
CIRCUITS 
A closed loop of electricity that contains a power 
source and a load. 

Power Source – a battery, solar panel, wall outlet… 

Load – what uses the electricity? LEDs (light emitting 
diodes), fiber optics, el wire, buzzers, speakers, 
motors, fans, heating pads… 

Conductor – a material that permits the flow of 
electricity – wires, conductive thread, copper tape… 



CIRCUIT DIAGRAM 

Battery Resistor LED 
(Light Emitting Diode) 



!  Electricity travels from the point of highest electrical 
potential (power or +) to the lowest (ground or -) 

!  Electricity always follows the path of least resistance. 

!  This can create a short circuit – a closed loop of 
electricity that has a power source but no load. 

!  A short circuit could drain the battery, create heat, melt 
wires, smoke, and damage components. 

!  Insulators do not conduct electricity. They can be used 
to prevent short circuits. (non conductive fabric, thread, 
rubber, plastic…) 



OHM’S LAW 

! Voltage – the difference in electrical energy 
between two points. It is measured in Volts (V). 

! Current – the quantity or amount of electrical 
energy passing a particular point. It is measured in 
amps (A) or miliamps (mA). 

! Resistance – the measure of a material’s ability to 
prevent the flow of electricity. It is measured in 
ohms  

! Voltage (V) is equal to current (I) times resistance 
(R). 

! V = I x R    I = V / R     R = V / I 



! To determine the resistance needed, we need to 
find the difference between the source voltage (Vs) 
of the battery and the forward voltage (Vf) used up 
by the LED. 

! R = (Vs – Vf) / I 
! A CR2032 battery supplies 3V 
! The forward voltage of the LED is in its datasheet. 

Usually a range between 1.8 – 2.2 V so we can use 
2V for the calculations. 

! The current required by the LED is also in its 
datasheet. Usually 20mA. So we use 0.020A for the 
calculations. 

! R = (3V-2V) / 0.020A 
! R = 50  



RESISTORS 
! Restrict the flow of electricity. 
! Resistors come in set values, so there may not 

always be the exact resistor that meets your needs.  
!  In this case use the next largest value. 
! Resistor value is determined by consulting a color 

chart.  



SERIES AND PARALLEL 
!  In a series, components like LEDs and connected in 

a row. Electricity flows through one, into the next, 
and then into the next. This causes the voltage to 
drop after each LED. 

!  In parallel, components are connected side by side, 
each with an independent connection to power and 
ground so they all get the same voltage. 



BATTERIES IN SERIES AND PARALLEL 
! When batteries are connected in series, the voltage 

of the two batteries is added together. When they 
are connected in parallel, the voltage stays the 
same, but their available current is added together.  

! AAA batteries usually supply around 1.5V, by 
placing 2 in series, they would supply 3V and the 
same amount of current as a single AAA battery. In 
parallel, they would supply 1.5 and twice as much 
current. 



POLARITY 
! Some components have polarity which means it 

matters which way the component is connected in 
the context of a circuit. 

!  LED – light emitting diode – a diode only allows 
electricity to pass through it in one direction. If you 
connect an LED backward, electricity will not be 
able to pass through it and it will not light up. 

! Determining polarity 
!  the long leg of the LED is positive (anode).  
!  There is sometimes a flat spot on the negative 

(cathode) side of the LED.  
!  If you look inside the LED the larger metal piece 

attaches to the negative (cathode) side of the LED 
!  Test it! 
!  + positive red        - negative black 



MULTIMETER - CONTINUITY 
! Can be used to measure continuity (whether current 

flows), voltage, resistance and current. 
! Dial to select setting and probes to test. 
! COM = common, ground, or the black probe 
! Continuity is marked with a speaker symbol 

because the meter will beep when the test is 
positive. 

! We can use continuity to check if electricity is 
flowing where we want it to flow, and if electricity is 
flowing where we don’t want it to flow (short circuit) 
We can also check the conductivity of a material.  



MULTIMETER TO MEASURE RESISTANCE 

! Turn the knob to the portion of the dial marked with 
the ohm sign 

! We can check the value of a resistor, monitor the 
changing resistance of a variable resistor, or 
determine the resistance of a conductive material. 

! We need to select a resistance setting that is in the 
range of what we expect the component to be. 



MULTIMETER TO CHECK VOLTAGE AND 
CURRENT 

! Check the state of a battery, determine if 
components are receiving the voltage they need. 

! Turn the dial to the V setting and set it to the correct 
range. 

! Place the probes on either end of what you want to 
measure. 

!  In order to measure current, the meter needs to be 
in series with the circuit.  



BREADBOARDS 


