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Electrical Circuits: Automatic Book Light

Note: Do not look directly at LED with unshielded ges or damage to retina may
occur.

Introduction:

In this lab you will construct a simple book-liglging a chip clip, a push button switch,
a Light Emitting Diode (LED), and two AAA batterie§ he switch will be mounted in
such a way that the light will automatically comewhen the clip is clipped to a
magazine or book.

The Light Emitting Diode is &ransducerthat converts electrical energy into light. LEDs
are used for traffic lights, low power flashlighksgh efficiency lighting, and indicator
lights, etc.

The push button switch is a Single Pole, Singleowhswitch (SPST). This means that
there is one moving piece inside the switch (thi® phat can make one connection (the
throw). The push button switch is open when thigdouis not pressed. When the button
is pressed, the two terminals on the rear of thechvare connected.



Materials:

5000-10,000 mcd LED (Amber
or White) — 3 Volt

3 to 4” long length of 3/8“ OD
Vinyl Tubing

22 gauge solid insulated wire
Large Plastic Chip Clip ( 6”)
SPST N/O Pushbutton Switch
with OD=5/16"

Splice Crimp Connectors (4)
10 W resistor (may be optional)
Two AAA batteries

Double AAA battery receptacle
Electrical Insulating Tape
+Duct Tape or Ribbon
+Double Sided Tape

*12” of ¥2” flexible tubing (no
slit)

*2” of 3/8” flexible tubing (w/ slit)
Lead-free Solder

Hot glue or foam mounting tape
Sandpaper

3 alligator leads

Stiff wire (coat hanger type)

Tools:
Scissors
Crimp Tool
Soldering iron
Hot glue gun
Eye protection
1/4” Drill bits
Power drills
Wire cutters
1” board to drill on
Multimeter

The Circuit:
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You can construct this circuit by connecting theeghelements’ terminals as shown with
alligator clips. Verify that all parts are workithgfore continuing with the book-light.

Note that one terminal is longer than the othettierLED. The longer terminal must be
connected to the positive side of the batterytierltED to light up. The LED is a diode
and it must be forward biased in order to work eciy.
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Project Steps:

Drill one hole in the chip clip with a 1/4” bit. hIs is where the switch
will be inserted and the gooseneck of the light aennect to the chip clip

at this point. Check the underside of the chip clip first to
make sure you are not drilling through a ridge!!! The
underside of the clip must be flat where you mounthe
switch. Wear safety glasses.

Solder two 8” pieces of wire to each of the terrtsrad the pushbutton
switch. The wires must be first cut to length &ath ends of each wire

stripped of about 2" of the insulatiofake sure the switch’s
terminals do not ever touch. This would cause theED to
always be on. Try not to use too much solder becss this




extra bulk will cause a short (an unintentional comection)

between the two terminals!!! Ask for help with saodlering if
needed before you do this.

3. Unscrew the nut and remove the locking washer fiteerpush button switch.

4. Insert the switch with the two wires facing up (pgh button between clip jaws)

and replace the locking washer and screw the rak da so switch is secure.

Tape the soldered end of one of the wires withtatal tape to prevent the two
wires from shorting out (accidentally making comadNote, in this photo office
tape is being used instead of electrical tape;blesek electrical tape because it is

tougher. Do not use too much tape to avoid exeedsilkiness. One layer of
tape is fine.




6. Attach a multimeter to the wires’ ends. Presshilton and verify that contact is

made and verify that there is an open (no contaleen the button is not pressed.
The meter should beep when the button is pressed.do

Thread the two wires through a 4” piece of theybinbing. Push the tubing
down over the bottom of the pushbutton switch asvshbelow. This will hold
the wires upright. This will require some forcegiet the tubing to slide over the
body of the switch. If the tubing is slightly cexy then twist it so the tubing
curves toward the book. Use gentle, twistingdaxxget the tubing over the
switch.

8.

9.

Clip the chip-clip to a small book or magazine.nB®ne wire to make a
gooseneck shape. Imagine the LED connected 1” fhenend of this wire. If the
gooseneck seems too long, trim the wire to thetteggu want. Strip 1/2” of the
insulation off the end after trimming the wire.

The other switch wire should bend down over thenigib This wire will connect
to the battery.

