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NOTICE TO READERS: A BRIEF WORD ON SAFETY



This book is intended to provide you with ideas and general techniques for projects to repurpose electronic equipment which might otherwise be discarded. While following along with these projects should be a rewarding and productive experience, you should always take care to use caution and sound judgment. If you are uncertain about your ability to safely perform any of the techniques described in this book, you should seek professional assistance.


Make sure to read the section on general safety (starting on page 40) before proceeding with any of the projects described in this book. Don’t forget to read all of the “Safety First” textboxes you come across while reading this book. You also should familiarize yourself with the safety warnings and instructions for any tools, equipment, and other materials you may use in any of your projects. Finally, we recommend that you check with your local building and zoning authorities for any necessary building permits, regulations, codes, or other laws pertaining to your projects.


The publisher and the author of this book do not and cannot assume any responsibility for property damage or bodily injury caused to you or others as a result of any misinterpretation or misapplication of the information and instructions provided in this book, which are not meant to serve as formal interpretations of the National Electric Code®.
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Mr. Resistor Man


[image: image]


PDA Doodler; 8-Bit Belt Buckle; Hearmuffs


For a large part of human history, a direct correspondence existed between the person who made a tool and the person who used that tool. This theoretical person understood not only all of the uses for this tool but also all aspects of the raw materials used to create it. He invested time and energy into this tool to aide himself in survival, and did the best he could to let as little resources be wasted.


For instance, if an early human was to expend the energy to chop down a tree, he might then use the bark to weave rope and the trunk to make a canoe. The branches may have been used for firewood, ax handles, or possibly spears. With the spears, he could then hunt animals, which in turn may have provided him with meat for food, oil for cooking, a pelt for clothing, and bones out of which more tools could be made.


There is a point to this. I promise.


When, as a modern human, we kill a computer, we simply discard it, leaving it to rot in spite of the fact that the components inside can still be used for countless other applications. Not having made these tools on which we are reliant, we don’t really understand where they have come from or how they actually function.


We don’t know capacitors, for instance, are largely made up of coltan (otherwise known as colombo-tantalite), a metallic ore most abundantly found deep within the Congo. Nor do we really know how the coltan is then assembled into a capacitor. And, for that matter, most of us don’t even know what a capacitor is, even though there is most likely one inside every electronic device we own.


Without fully understanding these complex beings that have been created to exist among us, of course we are hesitant to “hack open” our dead computer and use its “guts” to make new and better tools. To be truthful, if given a handful of electronic components, most modern humans wouldn’t have the foggiest idea what to do with them. So, not seeing any potential further value to its parts, when something breaks, we throw it away, ending its life cycle.


Unfortunately, very few objects have the luxury of leaving Earth’s atmosphere. When we throw away a dead computer, we are not sending it off to some other planet, but rather we are sending it to some large hole in the ground a couple of miles away where it can stagnate in an environmentally unfriendly manner. Unlike poor Fluffy (R.I.P.), who is buried in a small hole in the backyard, your dead computer won’t biodegrade anytime soon.
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The author at work: Turning Tech Trash into Tech Treasure!


So if left with the choice of a) having a big toxic hole in the ground of every city on the planet filled with computers or b) converting these computers into clothing, furniture, planters, pet beds, or even just toys, I think the decision is quite simple. Our collective future is dependent upon repurposing old computers (and other “dead” technologies) to extend their life cycle and make the old new again. It is up to us to be good shepherds of the Earth through creative reuse.


Perhaps, what I mean can be best illustrated with this simple story. As a child, one of my fondest memories was discovering my parents’ old record collection and learning how to listen to these strange ancient discs. From this collection of old recordings I was able to deduce that, in a distant time and space, my parents were once human. This enabled me to better understand who my parents were as people and also learn a little about myself and where I came from. Fortunately, this particular technology continued to work long enough to be able to be passed on.


