Electronics Merit Badge Kit
Theory of Operation

This is an explanation of how the merit badge kit functions. There are several topics worthy of
discussion. These are:

LED operation.
Resistor function in this design.
Switch operation.
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Microcontroller operation.

LED Operation

The schematic symbol for an LED is:

ANODE CATHODE

——————— Direction of current.

LED stands for light emitting diode. A diode is a more general term that describes an electronic
component that allows electrons to flow through it (current) in only 1 direction. Current will only flow
from the anode to the cathode. A light emitting diode has an additional characteristic, in that when

enough current flows through it, the LED will light up. The amount of light the LED puts out is
proportional to how much current flows through it, up to a limit. If too much current flows through it,
the LED can overheat and ‘burn up’.

It is important to install an LED correctly in the PCB when assembling the kit. If installed backwards, no
current will flow through the diode, and the LED will not turn on.

Resistor Operation
The schematic symbol for a resistor is:

Resistor Symbol

A resistor is an electrical component that resists the flow of electrons (current). Units for resistance is
ohms. The larger the resistor value, in ohms, the more resistance to electron flow the resistor exhibits.

This is important in the operation of the kit, because a resistor is used to control how much current is
allowed to flow through the LED. This accomplishes two things in this design:
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Firstly, and most obviously, setting the resistor value (in our case, it is set to 200 ohms) will limit how
much current can flow through the diode, and consequently how much light the diode will emit.

Secondly, this resistor value will have a direct effect on battery life. If we used a smaller resistor, then
more current would flow through the diode, more light would be emitted, but the batteries would run
down more quickly.

Switch Operation

There are two types of switches used in the kit design. The first switch is a SPST, or single pole, single
throw switch. The schematic symbol for that is:

e

SPST Switch

This switch is used to connect the battery to the rest of the circuit. It is the on/off switch. If the switch
is in the off position, there is not connection from the battery to the circuit board components. Hence,
the circuit is off. Note that this type of switch is used in many places, though the size and amount of
current the switch can handle varies. A good example of general use of this switch type is the wall
switch that turns on the lights in a room.

The second type of switch used in this design is the momentary, push button switch. The schematic
symbol for this switch is:

PR —
— O0—

Momentary Switch

There are 2 of these switches used in this design. One switch is used as a ‘START’ button, and the
second is used as a ‘MODE’ button. The operation of this switch is fairly straight forward. Pressing the
button down will connect the two terminals of the switch, while releasing the switch disconnects the
two terminals.

Microcontroller Operation

The microcontroller is a small computer chip that can be programmed to perform a specific function. In
the case of this merit badge kit, the microcontroller (micro) waits for the ‘START’ or ‘MIODE’ button
press, and controls the LED display accordingly.

Several display modes are available, but we will only discuss in detail the single LED mode (available
when the circuit is powered up, before the ‘MODE’ button is pressed), and discuss briefly the two LED
mode.
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First, let’s discuss the technique used to turn on an LED. For this design, there are 12 LEDs that can be
lit. The way the circuit is designed, and the way the software has been written, only 1 LED is turned on
at any moment. This is necessary for those LEDs 1-8 and 12, since all these LEDs share 1 current limiting
resistor. Since all these LEDs share a single resistor, if 2 LEDs where turned on at the same time, their
light intensity would go down, because total current is determined by the resistor. This would basically
allow only half the amount of current to go through each of these 2 LEDs, and their intensity would be
dramatically less. So, for this circuit’s operation, only 1 LED may be turned on at a time.

LED Multiplexing

| use a simple technique called multiplexing when lighting the LEDs. Let’s use the case when we want to
show 2 LEDs on at the same time (the 2 LED mode). Since we are only allowed to turn on 1 LED at a time
by virtue of the circuit design, we turn one LED on for a short time, and then turn the second one on for
a short time, and we repeat this sequence very quickly. Even though we are turning 1 LED on and then
off, and turning the other LED on and then off, to our eyes it appears that both LEDs are turned on at the
same time. This technique can be extended so that all 12 LEDs can appear to be turned on at the same
time. This is a very popular technique used on many displays.

A benefit of using this technique is that it reduces the number of components used for this design, and
more importantly, it reduces how much current we need from the batteries, which makes the batteries
last longer. Since we are only turning on one LED at a time, we use a minimal amount of current from
the battery. Imagine if the circuit was designed such that all 12 LEDs could be turned on simultaneously,
we would use the batteries up 12 times faster.