*Connect one end of the resistor to the positive @ithe LED.  Step-9 may
be optional Ask instructor if you need a resistor as this dep&ds on



the specific LED you are using.) Treat this resisir like the long
side (+ end) of the LED for the rest of this lab.

10. Splice or connect the upright wire to the longesid the LED. Use the crimp
tool or twist wires together.

11. Splice a +/-10” wire to the other side (short $idethe LED. Use crimp tool or
twist wires together.

12. Cover all bare wires with insulating tape. If ydoi not insulate the wires they
will ‘short’” and your light will not work. If LEDwires touch you will short out
the battery and the electrical current will by-paesLED.

13. Insert a 1” to 2” section of 3/8” slit tubing oviere switch as shown above.

Use %2" tubing at_
end of lab to
cover everything.

Use 3/8”
tubing at
base of
switch
and if
desired
at base
of LED
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14. Insert a 10”-12" piece of stiff wire into the blatkbing. This will act as the

15.
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“spine” or structural support for the gooseneclo riot push down hard on this
wire. It should not go through the vinyl tubingths underneath the black tubing
because there isn’t room for it there.

Glue or tape with double sided tape the AAA battegeptacle to the flat side of
the chip clip. If using hot glue, rough up thefaae first with sandpaper.

You are now ready to connect the wires to the batte:

. Connect the free end of the LED (negative sidehéonegative side of the battery
(black wire). Do this by splicing or twisting wee Make sure to cover any bare
conductor to avoid an unwanted short.

. Next you will need to connect the free switch wiméhe positive side of the
battery (red wire). If the wires are too long yoay want to trim them down.

. Insert two AAA batteries and test your circuit biypping it to a few pages in your
book.

. Lastly, cut a piece of 1/2” diameter non-slit tupto cover the wires from the
base of the switch up to the bottom of the LED.t iCto the length of your
gooseneck. Slide this piece of tubing over the 480 push it down to where the
other black tubing is. Make sure this outer tuldiogs not cover the LED. You
can join the two tubes by pushing the larger tulungr the smaller tubing, or you
can join the tubes together using black electtipé.



20. You may want to add a very small piece of 3/8” hgpio where the LED is and

then use black electrical tape to seam the tweoegiet tubing. This will hold the
larger tubing in place and give your light a morefessional look.

21. The light is ready to serve. Enjoy!

Questions:

1.

2.

What happens to the electrical current when thécbvis open?
What three things are needed to get electricijataiseful work?
What does it mean when we say “there is a short™?
What does “normally open” mean when referring ® slvitch?
Describe with a sketch how a LED diode works.
If your light were left on indefinitely, eventualtiie book-light would go out.
What do you think would cause the light to go odi?e diode or the LED? Use
the following information to determine time-to-faie€ and which element is likely
to be the first to fail:

a. Power = Voltage X Current

b. Energy = Power X Time
c. Current of LED isE 20 mA  try measuring this w/ meter



d. P absorbed in a resistor%Ri (You may want to ignore the resistor.)

e. Voltage applied to LED = 3V

f. Look up the Watt-hours stored in one AAA battery at
http://www.allaboutbatteries.com/Energy-tables.html

g. Lifespan of LED: 100,000 hours (or longer).

. How could you test your time-to-failure estimateirfid in #6?

. State one thing you could do to give your lighbader life on one set of
batteries?

. Research how a typical fluorescent light bulb warkeg the phophor coating.
How is the similar to the LED that appears white?



Grading Rubric for Questions:

Response Description

0 No attempt

Answer is partially accurate but key explanations are missing or
are incorrect.

3 Answer includes an accurate explanation but the answer is not
thorough or clear.

Answer includes an accurate explanation with all concepts and
4 explanations clearly shown but answer needs further
development.

Accurate and complete explanation: Answer includes a fully
5 developed, accurate explanation with some pictures or sketches
to illustrate the explanations.

Other common circuits with Switches:

The two-way switch
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Power Windows in Cars:

Other Circuits to Study:

Thermister and Bridge Circuit to determine temp&eto control and operate a
fan or heater.

Light Dependent Resistors (CdS)
Dissect Sunbeam’s Hot Shot or Coffee Pot with tlaswitch.

Rice Cooker

Digital Logic — counter, voting machine, machine determine who had answer
first, etc.
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