With the lifespan of current audio technology being around 4 to 5 years, it makes me wonder what my children will have the chance to discover about me? Where will they discover my “record collection”? Perhaps they’ll find some MP3 playlists or photos backed up on an old hard drive, but even that looks unlikely at the rate at which digital storage technology advances. If my future children learn something about me as a person and my past life, it won’t be through the collection of playlists stored on an MP3 player, but what I do with the device itself after its life runs out. By repurposing it to make it uniquely my own, not only am I doing the Earth a favor, but I am reclaiming that dead MP3 player and imbuing it with a new meaning. It is no longer a poorly built consumer electronic device at the end of its brief life, but a unique and special handmade object that can be used and cherished for many years to come.


Are you now psyched to get going ripping apart old computers but still mildly intimidated and unsure where to begin? Don’t worry. Start with Chapter 1, a massive crash course on the computer and electronics basics. Then dive headlong into the tools, techniques, and safety considerations you need to have and understand in order to make the various projects. From there, dig in. It’s project time.


To help determine which project is right for you, each project starts with a listing of the main ingredient (“Tech Trash”), a list of supplies and an overall level of difficulty rating. This rating combines a measure of skill level, the time you need to complete the project (more involved projects get a higher rating), and safety considerations. For instance, a project rated 1 is quick, easy, and fun for any beginner, whereas a project rated 5 is an expert project which will require lots of time, skill, and a higher level of safety precautions.


To guide you along the way, Mr. Resistor Man offers up fun and useful facts relating to the project you are working on. You should also pay close attention to the “Safety First” boxes which provide important safety considerations relating to the project at hand.
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Mr. Resistor Man Says:
If you like the look of me—what’s not to like?—you can make your very own Mr. Resistor Man pocket pal on page 129.








CHAPTER 1
Tools, Techniques, and Safety


> Find out what lurks in the depths of your computer, learn how to get at it, and how to dig in safely.


Let’s get started. First, look to the right, and start by familiarizing yourself with the anatomy of a dead computer. It’s like you’re in medical school, studying a cadaver. You should get to know the parts, how they’re connected, and how you can safely detach certain “ligaments” and other key components. But in order to really be a good study, it’ll help to have an actual dead computer to poke around in.



“SHOPPING” FOR A DEAD COMPUTER


Sometimes the farthest you have to go to find dead electronics is your own garage, attic, or storage closet. But if you find a project in the following pages for which you are lacking key parts, don’t worry. Just pick up the phone, call everyone you know and start asking if they have what you are looking for—and you might explain why you want it, too. You’ll be surprised and amazed at what people are hoarding in their houses and even more surprised and amazed at how eager people will be to unload their broken electronics on you if they think you’ll be putting it to good use. I’ve gotten a lot of wonderful junk through this method.


If it turns out that asking friends and family for their e-waste is a fruitless endeavor, look online (yes, consult your live electronics to locate the dead ones). One great website to check out is Freecycle.org whose mission it is to regionally connect people who want free stuff with people who want to give away stuff (a win-win situation). Simply post a message to your local Freecycle list saying that you are looking for broken computers (or NES systems, or . . .), go for a long walk, and return to be inundated by messages from people who are ecstatic to unload their junk on you. The “free” section on Craigslist.org is another great resource to explore, too. Check back from time to time to see who’s moving and what they’re getting rid of along the way.



THE ANATOMY OF A COMPUTER


A computer is any device that computes. In the case of this book, it is an electronic device that is programmable and can store and process information (in plain English, it’s anything that you can check e-mail and play video games on). Here’s a cross-section so you can see what’s what.


The print edition of this book includes a diagram called The Anatomy of a Computer.
Please download a PDF of this diagram here: workman.com/ebookdownloads
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Another option, for the more adventurous: walk or bicycle around your neighborhood on garbage day and see what people dump out on the curb (especially on big item collection day). You will be amazed at the amount of electronics that get dumped next to the trash bins once you start paying attention. Also keep an eye out for garage and estate sales. While buying things at these events may cost you a few dollars, it is still a cheap and reliable treasure trove of obsolete electronics.