Circuit Operation
So, here is a description of the software that is running in the micro, and how that relates to the circuit
operation.

Once the circuit is powered up, a single LED is illuminated, which indicates the micro is ready for an
input from one of the switches. If the ‘MODE’ button is pressed, the micro adjusts itself to change how
the LEDs will be controlled. When the ‘START’ button is pressed, the micro begins displaying the LEDs in
the selected sequence. As long as the ‘START button is pressed, the LED spin rate will stay at its
maximum rate. Once the ‘START’ button is released, the micro will begin slowing the spin at a
predetermined rate. The randomness of the circuit (which is the last LED lit when the spin cycle is
completed?) is determined by how long the ‘START’ button is pressed.

The micro consists of a CPU (central processing unit), memory and 1/0.

The CPU executes the command sequences defined by the program | wrote to do this function. This
program is written in the ‘C’ programming language.

Memory holds temporary values that the program uses while controlling the circuit. An example of a
memory item would be which LED is currently being displayed. This would take on the value of 0 to 11
(for 12 LEDs), and would be changed when a different LED is to be displayed.



I/0 stands for Input/Output, and is the part of the microcontroller that interfaces to our circuit. There
are 2 inputs defined for this design; ‘START’ and ‘MODE’. When one of these buttons is pressed, the
voltage that is present at that particular input will be connected to ground (0 volts). When the button is
released, the voltage will return to a voltage value that is the same as the battery voltage
(approximately 4.5 volts). Logically we can say that when the button is pressed, a logical 0 is presented
to the microcontroller pin, and when the button is released, a logical ‘1’ is presented to the pin. The
operating program is continuously monitoring these 2 inputs, and can detect when the input changes
from a 1 to a 0 and when it changes from a 0 to a 1. The program modifies its operation based on how it
interprets these 2 inputs.

There are 12 outputs in this design, each one controlling a single LED. When the output pin is driven to
a logical ‘1’, the LED connected to that pin will light up. The following schematic diagram illustrates one
LED circuit.

200 A4
s WM
"= GND

For the purposes of this discussion, we will use a green LED as an example. From a datasheet of a typical
green LED:

Electrical / Optical Characteristics at TA=25°C

Symbol Parameter Device Twp. Max Units Test Conditions
hpeak FPeak Wavelength Green ik} nm IF=20ma&
AD[1] Darminant Wy avelenath Green it} nm IF=20rmaA
A2 Spectral Line Half-width Green 30 nm IF=20ma&

[ Capacitance Grean 14 nF Wr=0W =1 Hz
WE[2] Formard Yoltage Green 2.2 248 W IF=20m#A
IR Reverse Current Green 10 U, YR =AY
Maotes:

1 Wavelendgh: +~1nm.
2. Forward Yoltage: +i0.1Y,

Of importance from this datasheet, the forward voltage drop across this LED is typically 2.2V, but a
maximum of 2.5V. If we assume a maximum voltage drop across the LED, we can calculate how much
current will go through the LED in our circuit.

From Ohms LAW: | =V / R. Since V_BATTERY = 4.5V, and V_LED = 2.5V, the current will be:



(4.5-2.5) / 200 = .010 Amps => 10 milliamps.

From this, we can say that the each LED, when lit, sees about 10 milliamps of current. This determines
the light intensity of the LED (and as previously discussed, the longevity of the batteries).

So, when the micro sets one of its outputs to logical 1, the LED will turn on, and its intensity will be
determined by the 200 ohm resistor. The micro program will control the order of LEDs and timing of
LEDs, until the predetermined sequence has concluded.

| will make a final comment about R2-R4, which are individual 200 ohm resistors dedicated to a single
micro output and LED. These separate circuits are identical in function to the other LEDs that share a
single resistor, but the separation is necessary when | want to write a new control program into the
micro. There are 4 special pins used when writing a new program, three of which are also used to
control LEDs.

Also, R5, which is a 56K resistor, connects to a special pin on the micro that has no functional purposes
when operating the circuit, but does have a purpose when operating the micro in a special debug mode,
which is used when writing the program.
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SOLDERING IS EASY

HERE'S HOW TO DO IT

gy: MITCH ALTMAN
(SOLDERING WISDOM)

NORDGREN
(COMICS ADAPTATION)
F KEYZER
C(LAYOUT AND EDITING)

() ®O©

DISTRIBLITE WIDELY!

