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A FEW WORDS BEFORE YOU BEGIN

This booklet gives you instructions on how to build a real Crystal Radio that works well.  When you have finished, you may take your creation home to enjoy, and maybe even brag a little.  You can explain to your friends and relatives how you were able to make a radio that not only works well, but also plays for free.  You can also tell them what you learned about radio.  You can tell them what you learned about how it was invented, and how it works.  

· These instructions take you through the construction process.  Each task is described, then supported with "How to do it" instructions.  After each task  is completed, you should show it to one of the instructors for inspection and check off before starting the next step.  

Take this booklet home and study it.  You can read ahead to see what you are going to do the next time, and think about how you will do it.  This will make building your radio, and learning how it works easier, and more fun.

· MAJOR TASKS TO BUILD YOUR RADIO

· Here are the tasks you will have to complete to make your radio.  You should refer to the detailed instructions for how to perform each task.

· Become familiar with the parts and components.

· Drill the mounting holes in the breadboard.

· Drill the holes that mount the PVC plastic coil form to the breadboard.

· Drill the holes in the PVC plastic coil form that are used to mount the clips and hold the wire.

· Mount the hardware parts (Not the coil form or tuning capacitors) to the breadboard.

· Wind the Antenna coil on the PVC plastic coil form.

· Wind the Detector coil on the PVC plastic coil form.

· Sand the coil windings.

· Hook up the wires and parts on the breadboard.

· Mount the Coil form and hook up its wires.

· Mount the Crystal and Cats Whisker assembly.

· Put the dials on the tuning capacitors, then the knobs.

· Sign the "Built by" tag, and attach to radio.

· Try out your radio.

You do not have to perform the tasks in the order given here.  You may do any of the first 10 tasks in any order, as tools, equipment, and help, become available.  Your instructors will tell you which tasks to do each session.

Radio Components:

The following is a list of the components that are used to build your radio.

Refer to this list and the picture to help you identify a component when it is called for.  These components are located in the plastic drawers.  The drawers are labeled to help you find the parts.

· 1 wooden breadboard with attached overlay pattern

· 1 plastic tube coil form.

· 1 pack of six strips of double sided masking tape (optional)

· 2 rubber bands

· 12 Fahnestock clips

· 3 sliding brass balls, 3/8" in diameter with a hole through

· 3   4" brass rods

· 12 #6-32 x 1/2" self tapping Phillips pan head wood screws

· 9   #6-32 x 3/8" Phillips pan head machine screws

· 3   #6-32 x 3/4" Phillips flat head screws

· 3   #6 Flat Washers

· 6   #6  nuts

· 3   #6  3/4" long hex standoffs

· 13 #6 Locking solder lugs

· 2 Poly type variable capacitors

· 2 wooden knobs with screw 

· 2 tuning dial templates (must be cut apart) 

· 1 Germanium Crystal Diode  

· 1 Crystal holder clip 

· 2 Brass strips 

· 1 "U" bracket holder, and ball-rod assembly 


· 1 mounted Galena crystal 

· 1 Cats Whisker 
· 1 set of headphones

Drilling the Breadboard:
CAUTION:

You must have your safety glasses on when using power tools.  Even though the chance of an accident is small, the consequences of losing your sight is BIG.  Don't take a chance.
Hole Location:

The cover on the breadboard shows the locations for all the holes.  Use the center punch and hammer to put a small mark at each place that is marked.  There are 15 places.

NOTE

Set the breadboard on a piece of scrap board so that when you drill through, you will not drill into the tabletop.

Use the Drilling Template as a guide, and drill the hole sizes as shown.  Drill all the holes all the way through the board.  Drill straight down (perpendicular) through the board.  Do not drill crooked, or at an angle.  This is important! Hold the drill straight, and try not to break the drill bit. There are 3 holes for mounting the coil that are 9/64", and 12 holes that are 3/32".  That larger size (9/64") will allow the #6 bolt to go all the way through.  The smaller size (3/32") will allow the self-tapping screws to be screwed in easily yet will be nice and tight.

Let your instructor check how you are doing.
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Drilling the Holes in the PVC Coil Form:

IMPORTANT!
These next few steps must be done with care.  Do these steps carefully, and in the order given here, or else the mounting holes in your plastic coil form will not line up with the holes in the bread board.
Print your name on the coil form in pencil on the inside of the coil form.
Place the coil form in the bench vise, and tighten only enough to hold it in place.  Use the drill chart for the Bottom of the Tube.  Measure, mark, then drill hole -A- only.  
Push a 6-32 x 3/4" Phillips flat head screw up through Hole -A- in the bottom of the breadboard, (See the Breadboard Drilling Template to see where it is.) and through hole -A- on the tube.  Put a nut on the screw to hold things together.  Then, mount the tube in the vise, with the bottom of the board face up.