Ultimately, if you are dead set on getting your broken electronics for free, the last thing you can try is asking for handouts at your local recycling center. Some of these centers are more open to give people broken electronics than others, but I have had luck when I tell them that I am an artist and it was imperative that I get broken electronics in order to make my art. Everyone loves supporting the arts!


However they turn up, once you get the broken electronic item of your dreams, start to get to know it. Respect its power (even in its deadness) and know your way around its circuitry.



The Basics


There is no way that I can teach you all, or even a fraction, of the electronics necessary to fully understand how a circuit functions. However, I can give you a crash course to help you start to formulate an idea of what is inside those dead computers of yours—and how you can use this new-found knowledge for good.


CIRCUITS AND CURRENT


A circuit is a complete path formed by various conductors and components through which electricity can pass.


To better grasp what this means, we need to understand the two types of electric current that we will encounter: AC (alternating current) and DC (direct current). The difference between the two is that with DC power the electrons always flow in a constant direction from the source of power to ground. However, with AC power, the electrons are constantly and rapidly alternating direction through the circuit and at any given time can be traveling either way through the circuit.
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AC Power


Current that comes out of a wall is AC power (as AC is better suited for traveling long distances through a wire) and current that comes out of a battery is DC. Throughout the course of this book we will be dealing primarily with DC power, as most electronics mainly use this type of power.


DC Power


There are a few basic things we need to understand about DC electricity before we can start controlling its flow with various electronic components. The first rule we need to keep in mind is that electricity always follows the path of least resistance to ground. What this means is that a source of electricity is “looking” for the easiest way to discharge all of its power. For instance, if a source of electricity has the choice of flowing through a motor or a bare wire to get to ground, it will flow through the wire because that provides the least resistance. At first glance, this may seem perfectly reasonable, because we are helping the current get to ground faster, but this is bad. Not only will the motor not spin because electricity is not passing through it, but we have just connected power directly to ground and shorted the circuit! Go get your fire extinguisher!
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The circuit shorted because all of the energy reached ground without being used. This brings me to the next point that cannot be stressed enough: In a circuit, all electrical energy must be used!
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If electricity passes through the circuit without being used by anything, a much larger than expected current reaches ground, and this may result in fires, explosions, and broken electronics. In a more practical sense, there must be something in the circuit to use up all the energy you put into it. You cannot connect the positive terminal of a battery to the negative terminal. The electricity must pass through components and be used.


The components in your circuit will try their best to convert any extra energy to heat. However, if you put far more energy into your circuit than your components can ever use, they will have to work so hard in converting this energy to heat that they will burn out and stop working. If this happens, you should congratulate yourself for having “fried” your electronics. Fried electronic components are often the cause when computers stop working.


To keep your components from getting fried, it’s important to add other components to your circuit that add resistance and are properly rated for the amount of electricity you are putting in. That means that both the voltage and current rating on the component you are using need to be rated within range of the amount of electricity you are providing. Usually, providing enough resistance is not a problem when working with the low voltages and currents that we will typically be using.
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>> Don’t play with fire: While getting started with electronics, it is important to be very careful with your wiring, because if electricity can find a direct path from positive to ground, it will, and you will find yourself a budding firefighter as opposed to a master tinkerer.





TINY COMPUTER PARTS


It would be irresponsible of me to continue talking about electronic components if you haven’t even met them yet. So, without further ado, let me formally introduce you to the little parts that help control the flow of electricity through a circuit.
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>> Fried green components: You can usually tell your components are fried when they let off a small cloud of smoke or the circuit suddenly and completely stops working. It is important to unplug the power from your circuit if you experience sudden failure or start to see or smell smoke. Be careful not to touch any components or batteries—there is a high likelihood they are very hot and could burn you.





