11. Electro-optics

By Doug Knight

Basics

Electro-optics combines both optics and electronics in the same device – also known as opto-electronics

EO devices include:

Image intensifiers, thermal imagers, lasers, TV remotes, fibre optics

Science

BLACKBOARD DIAGRAM of the atom

Can strip electrons away from the atom and use them

BLACKBOARD DIAGRAM  of Wave and Frequency

BLACKBOARD DIAGRAM  of Frequency Spectrum

Gamma Rays, X-rays

Ultraviolet to 0.4 microns

Visible – ROYGBIV  -- 0.4 to 0.75 microns

Infrared

Near-infrared (Near IR) - Closest to visible light, near IR has wavelengths that range from .7 to 1.3 microns, or 700-billionths to 1,300-billionths of a meter

 Mid-infrared (Mid IR) - Mid IR has wavelengths ranging from 1.3 to 3 microns. Both Near IR and Mid IR are used by a variety of electronic devices, such as remote controls

Thermal-infrared (Thermal IR) - Occupying the largest part of the infrared spectrum, thermal IR has wavelengths ranging from 3 microns to over 30 microns

Microwaves

Radio and TV 
Seeing at Night

We don’t see that well at night

The pupil does control the light entering the eye – has a fast respons zone 2-5 mm diameter

Pupil can get larger (7 mm) at night than during the day but it takes 15 – 20 minutes for our eyes to adapt to the dark when leaving a house

Some animals are nocturnal – and have larger eyes, but they have trouble with bright daylight

Could get some improvement by using binoculars or a telesope, but there are light losses in the lenses, which limit their effectiveness

There are three main types of night vision devices

Active Infrared

Image Intensification

Thermal Imaging

Image Intensification
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Uses near IR spectrum

Photons (light packets) hitting the detector are electronically amplified – maybe several times

Displayed on a screen – but you think it is real

Limited by the amount of light available in the environment

Could increase the available light by using a searchlight that transmits in the IR – but anything that sees in the IR would detect it

Defeated by fog or smoke like the eye

Can be overloaded by a bright flash

Person using a night vision device is not dark-adapted

Thermal Imaging

Every object above 0°K emits heat
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Normally use far IR spectrum – 10 micron

Sensor detects heat – amplifies it and displays it on a screen

Sees through fog or smoke to some extent – but cannot see through walls or into vehicles

Cannot hide by covering yourself with mud – except momentarily
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If there is no temperature difference it will not work 

Can use some sort of false colour (assign colours to a temperature range) to help us sort out the image

Improve the sensitivity of the sensors by cooling – micro-refrigerator or passing a compressed gas over the sensor 

Used in military and law enforcement, medical scanning for tumors, scanning houses for heat loss

How far away is it – Laser Range Finders

Light Amplification by the Stimulated Emission of Radiation

How a laser Works

· Electrons can have different energy levels or states

· We can raise the energy level of the electrons by energising the atom 

· When an electron falls back from a higher to a lower energy level, it releases a photon (a light bundle)

· The photon will have a specific wavelength that depends on the energy difference between the excited state and the ground state. 

· If the photon encounters another atom that has an electron in the same excited state, it can induce the electron to lose its energy in turn (called stimulated emission) 

· The first photon can stimulate atomic emission such that the photon from the second atom has the same frequency and direction as the first photon

· If we confine the photons in a tube or crystal rod with a mirror at one end and a half –silvered mirror at the other end, photons with a very specific wavelength and phase will reflect off the mirrors and travel back and forth through the crystal

· In the process, they stimulate other electrons to make the downward energy jump and can cause the emission of more photons of the same wavelength and phase. 