Line up the coil form so it is directly over hole -C- on the Breadboard.  Have your buddy hold things in place for you.  Put the drill bit through hole -C- in the bread board, and carefully drill (use 9/64" bit) through the coil form.  This is called "drilling in place".  It allows you to drill holes that match up almost exactly.  This is a handy thing to know how to do.
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After you have hole -C- drilled, put a 6-32 x 3/4" Phillips flat head screw through the board and coil form, then fasten with a nut like you did before.  You are now ready to drill the third mounting hole in the middle at -B-.

Now that the coil form is fastened at both ends, (and still in the vise) drill the hole at -B-.  (9/64")  You now have your mounting holes done.  They will line up perfectly when you go to mount the coil later on.  

Before you take things apart, show what you have done to your instructor.

Mark the holes A, B, and C on the inside of the tube next to the holes, so that you don’t forget which holes mate with which.  If you reverse the tube the holes will probably not match up.  Try this and see.

Drilling the Remaining Holes in the Coil Form:

Now it is time to measure and mark the coil form.  Keep the coil form attached to the breadboard. 

Refer to the diagram for the top of the coil form. 

Measure, mark, punch, and drill the holes on the top of the coil form.  Use a center punch to make a dent on the coil form like you did on the breadboard.  This makes it easier for the drill bit to start cutting without "wandering" off of its mark.  Let your instructor check, to be sure the marks are in the right place.  

Drill the holes with a 9/64" bit.  Notice that you drill 2 pair or holes that are offset at right angles on the side where hole C (on the bottom) is.  Drill 6 holes that are 9/64".

Take the coil form off of the breadboard.

Use the drilling pattern for the bottom of the coil form as a guide.  Measure and mark as shown.  The remaining holes on the bottom are all small (3/32").  You should let your instructor check your marks to be sure they are in the right place.  Then drill them.  There are 8 of these holes.

[image: image3.wmf]1/4"

1/4"

3 3/4"

3 3/4"

Drill All 6 holes 9/64"

Drill Pattern for top of Coil Form

 

When you have all the holes drilled in the coil form, let your instructor take a look at it.

Mount the Parts on the BreadBoard:

Refer to the Parts Layout Diagram as a guide. 

Mount the hardware as shown on the Parts layout Diagram.  

Do not mount the coil form or variable capacitors at this time.  

Do not mount the crystal holder and U-bracket parts of the Crystal detector at this time.  

Mount all the hardware using the 6-32 x 1/2" Phillips pan head self-tapping screws.  Mount the solder lug on top of the Fahnestock clip.  Make sure the parts are properly positioned when things begin to tighten up.  Use the Phillips Screwdriver.  If the parts go crooked, loosen the screw, reposition, and try again.

NOTE:

Do not over-tighten, or the threads will "strip" and the screw will lose its grip in the wood.  Make the screws just tight enough that they do not move or come loose. 

When you have the hardware mounted, let your instructor take a look.
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Wind the Coils:

This is the most interesting part of the project, and the part you are likely to remember the most.

Apply the Double Sided Tape:

Refer to the diagram that shows how to apply the tape.  

Put the rubber bands on the coil form as shown in the diagram.  This will help guide you as you apply the tape, so that you can put it on straight.

Pull a strip of tape off the pack.  Do not remove the backing.

Put the end on the coil form as shown, and carefully wrap it around the coil form so that the other end will be in line when you have wrapped it all the way around.  Cut off the excess tape so there is no overlap.

Put a second strip of tape exactly alongside the first.  Do not leave a gap but do not overlap the tape.  This is important.  Take your time.

Put the third piece of tape on the same way.  It does not matter if the tape covers the two little holes, or if it doesn't.

Put the remaining 3 pieces of tape on the same way.  Keep them straight.  Do not leave a gap between them, and do not let them overlap.  Cut off the excess.
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Now you are ready to start wrapping the coil of wire.

Wrap the Antenna Coil.  Refer to the diagram "How to wind the coil". 

Note:  If the Coil winding machine is available, use it.  Else, wind by hand as shown.

Sit down in your chair, and place the spool of wire on the floor between your feet.  Bring the end of the wire up between your shoes.  Your instructor will demonstrate this.  

Put the end of the wire through the two little holes near hole -A-, (holes aa) and wrap it through 3 times.  Pull it tight.  Then cut off the extra.  

Remove the backing from the strip of tape nearest where you attached the wire to the coil form.  

Start winding the wire along the edge of the tape.  Do this carefully.  Let the wire play out from the spool that is under and between your feet.  Turn the coil form and guide the wire.  Notice how the tape helps keep the wire in place.  Wrap the turns tight and close together.
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DO NOT LET A KINK FORM IN THE WIRE. THIS WILL MAKE YOUR COIL LOOK BAD.