Wire


Wires are the metal threads upon which electricity flows. The wire you will using in this book when working with electronics is insulated, which means that it has a plastic jacketing over its metal conductive core. This allows many wires to get close and personal with one another without crossing and causing a short circuit.
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You will typically work with two colors of wire, red and black. Red is traditionally used to represent positive and black is used to represent ground in the circuit. Though there is little real difference between the red and black wires structurally, it is good form to stick with red as positive and black as ground or “negative.” This will help in troubleshooting (and allow other people to easily lend you a hand).


Aside from color, the other important thing to keep in mind when selecting wire is the type of wire it is. The two most common types are solid and stranded wire. The difference between the two is that solid wire has a single solid core of metal inside of the jacketing and stranded is made up of lots of little metal fibers woven together.
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You will mainly use solid wire when building circuits because it is easier to solder—it doesn’t fray at the ends and can be bent into a fixed shape. This makes it ideal for circuit building, hacking, and a number of craft applications. The downside of this type of wire is that it can get brittle and will snap if it is bent too much.


The benefit of stranded wire is that it is flexible and can be bent around without getting brittle and snapping. It is for that reason that power plugs, computer cables, and headphones (where wires are constantly being bent around) use stranded wire. In this book you will use stranded wire when making things that are going to be bent around or squished.


Switches


A switch is a mechanically controllable break in a circuit. Think of it this way: When you flip a switch in one direction, there is a break in the wire preventing electrons from flowing through the circuit and when you flip the switch back in the other direction, you reconnect the wire and allow electricity to flow again. A switch, therefore, is simply a mechanical device that opens (cuts) or closes (mends) a circuit connection.




SWITCHED ON, BABY


Switches typically add little or no resistance to a circuit and should not be used to connect the positive and negative terminals of a battery directly together.





There are a few types of switches you may encounter while working with broken electronics. One of the most basic is the slide switch. We have all seen these switches before. These generally have a little plastic box that you can slide across a track to turn something on or off. These are commonly used as power switches.


We also commonly encounter push-button switches. These types of switches are triggered by pressing in a button. There are two common types of push-button switches: momentary and toggle. Momentary only works so long as you are pressing down the button, and the moment you stop pressing down, the momentary switch stops working. A toggle switch, on the other hand, switches between on and off with every button press. Once you press the button (like your TV power switch), it will remain on until you press again to turn it off (and vice versa).
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Push buttons aren’t the only type of switch that can be toggled on and off. As the name would strongly imply, the toggle switch can be, too. The most common toggle switch is the ubiquitous wall-mounted light switch. Quite simply, if you “flick” or toggle the switch up, power is connected and the lights turn on and if you flick it down, the lights go off (this may be opposite in your household).
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Now that we know how to turn the circuit on and off, it’s time to learn what components make up the circuit.


Resistors


One of the most common components found on a circuit board is a resistor. Resistors are small pill-shaped tubes with four colored bands wrapped around their casing. They are responsible for “resisting” or restricting the flow of electrical current within a circuit by converting electrical energy to heat. Resistors have different values that can be deciphered based on the pattern of color bands wrapped around it (see chart). As the resistance value goes higher, the current in the circuit decreases.


Resistors are nonpolarized, which means that in a DC circuit (in which electricity is only flowing in one direction), the resistor can be placed in the circuit forward or backward and allow electricity to pass through in the right direction.