DOWNLOAD THIS COMI.
SHARE IT WITH YOLIR F%/g/?/gglAND

HTTP://MIGHTYOHM.COM/SOLDERCOMIC




SOLDERING

/S A REALLY LISEFUL SKILL.

17 IS ALso WAY EASY!

REALLY, IT IS/
YOU/'LL SEE.

SOLDERING IS ALso LOTS OF FLN!
—_—

IF You kNow How To soLpeR, YOL CAN MAKE JUST

ABOUT ANYTHING WITH ELECTRONICS, wHicH I1s
JusT 100 cooL!

THERE ARE MANY WAYS TO MAKE GOOD SOLDER CONNECTIONS.
I'M GOING TO EXPLAIN HOW I DO IT.

LET’S GET STARTED/

SOLDERING IRON .
.Z;'l;”TS/P Iezrﬁ HOT ENOLIGH TO MELT

LDER, WHICH IS METAL.
?’/-O/A 7S ABOLT 200 DEGREES CELSIUS!

SAFETY TIP #1 (oF 3):
IF YOU TOLICH THE TIP, YOU WILL
LET GO VERY QUICKLY!

UALL SIN
17 15 A0Tep WITHL Bz 70

THIS IS SOLDER.

IT IS MADE OF METAL, USUALLY TIN AND LEAD.

WE USE THE SOLDERING IRON TO MELT THE
SOLDER AND MAKE ELECTRICAL CONNECTIONS.

WHEN THE SOLDER HEATS
LUP, THE ROSIN MELTS
ALMOST IMMEDIATELY

THE METAL
FOLLOWS
SHORTLY
THEREAFTER

THE ROSIN FLOWS AROLIND WHAT
YOU WANT TO SOLDER, CLEANS THE
METAL, AND HELPS MAKE A BOOD
SOLDER CONNECTION.

THE BEST SOLDER FOR ELECTRONICS HAS
ROSIN CORE AND IS 60% TIN, HO% LEAD.

ALSO KNOWN
AS FLUX —J

i

THERE ARE OTHER TYPES, FOR INSTANCE LEAD-FREE SOLDER, BUT
IT HAS TOXIC CHEMICALS IN ITS CORE, AND IT IS NOT QUITE AS
EASY TO USE AS SOLDER WITH LEAD. IT ALSO CORRODES
SOLDERING IRON TIPS QUICKLY. IF YOL CAN ONLY GET LEAD-FREE
SOLDER WHERE YOU LIVE, IT'S OK, BLUIT PLEASE DON’T BREATHE IN
THE NASTY SMOKE.

SAFETY TIP #2 (oF 3):

LEAD IS POISONOLS. 1T 6GETS
ON YOLIR SKIN WHEN YOLI HOLD THE
SOLDER, SO WASH YOLIR HANDS
AFTER SOLDERING/

AN

(v

IF YOL DON'T WASH YOLR HANDS AFTER SOLDERING, THE LEAD MAY
GET IN YOLR BODY, WHERE IT GETS STORED IN YOLIR BRAIN

FOR YOLIR ENTIRE LIFE. IF ENOLIGH COLLECTS THERE THEN YOL/
GO INSANE, AND You LOSE ALL OF YOLIR FRIENDS. SO - WASH

YOLIR HANDS AFTER SOLDERING, AND KEEP YOLIR FRIENDS!




ELECTRONIC CIRCLIITS 4rRE MADE LP

OF ELECTRONIC

PARTS CONNECTED TOGETHER.

TOGETHER EVERYTHING T4 o NeED o CONNECT

NOT con, T SHOLLD connecT T,
TOGETHER. INECT anvrrine THAT SHoLLD NoT BE cocyeiAr/Zf*A;éng

THERE ARE MANY WAYS TO CONNECT ELECTRONIC PARTS
TOGETHER, BUT PERHAPS THE EASIEST WAY IS WITH A

PRINTED CIRCUIT BOARD

THE PCB MAKES
IT EASY BECALISE
IT HAS

PADS For
EACH PART.

IF YOU LOOK CAREFLLLY AT THE PCB, YOL WILL
SEE LINES CONNECTING PADS TOGETHER WITH
OTHER PADS - THESE LINES ARE CALLED TRACES.

ALL OF THE PARTS HAVE WIRES STICKING OUT OF THEM:

-, f\«

ALL OF THESE WIRES, REGARDLESS OF
WHAT THEY LOOK LIKE, ARE CALLED

LE A D SINCE THEY LEAD TO THE PARTS.

