of the amp (later ones have more gain than the very early ones). The amount of distortion produced by the master mod can be increased by increasing the gain from the preamp through additional modification - however, this type of mod will change the tone of your amp, possibly decrease the tube life, and increase the noise level of your amp. Therefore, try the dual pot first and see if that’s enough before radically changing your Marshall. 

TRANSIENT SUPPRESSION MOD (TUBE SAVER MOD) 
There are two minor modifications for Marshalls and most other amps that will greatly increase reliability. They both reduce the transient spikes that eat up power tubes, usually present when the amp is really cranked way up. These spikes don’t do much to improve your sound and they make the amp unstable while damaging the power tubes. 
MOD 1 - Find a metal oxide varistor with a rating of 250V. You can also use two 130-volt varistors wired in series. These 130-volt varistors can be found at Radio Shack if you’re not near a professional electronics store. Place the varistor between the primary leads of the power transformer. 
MOD 2 - Find 6 1N4007 diodes. Install three on each side of the power output tubes that have the plate winding attached to them. Three go to side A, the other three go to side B. The plate winding will be attached to pin 3 on all Marshall as well as most other amps. Attach the three diodes in series from pin 3 to ground, making sure they are in the right polarity. The right polarity for the 1N4007 diodes is the band pointing toward the plate of the tube or pin 3. 

Trainwreck amps and Mesa/Boogie amps are the only amps we know of that come standard with both of these circuits. 

POWER TRANSFORMER EARLY 50WATT BIAS/STANDBY MOD 
Courtesy of Ken Fischer, Trainwreck Circuits 
On early Marshall 50W amps, the bias supply is connected to the cold side of the standby switch. When the amp is switched to play, the output tubes run full plate voltage with no bias for the few seconds it takes for the bias voltage to build. This can result in blown HT fuses and shortened tube life. The solution is to move the bias feed to the hot side of the standby switch. Please refer to the diagram. 

HUM REDUCTION TIP 
The physical location of the wires running through your amp chassis can increase or decrease the amount of hum you hear. This little tip will make a big improvement in lowering the hum in all Marshalls. Open the amp up and, looking at the circuit board, find the first two preamp tubes farthest away from the power tubes. Notice the GREEN wires that come from pins 2 and 5 on the first tube and from pin 2 on the second tube. These wires carry the low level signal through the first gain and tone stage and are therefore sensitive to picking up hum. Simply pull these wires up and away from the chassis and the other wires feeding the socket (these carry high voltages). This will greatly reduce the hum picked up on these wires. Leave the other wires flat against the chassis. 

HIWATT BIAS DOUBLING CIRCUIT 
Hiwatt, Orange and Sound City amps often do not have enough bias supply to run reliably. Red Rhodes has a simple solution as shown below. Each side of the sine wave is rectified by a single 1N4007 diode and used to charge the two caps (100uF/100VDC) which are connected in series. The overall negative bias voltage is thereby doubled. 
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