Keep winding the coil until you have covered the first piece of tape.  Then remove the backing from the second piece, and continue.  Proceed on to the cover the third piece of tape with windings.  You will have about 100 turns when the all the tape is covered.  
Cut the wire so that there is about 12 inches extra.

Wrap it through the two small holes 3 times, the same way you did before.  You will attach this wire to something later.

Wrap the Detector Coil like you wrapped the Antenna coil.  Start at the other end of the coil form.  The direction you wind the wire does not matter, but you should wind it in same direction as the Antenna coil, so that it looks nice.  Use the diagram as a guide.  You should have at least 12 inches when you have covered all the tape.  Wrap this through the holes and bring the wire out as shown in the diagram.

Remember, keep all the windings tight, and close together.  Do not allow a kink to get in the wire.  

Sand the Wires on the Coil Form:

The wire is covered with an insulating varnish.  It is necessary to remove this so that the sliding brass ball will be able to make electrical contact with the turns of the coil.
Refer to the "Coil Sanding" diagram.
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Mount the Fahnestock clips, and solder lugs to the coil as shown in the diagram.  Use the 6-32 x 3/8" pan head screws and #6 nuts to hold the hardware to the coil form in the positions shown.

Put one of the brass rods at position 1.  Lay 2 pieces of masking tape on each side of the brass rod and shown.  Then remove the brass rod.  

Take a strip of the sandpaper that is supplied, and wrap it over the end of the pencil eraser.  Keep it tight with your fingers.

Sand the coil at position 1 until the varnish is removed in the channel between the pieces of tape.  Use a light and even pressure.  Try not to sand off the tape before you have sanded what you need to in the middle.  Let your instructor inspect your sanding to make sure all the varnish is off.

Repeat the steps above for positions 2 and 3 on the Detector Coil.  Let your instructor inspect these too.

When you are done sanding, you can remove the tape.  You should have a nice even shinny channel for the Slider to contact.  

Note:

The areas where the brass ball sliders rub should always be shiny.  From time to time you may see that it is getting dull, and your radio is acting funny. If this happens, you should lightly sand this area again using the pencil erasure and fine sandpaper.

Wiring the Radio:

You are now ready to wire your radio.  First you will wire the parts on the breadboard.  Then you will mount the coil and attach the wires to it.  You will use hookup wire that is provided.

Wiring the Breadboard:

For each wire you will measure the wire and cut it to the length specified, then you will strip off 1/4" of insulation from each end.  Then you will attach the wire to the terminals specified.  Place the wire as shown on the "Wiring Diagram".  Solder the connection only if instructed.

In the following wiring instructions, S means solder, the number is the number of wires that should be on the terminal when you solder, and NS means No Solder
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4 1/2
 Inches, from G1 (S1) to C1-1 (NS)

3 1/2
 Inches, from PH-2 (S1) to C2-2 (NS)

6 1/2
 Inches, from PH-1 (S1) to D2 (NS)

Mount the Coil:

Use the 6-32 x 3/8" Pan Head Phillips machine screw to mount the 3/4" standoffs at holes A, B, and C on the bottom of the coil.  Make sure the parts are nice and tight.

Put a 6-32 x 3/4" Flat head Phillips machine screw up through the bottom of the breadboard at hole A.  Place the coil in position so that you can attach the standoff that is at hole A on the coil to the machine screw that is in hole A on the breadboard. 

Tighten the machine screw snug, but not too tight.  

Put another 6-32 x 3/4" Flat head Phillips machine screw up through hole C in the breadboard and attach it to the standoff at hole C on the Coil.  Screw it snug.

Put another 6-32 x 3/4" Flat Head Phillips machine screw up through hole B.

If you did the drilling properly at the beginning, the machine screws through hole B should lineup with, and engage the standoff that is at hole B.  If it does, tighten it, and the other two.  Tighten the machine screws so that the flat head sinks into the wood and doesn’t stick out.

Wire the Coil:

For each wire you will measure the wire and cut it to the length specified, then you will strip off 1/4" of insulation from each end.  Then you will attach the wire to the terminals specified.  Place the wire as shown on the "Wiring Diagram".  Solder the connection only if instructed.

In the following wiring instructions, S means, "Solder", the number is the number of wires that should be on the terminal when you solder, and NS means, "No Solder".

5 1/2
Inches from L1-T (S1) to A1 (S1)

4 1/2
Inches from D1 (S1) to DT-1 (S1)

7 1/2
Inches from L2-T (S1) to C2-1 (S1)

4 1/2
Inches from Antenna coil wire, to C1-1 (S1)

4 1/2
Inches from Detector coil wire, to C2-2 (S2)

Prepare the Variable Capacitors:

NOTE:

Your capacitors may already have been prepared according to the instructions in the next three paragraphs.  You may skip these instructions if they have been prepared for you.
Bend the tabs so that tabs A and C on the variable capacitors are touching together, then solder them together.  Do this for both capacitors.  Bend the tab at B on the cap so that it sticks out and doesn't touch the others.  