(PRONOLINCED “LEEDZ")

MOST PADS HAVE A HOLE IN THE MIDDLE - THIS IS WHERE THE
LEAD POKES THROLIGH AND MAKES A CONNECTION TO THE
CIRCUIT!

IF yoU PUT ALL OF THE LEADS FROM THE PARTS INTO
THE CORRECT PADS FOR THE PARTS

AND IF YOU PUT ALL OF THE PARTS IN THE CORRECT
ORIENTATION

mmen THE CIRCUIT WILL JUST WORK!
THIS IS BECALSE THE BOARD CONNECTS EVERYTHING THAT
SHOLILD BE CONNECTED, AND NOTHING THAT SHOLLD NOT BE




WE'LL START WiTH A RESISTOR.

————QmD-

RESISTORS HAVE TWO LEADS AND (LINLIKE SOME PARTS, SLICH AS
DIODES, WHICH HAVE A “"PLUS” SIDE AND A “"MINLIS” SIDE) CAN BE
PLACED IN THEIR PADS IN EITHER DIRECTION.

R1 LeD1 4] R
]
e 9-
B o0
PCBS USUALLY HAVE MARKINGS TO SHOW WHERE EACH PART

GOES (AND IF THE ORIENTATION MATTERS, THE PCB LISLIALLY
HAS SOME WAY TO SHOW YOU THIS).

R3
)

SINCE THE WORD “"RESISTOR” STARTS WITH THE LETTER "R ”, THE PCB
LISUALLY MARKS PLACES WHERE RESISTORS GO WITH AN
FOLLOWED BY THE RESISTOR’S NUMBER, SLICH AS “"R3”

SO, TO SOLDER IN THE RESISTOR, YOL START BY FINDING THE
CORRECT VALLIE OF RESISTANCE FROM THE PROJECT’S
DOCLIMENTATION.

THEN BEND THE TWO
LEADS OF THE RESISTOR
DOWN THE WIDTH OF THE
PART, LIKE THIS:

THEN PLACE THE TWO
LEADS THROLIGH THE TWO
PADS ON THE PCB FOR
THIS RESISTOR.

YOU PLUSH THE RESISTOR’'S

‘___m____—————-——

LEADS THROLIGH THE PADS
UNTIL THE PART RESTS FLAT
ON THE PCB

(SOMETIMES YOL MAY NEED TO
WIBGLE AND TLIG GENTLY ON THE
LEADS FROM THE BOTTOM OF THE
PCB TO DO THIS).

FOR MOST PCBS, ALL OF THE PARTS ARE PLACED THROLIGH THE PADS
ON THE PRINTED SIDE OF THE PCB (WHICH WE'LL CALL THE TOP OF
THE BOARD), AND WE'LL SOLDER ALL OF THE PADS ON THE BOTTOM

OF THE BOARD.

THEN YOU TURN THE PCB OVER SO WE CAN SOLDER THE TWO PADS.

AS YOL TURN THE PCB OVER, YOU
WILL NEED TO HOLD THE RESISTOR
WITH YOUR FINGER SO IT DOESN'T
FALL OUT OF THE BOARD.

\_/

THEN YOU BEND THE LEADS OF THE RESISTOR
OLITWARDS AT ABOUT 45 DEGREES SO THE PART
WON'T FALL OUT WHILE WE SOLDER IT IN PLACE.

GOT IT? GREAT/

2

AS I SAID EARLIER, SOLDERING IRONS
GET HOT ENOLIGH TO MELT METAL.
THAT MEANS THAT THE TIPS GET HOT
ENOUGH TO OXIDIZE QUICKLY, WHICH
BASICALLY MEANS THAT THEY GET
DIRTY JUST SITTING IN THE AIR/

3

s
~
i
~~
')

THE OXIDES ARE AN INSLLATOR FOR
HEAT, SO WE WANT TO CLEAN

THEM OFF THE TI/P BEFORE
EACH SOLDER CONNECTION SO THE

HEAT FLOWS NICELY AND WE
CAN MAKE GOOD SOLDER
CONNECTIONS.

THIS IS WHY WE HAVE A WET SPONGE:
TO CLEAN THE OXIDES OFF THE TIP. JUST SCRAPE THE
TIP ACROSS THE SPONGE GENTLY,

THEN ROTATE THE IRON AND SCRAPE GENTLY
ACROSS THE SPONGE AGAIN.

