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Ohm's law states that the current through a conductor between two points is directly proportional to the potential difference or voltage across the two points, and inversely proportional to the resistance between them. 

The mathematical equation that describes this relationship is: 

[image: image1.png]



where I is the current through the resistance in units of amperes, V is the potential difference measured across the resistance in units of volts, and R is the resistance of the conductor in units of ohms. More specifically, Ohm's law states that the R in this relation is constant, independent of the current. 

The law was named after the German physicist Georg Ohm, who, in a treatise published in 1827, described measurements of applied voltage and current through simple electrical circuits containing various lengths of wire. He presented a slightly more complex equation than the one above (see History section below) to explain his experimental results. The above equation is the modern form of Ohm's law.

In physics, the term Ohm's law is also used to refer to various generalizations of the law originally formulated by Ohm. The simplest example of this is:

[image: image2.png]



where J is the current density at a given location in a resistive material, E is the electric field at that location, and σ is a material dependent parameter called the conductivity. This reformulation of Ohm's law is due to Gustav Kirchhoff. 
[image: image3.png]Ohm's Law
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A resistor is a two-terminal electronic component that produces a voltage across its terminals that is proportional to the electric current through it in accordance with Ohm's law:

V = IR
Resistors are elements of electrical networks and electronic circuits and are ubiquitous in most electronic equipment. Practical resistors can be made of various compounds and films, as well as resistance wire (wire made of a high-resistivity alloy, such as nickel-chrome).

The primary characteristics of a resistor are the resistance, the tolerance, the maximum working voltage and the power rating. Other characteristics include temperature coefficient, noise, and inductance. Less well-known is critical resistance, the value below which power dissipation limits the maximum permitted current, and above which the limit is applied voltage. Critical resistance is determined by the design, materials and dimensions of the resistor.

Resistors can be integrated into hybrid and printed circuits, as well as integrated circuits. Size, and position of leads (or terminals), are relevant to equipment designers; resistors must be physically large enough not to overheat when dissipating their power.
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Resistors in Parallel

Resistors in a parallel configuration each have the same potential difference (voltage). To find their total equivalent resistance (Req):




[image: image6.png]



The parallel property can be represented in equations by two vertical lines "||" (as in geometry) to simplify equations. For two resistors,

[image: image7.png]Listir)
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Resistors in Series
The current through resistors in series stays the same, but the voltage across each resistor can be different. The sum of the potential differences (voltage) is equal to the total voltage. To find their total resistance:




[image: image9.png]
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Capacitors in parallel




Capacitors in a parallel configuration each have the same applied voltage. Their capacitances add up. Charge is apportioned among them by size. Using the schematic diagram to visualize parallel plates, it is apparent that each capacitor contributes to the total surface area.
[image: image11.png]



Capacitors in series




Connected in series, the schematic diagram reveals that the separation distance, not the plate area, adds up. The capacitors each store instantaneous charge build-up equal to that of every other capacitor in the series. The total voltage difference from end to end is apportioned to each capacitor according to the inverse of its capacitance. The entire series acts as a capacitor smaller than any of its components.
[image: image13.png]



Capacitors are combined in series to achieve a higher working voltage, for example for smoothing a high voltage power supply. The voltage ratings, which are based on plate separation, add up. In such an application, several series connections may in turn be connected in parallel, forming a matrix. The goal is to maximize the energy storage utility of each capacitor without overloading it.
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A light-emitting diode (LED) is a semiconductor light source. LEDs are used as indicator lamps in many devices, and are increasingly used for lighting. Introduced as a practical electronic component in 1962, early LEDs emitted low-intensity red light, but modern versions are available across the visible, ultraviolet and infrared wavelengths, with very high brightness.

When a light-emitting diode is forward biased (switched on), electrons are able to recombine with holes within the device, releasing energy in the form of photons. This effect is called electroluminescence and the color of the light (corresponding to the energy of the photon) is determined by the energy gap of the semiconductor. An LED is often small in area (less than 1 mm2), and integrated optical components may be used to shape its radiation pattern. LEDs present many advantages over incandescent light sources including lower energy consumption, longer lifetime, improved robustness, smaller size, faster switching, and greater durability and reliability. LEDs powerful enough for room lighting are relatively expensive and require more precise current and heat management than compact fluorescent lamp sources of comparable output.

Light-emitting diodes are used in applications as diverse as replacements for aviation lighting, automotive lighting (particularly brake lamps, turn signals and indicators) as well as in traffic signals. The compact size, the possibility of narrow bandwidth, switching speed, and extreme reliability of LEDs has allowed new text and video displays and sensors to be developed, while their high switching rates are also useful in advanced communications technology. Infrared LEDs are also used in the remote control units of many commercial products including televisions, DVD players, and other domestic appliances.
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Calculating an LED resistor value

[image: image21.png]


An LED must have a resistor connected in series to limit the current through the LED, otherwise it will burn out almost instantly. 

The resistor value, R is given by: 

	 R = (VS - VL) / I 


VS = supply voltage 
VL = LED voltage (usually 2V, but 4V for blue and white LEDs) 
I = LED current (e.g. 10mA = 0.01A, or 20mA = 0.02A) 
Make sure the LED current you choose is less than the maximum permitted and convert the current to amps (A) so the calculation will give the resistor value in ohms ([image: image15.png]


). 
To convert mA to A divide the current in mA by 1000 because 1mA = 0.001A. 

If the calculated value is not available choose the nearest standard resistor value which is greater, so that the current will be a little less than you chose. In fact you may wish to choose a greater resistor value to reduce the current (to increase battery life for example) but this will make the LED less bright. 

For example

If the supply voltage VS = 9V, and you have a red LED (VL = 2V), requiring a current I = 20mA = 0.020A, 
R = (9V - 2V) / 0.02A = 350[image: image16.png]


, so choose 390[image: image17.png]


 (the nearest standard value which is greater). 

Working out the LED resistor formula using Ohm's law

Ohm's law says that the resistance of the resistor, R = V/I, where: 
  V = voltage across the resistor (= VS - VL in this case) 
  I = the current through the resistor 

So   R = (VS - VL) / I 
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NPN transistor basics

• To start the flow of current from collector to emitter, apply a relatively positive voltage to the base.

• In the schematic symbol, the arrow points from base to emitter and shows the direction of positive current.

• The base must be at least 0.6 volts “more positive” than the emitter, to start the flow.

• The collector must be “more positive” than the emitter.

[image: image18.png]



PNP transistor basics

• To start the flow of current from emitter to collector, apply a relatively negative voltage to the base.

• In the schematic symbol, the arrow points from emitter to base and shows the direction of positive current.

• The base must be at least 0.6 volts “more negative” than the emitter, to start the flow.

• The emitter must be “more positive” than the collector.
[image: image19.png]
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