The print edition of this book includes a chart called Resistor Value Chart.
Please download a PDF of this chart here: workman.com/ebookdownloads
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A special type of resistor is a variable resistor, which, as its name suggests, has resistance that can vary. A common type of variable resistor is called the potentiometer (or “pot”), which looks like a round disc with a twisty knob coming out the center. These are used in electronics as stereo volume knobs and just about any other “twisty knob” you may encounter. By turning it you are changing the resistance in the potentiometer from 0 ohms resistance to the maximum value written on the casing. So, for instance, if it has 10K printed on the back, by turning the dial you would be able to change the resistance from 0 ohms all the way up to 10K ohms (10 kilo ohms or 10,000 ohms).
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Aside from potentiometers, a number of other components, especially certain sensors, change the resistance in a circuit. One ubiquitous example of a sensor that changes resistance is a photocell (or “LSR,” which stands for light-sensitive resistor). The amount of light that shines on the surface of the photocell affects how much resistance it has in the circuit. In fact, the more light that shines on it, the lower the resistance is.


Capacitors


Another commonly found component is a capacitor. There are a number of different types of capacitors, but they all basically function the same. A capacitor stores a set amount of charge until it is completely full, and when the current in the circuit drops, the capacitor releases (discharges) the stored charge back into the circuit. Imagine a water storage tank that fills up when there is excess water available; when there is a shortage, it then dumps out (discharges) all of its excess reserves back into the water system. This is how a capacitor operates.


[image: image]


The two types of capacitors you may encounter are polarized and nonpolarized. A polarized capacitor will only let electricity flow through in one direction and can only be put into the circuit a certain way (one pin going to ground and one to the positive source). A nonpolarized capacitor can go into the circuit either way.


Nonpolarized capacitors are typically ceramic disc capacitors and look like small, round clay discs with two wires coming out. This type of capacitor is normally measured in µF (microfarads) or sometimes the even smaller pF (picofarads). The value of a nonpolarized capacitor is written on it in a number code and typically needs to be deciphered using a conversion chart. For instance, a 0.1µF capacitor will have 104 printed on it, which means you should multiply 0.00001 by 10,000. For most novices, it’s easier to look up the number correlation than do the math.


Polarized capacitors (typically electrolytic capacitors) look like large tubes with two wires coming out. They often have a stripe with a minus sign printed on one side to indicate which wire connects to ground, and show their voltage and capacitance rating. The capacitance rating is almost always in µF.
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>> It’s Electrolytic! Some electrolytic capacitors can store a very large, painful, and potentially dangerous amount of electricity. You should never handle these capacitors without discharging them. Fortunately, the voltage rating is printed on all electrolytic capacitors to help you determine whether or not you need to discharge it.


Sometimes a capacitor will have an “F” rating printed upon it (as opposed to µF). This stands for farad. A farad is a very large electrical charge. In fact, a farad (F) is one million times greater than a microfarad (µF). Capacitors measured in farads are often called “super caps” because of the amount of charge they store. Super caps are not encountered very often (I once found one in a particular model of PalmPilot), but if you come across one, treat it as though it were a high-voltage capacitor and discharge it before handling.


For more information on discharging a capacitor, refer to the Safety section, page 40.






DISCHARGING A CAPACITOR


Circuit boards can be dangerous, the primary reason being that they house very powerful capacitors. Here is an easy, though non-standard, way of discharging a capacitor. Note: Do not use this method when disassembling a CRT monitor.


1. CUT AND STRIP


Take a strand of Christmas lights and cut away one bulb so there are two 5" insulated wires running away from the light. Use wire strippers to strip the insulation away ½" from the end of each wire.
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2. PROTECT YOURSELF


Put on rubber dish gloves for added protection.


3. LOCATE THE TERMINALS


Being careful not to touch any exposed metal on the underside of the circuit board, locate the terminals on the underside of the circuit board to which the large capacitor is soldered. You can generally tell which ones these are because they will appear to be directly below the capacitor and there won’t be any other solder points relatively nearby.
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4. DISCHARGE


Hold the Christmas light wires between your gloved fingers on the insulated parts (do not touch the exposed wire) and place an end of the exposed wire on each of the capacitor terminals. If the capacitor is full, the light will quickly flash on and off, indicating that it is now mostly drained.
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Note: If the light does not turn on when you touch the wires to the terminals, touch the exposed wire to a few different nearby solder terminals for safety’s sake to make certain you are discharging the right connections. If after a dozen or so different attempts, the capacitor appears not to be charged, it is always good measure to “discharge” it anyway by bridging the terminals with a long screwdriver.