Strip off all the insulation from a 2-inch piece of hook up wire, and solder one end to tab A on one Variable Capacitor.  Attach the 2-inch bare hook up wire to tab C on the other Variable Capacitor.

Attach a small piece of sticky foam to the back of each variable capacitor.

Mount and Solder the Variable Capacitors:

Mount the Variable Capacitors in the positions shown on the Wiring Diagram.  

Remove the paper from the sticky foam on C1.  Then for C1 place tab B near terminal C1-1, and press down to stick in place.  

Solder tab B to C1-1. (S2)

Solder the bare wire coming from tab C on C1 to terminal C1-2. (S2)

Remove the paper from the sticky foam on C2.  Then for C2 place tab B near terminal C2-2, and press down to stick in place.  

Solder tab B to C2-2. (S3)

Solder the bare wire coming from tab A on C2 to terminal C2-1. (S2)

Mounting the Slider Rods and Balls:

Use the Wiring Diagram as a Guide.  Push one ball on each rod.  
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1. Mount the rods through the clips with the balls on them as shown.  Be sure to press down hard on the clips to insert the rod under the hook.  After you get the rod in one clip you must press the clips on both ends at the same time to put the assembly into position.  If you bend the little hook, you can bend it back with the long nose pliers.

Adjust the clips so that the ball slides nicely along the coil.  It must not be too tight or too loose.  It should be easy to move, but still a little tight.

Mount the Galena Detector Stand:
Refer to the Wiring Diagram.

Remove the screw that holds terminal D2 in place.  Slide the brass strip under the clip so that the screw can go through the hole.  Put the screw back in.  

Mount the "U" bracket that holds the Rod and Ball with a 6-32 x 1/2" Philips Pan Head, self tapping screw.
Remove the screw that holds terminal D1 in place.  Slide a brass strip that has the Crystal Holder mounted to it under the clip so that the screw can go through the hole.  Put the screw back in.  

Put the Cats whisker on the end of the rod.  Twist it on gently.

Push the "Ball and Rod" with the Cats Whisker mounted on it, into the "U" bracket.

Push the Mounted Galena Crystal into the holder.

Place the Crystal Diode in the Clips marked D1 and D2.  It doesn't matter which direction it is going.  You can try it both ways if you want.

Mount the Tuning Dial and Slider Dial tags:

Carefully Cut out the tags with you scissors.  You may cut the tuning dial tags round, or square.  (Square is easier)  The Inductor Tap tags are all straight cuts.

Put some glue or sticky foam tape on the backs of the tags, after you have cut them out.  (Ask you instructor for help.)

Use the Model on the front table as a guide, and place the tags the same way.  Be sure to peel off the paper so the tags will stick.

Peel off the backing from the sticky tape and mount 

Congratulations!

You have finished building your Crystal Radio.

Sign the "Built by" tag, and let tape it to your radio with clear tape.

How to Listen to Your Radio:

Remember you must have a good antenna and ground for your radio to work well.

1. Hook up the Antenna and Ground wires to the marked terminals.

2. Hook up the special headset to the terminals marked "Phones" and put them on your ears.

3. Start with the Antenna Inductance slider ball on 7, the Detector Inductance slider ball on 7, and the Detector slider ball on 3.

4. Carefully turn the Antenna Tuning capacitor for maximum loudness on any station you hear.  

5. Then Carefully turn the Antenna Tuning Capacitor to try to make it even louder.  

6. Go back and retune the Antenna, then the Detector for the loudest signal.  You should hear a station nice and clear.

Try repeating the above steps for a different station.  It may seem difficult at first, but will get easier as you get the hang of it.  After you have some practice try moving the slider balls as well as the tuning capacitors to tune in different stations.

Using the Galena Crystal:

After you have a station tuned in using the Diode, try to detect it using the Galena Crystal.  (After all this IS a crystal set!)

2. Disconnect on side of the diode.  Leave the other side connected so that you do not lose the diode.  If you do you can get more at Radio Shack.

3. Very carefully adjust the Cats Whisker so that it barley touches the crystal.  Apply a very light pressure.  

4. If you do not hear anything lift the Cats Whisker off the Crystal, and touch it to another spot on the crystal.  It may take several tries to find a "Hot" spot on the crystal that causes the station to be heard.  

5. You will quickly notice that some spots on the crystal are better than other spots.  After a bit of probing you will become familiar with this behavior, and will know when you have a good spot, or a bad spot.

· Have Fun!
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