7O SOLDER. REMEMBER TO CLEAN THE TIP LIKE THIS
BEFORE EACH CONNECTION YOU MAKE - THE TIPS OXIDIZE

QUICKLY!
IF THE TIP IS NICE AND SILVERY AND SHINY, Yol

CAN MAKE GOOD CONNECTIONS.

TIME TO ACTUALLY SOLDER/

HOLD THE SOLDERING IRON IN YOLIR DOMINANT
HAND, LIKE YOU WOULLD HOLD A PENCIL.

THIS SHOULD MAKE THE TIP SILVERY AND SOMEWHAT SHINY - READY

HOLD THE SOLDER IN YOLIR OTHER HAND.




'

TOLICH THE CLEANED TiP TO BOTH
THE PAD AND THE LEAD or rhe ~ e
PART YOL WANT TO SOLDER. 7 4

KEEP IT THERE FOR ABOUT 1 -~~~

SECOND, so EVERYTHING HEATS LIP NICELY.
d I

g

THEN ADD ABOLT MM TO 3MM
OF SOLDER UI\LDE_R THE TIP.

PCB

I

DON'T ADD IT ABOVE THE TIP, SINCE THAT MELTS THE SOLDER
ONLY ONTO THE TIP, WHERE IT DOESN’'T DO ANY GOOD.

WE WANT THE SOLDER TO FLOW NICELY ALL AROLIND
BOTH THE PAD AND THE LEAD TO MAKE A GOOD
CONNECTION.

THE SOLDER WON'T MELT UNTIL IT ACTUALLY TOUCHES THE HOT
SOLDERING IRON TIP, BUT ONCE IT TOLICHES THE TIP, THAT'S
WHEN IT MELTS, AND YOL CAN THEN ADD YOUR IMM TO 3MM
OF SOLDER.

o~
7

PR K:

THEN, PULL THE SOLDER AWAY .

BUT - AND THIS IS VERY IMPORTANT -
KEEP THE SOLPERING IRON TIP ON THE PAD

AND LEAD For ssour 1 MORE SECOND

SINCE IT TAKES TIME FOR THE SOLDER TO FLOW AROLIND THE
PAD AND THE LEAD, AND IT WILL ONLY FLOW WHEN IT IS HOT.

Z

PR

i

THEN PULL THE SOLDERING IRON AWAY, AND TAKE A LOOK AT
YOLIR PERFECT SOLDER CONNECT/ION!

SEE HOW EASY IT IS/

PLEASE NOTE THAT THE SOLDER COOLS DOWN AND
HARDENS QUICKLY ALL ON ITS OWN. IT ONLY
TAKES ABOUT A SECOND. AND THEN YOLI ARE READY FOR
YOLIR NEXT SOLDER CONNECT/ON.

THAT SMOKE THAT YOL SAW
WHEN THE TIN/LEAD SOLDER
MELTS IS THE ROSIN
VAPORIZING.

IT CONTAINS SOME CHEMICALS
THAT ARE NOT BOOD FOR YOU,
SO TRY NOT TO BREATHE IT/

you CAN BLOW GENTLY
ON THE CONNECTION AS
YOL SOLDER TO KEEP
THE SMOKE AWAY FROM
YOLIR LLINGS.

NOW PUT THAT SOLDERING IRON BACK IN ITS STAND
WHILE WE'RE NOT LISING IT.

I 18

THE STAND KEEPS THE HOT IRON SAFELY ON THE
TABLE. MO;ST PEOPLE SAY THAT IT’S NOT FLIN TO HAVE IT LAND
IN YOLIR LAP:




0
t
1
i

YOU CAN TELL A GOOD
SOLDER CONNECTION

BecAuse THE SOLDER
TOTALLY COVERS THE
PAD anp SLIRROLINDS
THE LEAD.

LET’S TAKE A LOOK AT WHAT
MAKES A BOOD SOLDER
CONNECTION.

\ IF you CAN SEE THE SOLDER

y ANY OF THE ORIF IS FLAT ALONG
HOLE OR PAD THE BOARD

—

THEN You DIDN’T ADD ENOLIGH SOLDER
AND so THERE MAY NOT BE A
CONNECTION WHERE WE NEED ONE.