· A cascade effect occurs, and soon there are many, many photons of the same wavelength and phase

· The mirror at one end of the laser is "half-silvered", meaning it reflects some light and lets some light through

· The light that makes it through is the laser light

· This does not occur in an ordinary flashlight -- in a flashlight, all of the atoms release their photons randomly. In stimulated emission, photon emission is organised

Laser light has the following properties: 

· The light released is monochromatic. It contains one specific wavelength of light (one specific colour). The wavelength of light is determined by the amount of energy release when the electron drops to a lower orbit. 

· The light released is coherent. The light is “organised” and each photon moves in step with the others. This means that all of the photons have wave fronts that launch in unison. 

· The light is very directional. A laser light has a very tight beam and is very strong and concentrated. A flashlight, on the other hand, releases light in many directions and the light is very weak and diffuse. 

The laser consists of 

· flash tube (like you would have on a camera) 

· ruby rod The ruby rod is the lasing medium and the flash tube pumps it

· two mirrors (one half-silvered)

How a Ruby Laser Works

1. Nothing happening 

[image: image8.png]Partially mimored surface.




2. The flash tube fires and injects light into the ruby rod. The light excites atoms in the ruby. 
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3. Some of these atoms emit photons. 
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4. Some of these photons run in a direction parallel to the ruby's axis, so they bounce back and forth off the mirrors. 
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5. As they pass through the crystal, they stimulate emission in other atoms.
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6. Monochromatic, single-phase, columnated light leaves the ruby through the half-silvered mirror -- laser light! 
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Laser Uses

Rangefinding, target designation

Medical – surgery – can be focussed to destroy something under the skin – can be focussed for very fine cuts

As art – focussed into a block of plastic

Welding and metal cutting

Cutting materials for clothes

Communications devices

How a laser rangefinder Works

Need a telescope to see the target

A laser provides a pulse of collimated light (The optics and the laser must be closely aligned otherwise you may be measuring the distance to the wrong object)

The light hits the target and is reflected back to the LRF

The reflected light is detected

Electronics measure the time between the laser pulse and the arrival of the reflected energy

Computer translates the time into distance

How a smart bomb works

Need a telescope to see the target

A laser provides a continuous beam of collimated light

The light hits the target and is scattered

The bomb has a detector that senses the reflected light 

Control surfaces on the bomb adjust the trajectory so that the bomb is always going toward the highest intensity of the light

Fibre optics

Long thin strands of very pure glass – about as thick as a hair

Arranged in bundles called optical cables

Used to transmit light over long distances

Fibre has:

Core – the glass centre

Cladding – optical material that reflects light back into the core

Buffer coating – the protective coating for damage and moisture

May be bundled into optical cable
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Light bounces its way down the core

Degradation depends on the quality of the glass and the frequency of the light

Used in:

Telecommunications – replacing wire

Medicine – looking into the body

Inspecting plumbing or tight spaces

Electromagnetic Spectrum
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Image Intensification

1st  Generation
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2nd Generation
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Thermal Imaging

Daylight
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At Night
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Through Thermal Imager
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Thermal Imaging – residual heat

People on a couch
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Couch after the people get up
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How a Ruby Laser Works

The principle is the same for other lasing mediums

1. Nothing happening. 
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2. The flash tube fires and injects light into the ruby rod. The light excites atoms in the ruby. The electrons in the atom move to a higher energy state.
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3. Some of these atoms return to their normal energy state andemit photons. 
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4. Some of these photons run in a direction parallel to the ruby's axis, so they bounce back and forth off the mirrors. 

[image: image25.png]



5. As the photons pass through the crystal, they stimulate other atoms to return to the lower energy state and emit photons.
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6. Monochromatic, single-phase, light leaves the ruby through the half-silvered mirror -- laser light! 
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Laser light is: 

· Monochromatic
It contains one specific wavelength of light (one specific colour). The wavelength of light is determined by the amount of energy release when the electron drops to a lower orbit. 

· Coherent
The light is “organised” and each photon moves in step with the others. 

· Very directional
A laser light has a very tight beam and is very strong and concentrated. 

Fibre Optics

Parts of the cable
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How it works
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