5. DRAIN


Just because the light went off does not mean that the capacitor is completely discharged. Drain the small amount of charge that is left by bridging the capacitor terminals with the tip of a long screwdriver. Do not touch the metal part of the screwdriver.
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6. WAIT, REPEAT


Sometimes the capacitor can refill with small amounts of electricity hidden in other parts of the circuit. Wait three minutes and repeat Steps 4 and 5.



Diodes


Aside from the electrolytic capacitor, if we had to choose one quintessential polarized component, it would be the diode. A diode is a small, thin cylinder with two metal leads sticking out of each end and a band around one end to indicate the negative lead (the cathode). Electricity can flow in only one direction through the diode, from the positive end (the anode) to the negative (the cathode). In other words, if you were to insert a diode backward into a circuit, no electricity would pass through the diode, and the circuit would stop working properly. If you were then to correct this and flip it the other way, the electricity would flow freely through it from positive to ground. Allowing electrons to pass through in one direction and not back in the other makes diodes ideal for a number of applications, such as protecting circuits from harmful voltage spikes.
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People often think of LEDs as tiny lightbulbs, but they are actually a special form of diode that emits light (photons). Hence, it is not surprising that LED stands for “light emitting diode.” Because LEDs are diodes, they are polarized and electricity can only flow through in one direction. Typically the longer leg connects to the positive supply and the shorter to ground.


Transistors


The invention of the transistor in 1947 sparked the dawn of the computer age. A single transistor could do the amount of computing that it used to take an array of more than 40 air-cooled vacuum tubes to do. In other words, transistors made digital logic cheap, easy, and compact. Transistors are little devices that generally look like half cylinders with three legs poking out the bottom.
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The easiest way to think of a transistor is to envision it as a water valve controlling a garden hose. When you apply a positive voltage to the base pin, it is as though the valve is turned all the way on and water can flow freely through the hose, just as electricity is allowed to flow through the collector and emitter pins. When voltage is removed, the valve is shut and the water stops, or, in actuality, the flow of electricity is cut off. If only half the electricity is supplied (say, 2.5V from a 5V power source), the valve only allows half the amount of water to flow, and it would follow that only half the electricity available will be allowed to pass through the transistor.




Packaging Is Everything


It is important to keep the packaging your transistor comes in so that you know how to properly hook it up. If you accidentally tossed it already, look up data sheets online, because the pins for the base, emitter, and collector differ from transistor to transistor.
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Mr. Resistor Man Says:
By combining a photocell (the light-sensitive variable resistor mentioned earlier) and a transistor, we will be able to make a switch that turns on LEDs based on how dark it is in the room. This circuit is later used in the Postindustrial Night-Light, page 228.





Integrated Circuits


If we say that the transistors triggered the computer age, then it would not be a stretch to say that the integrated circuit made the personal computing revolution possible. You may have heard of integrated circuits referred to as semiconductor chips, ICs, or just “chips” for short.
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An integrated circuit is essentially an enormous number of minuscule transistor circuits arranged onto a small wafer of silicon. The beauty of this is that transistors can be arranged in such a vast combination of logic circuits that their possibilities are only limited by the number of transistors you can fit inside a chip. This abundance of possibility has resulted in a multitude of chips all suited to an array of different tasks. For instance, one chip might have an MP3 decoder built inside, whereas an identical-looking chip might actually be the driver for a digital alarm clock.


There are two common types of integrated circuits that you may encounter. The first is a DIP-chip, which is a long box with two rows of metal pins that stick down. These are often pressed into sockets (that they can be easily removed from) or soldered to the underside of the circuit board. This type of connection is called through-hole mounting because the chip passes through the board and is mounted on the other side.
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