IF THIS IS THE CASE, NO PROBLEM - JUST REPEAT THE PROCEDLIRE
(CLEAN THE TIP, TOLCH THE TIP FOR 1 SECOND ON THE PAD AND LEAD,
ADD MM TO 3MM OF SOLDER, PLILL THE SOLDER AWAY, KEEP THE TIP
ON THE PAD AND LEAD FOR 1 MORE SECOND, AND PLILL THE TIP AWAY),
AND IT SHOULD THEN BE TOTALLY FINE.

IF THERE IS TOO MLICH SOLDER, THAT
MEANS THAT YOU ADDED SO MUCH SOLDER THAT
THERE IS A SOLDER BLOB ON A PAD THAT IS BIG

ENOLGH TO ALSO TOLICH ANOTHER PAD,
CREATING A CONNECTION WHERE THERE
SHOULD NOT BE ONE. THIS CAN HAPPEN.

IF IT POES, NO PROBLEM!
JUST CLEAN THE TIP, HOLD THE TIP TO THE SOLDER
BLOB BETWEEN THE PADS FOR 1 SECOND

/

* X

AT

THEN BANG THE BOARD AGAINST YOLIR WORK
TABLE TO FLING THE EXCESS MOLTEN SOLDER TO THE TABLE
You m,

THE CONNECTIONS SHOLILD THEN BE FINE 70 Weay 2ANT
(THOLIGH YOL MAY NEED TO LIGHTLY SCRAPE ANY GLassgs, T FETY

EXCESS SOLDER FROM THE PCB, WHICH YOLI CAN
USUALLY DO WITH YOLIR FINGERNAIL) @Cﬁ

TULY?  r?

SOME PEOPLE LIKE TO SOLDER PARTS TO THEIR PADS
AFTER ADDING A BLNCH OF PARTS TO THE BOARD.

I PREFER TO ADD AND SOLDER ONLY ONE PART
TO THE BOARD AT A TIME. I FIND THIS EASIER
SINCE THERE AREN'T SO MANY LEADS THAT CAN GET
IN THE WAY OF MY SOLDERING IRON.

u?

ALSO, IF I ADD MORE THAN ONE PART TO THE BOARD I
SOMETIMES MISS SOLPERING A PAD, SINCE IT ISN'T SO
EASY (AS YOU MIGHT THINK IT WOLILD BE) TO SEE WHICH
CONNECTIONS ARE SOLDERED.




AFTER SOLDERING ALL OF THE LEADS OF THE PART
YOU ARE SOLDERING, IT IS TIME To CLUIT OFF THE
EXCESS LEADS.

THIS MUIST BE DONE TO ENSLIRE THAT THE EXCESS
LEADS DO NOT BEND OVER AND SHORT TO
ANOTHER LEAD OR PAD.

IF THIS HAPPENS, THEN THERE WILL BE A
CONNECTION WHERE WE DO NOT WANT ONE.

TO CUT THE LEAD, WE'LL USE A
SMALL WIRE CUTTER.
ONE SIDE HAS FLAT CUTTING

EDGES, AND THE OTHER SIDE HAS A
DEEP GROOVE.

)

PLACE THE FLAT EDGE DOWN, PARALLEL TO THE
pcB, JUST AT THE TOP OF THE LITTLE BUMP OF
SOLDER.

SQUEEZE THE HANDLES, ANp THE CUTTING EDGES
SNAP SHUT.

WHICH TURNS THE
EXCESS LEAD INTO A

PROJECTILE
THAT HITS
YOU RIGHT IN
YOLIR EYE!

SAFETY TIP #3 (OF 3): ALWAYS HOLD THE
LEAD YOU ARE CUTTING WITH ONE HAND WHILE
YOL CUT WITH YOLIR OTHER HAND.

IF THE EXCESS LEAD IS TOO SHORT TO HOLD ONTO (BLIT LONG
ENOLIGH TO POTENTIALLY SHORT OUT TO SOMETHING ON YOLIR PCB),

THEN POSITION THE WIRE CLTTER,
HOLD YOLIR FINGERS OVER
THE LEAD,

AND THEN SQLIEEZE.

4);?5{/ May) (70 ey
Wongr Sarery
®LASSES/,

| IF YOU ALWAYS DO THIS, YOU WILL ALWAYS BE SAFE. I

LEADS THAT ARE ALREADY VERY SHORT, suUcH As IC
sockers, PO NOT NEED TO BE CUT - THEY HAVE
é%‘opesr STHAT ARE TOO SHORT TO BEND OVER AND MAKE

S H

IF You MAKE A MISTAKE, IT IS TOTALLY OK.

ALL MISTAKES ARE FIXABLE (THOUGH SOME
ARE EASIER THAN OTHERS).

AND MAKING MISTAKES IS HOW WE
/BgARN TO BECOME BETTER AT EVERYTHING WE

WHILE SOLDERING IS EASY, INSOLDERING

TAKES LOTS OF PRACTICE. AND IF you
MAKE A MISTAKE, YOLI GET TO HAVE SOME
PRACTICE!




AS You SOLDER MORE, you WILL PICK LIP
MANY TIPS AND TRICKS THAT wiLL MAKE

SOLDERING EVEN EASIER.
sur YOLI ARE NOW
TOTALLY READY
TO SOLDER JLIST
ABOUT ANYTHING/

A\

IF YOU LIKE SOLDERING, AND WANT TO SOLDER
WELL, YOL'LL WANT TO BLY SOME GOOD TOOLS.

BUT YOU DO NOT NEED TO SPEND A LOT
OF MONEY TO GET THEM.

YOLI CAN BLIY A DECENT SOLDERING
IRON (IN THE SHAPE OF A LONG, FAT
PENCIL) FOR ABOUT LIS$15

YOL/'LL NEED A
SOLDERING IRON
STAND THAT FITS A

WET SPONGE,
WHICH WILL COST YOU

ABouT LIS$6

IF YOL REALLY WANT TO GET FANCY, OR IF YOL THINK YOL WILL
BE SOLDERING LOTS, OR SOLDERING A BUINCH OF SMALL
THINGS

YOLI CAN BLY A DECENT SOLDERING STATION, COMPLETE
WITH A STAND AND SPONGE FOR ABOLIT LIS$60

THEN YOLI'LL NEED AN

ok WIRE CUTTER, BLY A POUND ROLL (OR A 5006

FOR ANOTHER LIS$6 RoLL) oF DECENT SOLDER
FOR ABOUT LIS$35 AND YOLI'LL

BE SET FOR YEARS OF
SATISFYING SOLDERING

T,z
AN GE
BNEND. | EAD
0/M9 TIONRE gFORE! K
GROSIN CNTIONEDES WL ngy T0
(s 1 MEbe SOLGoT 45 B
LEAD 2T I,

NG, WITH:

F YO WiTH

RECO.

YOLU REALLY DON'T NEED MORE

BUT YOU MIGHT ALSO WANT LONG NOSE PLIERS (ABOUIT LUS$6) AND WIRE STRIPPERS
(ABOUT LIS$10). (AND SAFETY GLASSES CAN BE BOLIGHT FOR AS LITTLE AS US$2.)

©.00
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From http://www.electronics-tutorials.ws/dccircuits/dcp 2.html
Ohms Law

The relationship between Voltage, Current and Resistance in any DC electrical circuit was firstly discovered by the German
physicist Georg Ohm, (1787 - 1854). Georg Ohm found that, at a constant temperature, the electrical current flowing through a
fixed linear resistance is directly proportional to the voltage applied across it, and also inversely proportional to the resistance.
This relationship between the Voltage, Current and Resistance forms the bases of Ohms Law and is shown below.

Ohms Law Relationship

Current, (1) = Vof’rage, )
Resistance, (R)

By knowing any two values of the Voltage, Current or Resistance quantities we can use Ohms Law to find the third missing
value. Ohms Law is used extensively in electronics formulas and calculations so it is "very important to understand and
accurately remember these formulas".

in Amperes, (4)

To find the Voltage, (V)

[V=1xR] V/(volts) =1(amps) xR (Q)
To find the Current, (1)

[I=V+R] I(amps) =V (volts) + R (Q)
To find the Resistance, (R)

[R=V=+1] R (Q)=V(volts) =1 (amps)

It is sometimes easier to remember Ohms law relationship by using pictures. Here the three quantities of V, | and R have been
superimposed into a triangle (affectionately called the Ohms Law Triangle) giving voltage at the top with current and resistance
at the bottom. This arrangement represents the actual position of each quantity in the Ohms law formulas.

Ohms Law Triangle

and transposing the above Ohms Law equation gives us the following combinations of the same equation:

Vv

I|R (D|R I |R)
-1xrR @®-§ ®-)

Then by using Ohms Law we can see that a voltage of 1V applied to a resistor of 1Q will cause a current of 1A to flow and the
greater the resistance, the less current will flow for any applied voltage. Any Electrical device or component that obeys "Ohms
Law" that is, the current flowing through it is proportional to the voltage across it ( | a V), such as resistors or cables, are said
to be "Ohmic" in nature, and devices that do not, such as transistors or diodes, are said to be "Non-ohmic" devices.

Power in Electrical Circuits

Electrical Power, ( P ) in a circuit is the amount of energy that is absorbed or produced within the circuit. A source of energy
such as a voltage will produce or deliver power while the connected load absorbs it. The quantity symbol for power is P and is
the product of voltage multiplied by the current with the unit of measurement being the Watt ( W ) with prefixes used to
denote milliwatts (mW = 10'3W) or kilowatts (kW = 103W). By using Ohm's law and substituting for V, | and R the formula for
electrical power can be found as:

To find the Power (P)


http://www.electronics-tutorials.ws/dccircuits/dcp_2.html

[P=VxI] P (watts) =V (volts) x | (amps)
Also,

[P=V’+R] P (watts)=V>(volts) + R (Q)
Also,

[P=PxR] P (watts)=I?>(amps) xR (Q)

Again, the three quantities have been superimposed into a triangle this time called the Power Triangle with power at the top
and current and voltage at the bottom. Again, this arrangement represents the actual position of each quantity in the Ohms law

power formulas.

and again, transposing the basic Ohms Law equation above for power gives us the following combinations of the same equation
to find the various individual quantities:

The Power Triangle

V) =

One other point about Power, if the calculated power is positive in value for any formula the component absorbs the power,
that is it is consuming or using power. But if the calculated power is negative in value the component produces or generates
power, in other words it is a source of electrical energy.

Also, we now know that the unit of power is the WATT, but some electrical devices such as electric motors have a power rating
in the old measurement of "Horsepower" or hp. The relationship between horsepower and watts is given as: 1hp = 746W. So
for example, a two-horsepower motor has a rating of 1492W, (2 x 746) or 1.5kW.

Ohms Law Pie Chart

To help us understand the the relationship between the various values a little futher, we can take all of Ohm's Law equations
from above for finding Voltage, Current, Resistance and Power and condense them into a simple Ohms Law pie chart for use
in AC and DC circuits and calculations as shown.

Ohms Law Pie Chart

I =Amps \V = Volts

P = Watls R = Ohms

As well as using the Ohm's Law Pie Chart shown above, we can also put the individual Ohm's Law equations into a simple matrix
table as shown for easy reference when calculating an unknown value.



Ohms Law Matrix Table

Example Nol

Ohms Law Formulas

Known
Values

Resistance

(R)

Current
(1)

Voltage
(V)

Current &
Resistance

Vo= IxR

P=1I%R

Voltage &
Current

=)
I

Wxl

Power &
Current

Yoltage &

Resistance

Power &
Resistance

Yoltage &
Power

<|©

For the circuit shown below find the Voltage (V), the Current (1), the Resistance (R) and the Power (P).

I=2A

+

V= 24v

il

-

Voltage [V=I1xR]=2x12Q0=24V

Current [I=V+R]=24+120=2A

Resistance [R=V=+1]=24+2=12Q
Power [P=VxI|]=24x2=48W

Power within an electrical circuit is only present when BOTH voltage and current are present for example, In an Open-circuit
condition, Voltage is present but there is no current flow | = O (zero), therefore V x O is O so the power dissipated within the
circuit must also be 0. Likewise, if we have a Short-circuit condition, current flow is present but there is no voltage V = 0,
therefore 0 x | = 0 so again the power dissipated within the circuit is O.

As electrical power is the product of V x |, the power dissipated in a circuit is the same whether the circuit contains high voltage
and low current or low voltage and high current flow. Generally, power is dissipated in the form of Heat (heaters), Mechanical

R=120
P = 48W

Work such as motors, etc Energy in the form of radiated (Lamps) or as stored energy




1% tolerance

Resistor Value Examples &

=0

Brown =1

Red =2

Orange =3

_ o _ Yellow =4
First Ring is units Green =5
SecondRing is Ten Blue =6
Third Ring is number of zero's Violet =7

Gray =8
Example of Color Rings White =9
First Ring SecondRing Third Ring
Red Red Red 10 2200 ohms

=2 =2 = X _0 =
T Black =0 Red =2 Brown = X 10 = 020 ohms
Test of Color Rings
First Ring SecondRing Third Ring
“—— Brown = Green = Brown = = ohms

é Green = Red = Yellow = = ohms
—
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