Lavin text	Radiology Prep – Electrostatics, Diagnostics	
Electrostatics & Energy:
· Matter – The substance that comprises all living objects
· Principle characteristic = mass/weight
· Energy - The ability to do work
· Principle characteristic is movement/motion
· Work – The result of force acting on an object over a distance
· Power – incorporates time into equation
· Same amount of work to lift puppy to certain height (5 mins or 5 seconds)
· More power lifts quicker
· Many types energy – mechanical, chemical, nuclear, electromagnetic, electrical
· Combination of matter & energy is a constant
· They can convert to each other but can’t be destroyed
· [bookmark: _GoBack]Energy:
· Electrical energy – 
· Can be converted:
· Light bulb – electrical to radiant/light
· Hair dryer – electrical to thermal
· Electromagnetic spectrum
· Electromagnetic radiation/energy placed on a continuum based on type of electrical excitation
· Rainbow is a small portion in the middle
· Visible light in the middle
· Ultraviolet – above violet on the spectrum
· Infrared – below red
· Human eye can see very little
· Electromagnetic waves can travel through a vacuum without losing energy
· Vacuum – space entirely devoid of matter
· Semi-vacuum x-ray tube used in radiology
· Particle Wave Theory
· Energy described as a wave – high, low, frequent, infrequent
· Waves:
· Measurable height & frequency
· Wavelength is distance between wave crests
· Shorter wavelength = higher frequency
· Crest – wave highpoint
· Trough – wave low point
· Frequency - Rapidity with which waves hit the shore (symbol is hertz/Hz)
· Period – Time taken to complete one whole wave
· Cycle – One crest & trough
· Amplitude – height of wave from crest to trough
· Sine wave – tracing of waves as they travel
· Have a high and low point with time as a constant
· Important in choosing radiology time settings
· Sound waves – travel invisibly through space
· Energy in Radiology
· Energy is thought of as particles (x-rays or gamma rays)
· Mathematic quantification of amount of energy needed to do work
· Photon particle carries a specific energy that depends on frequency
· Energy & frequency are directly proportional
· Energy doubled = frequency doubled
· Roentgen’s Properties of x-rays – still the original list
· Won Nobel Prize in Physics in 1901 for producing/detecting x-rays
· X-Ray Properties – Very important
· Highly penetrating invisible rays that are a form of electromagnetic radiation
· Electrically neutral – not affected by electric or magnetic fields
· Can be produced over a wide variety of energies & wavelengths
· Release small amount heat as pass through matter
· Travel in straight lines
· Travel at speed of light – 3 X 108 meters/sec in vacuum
· Can ionize matter
· Cause fluorescence (light emission) of certain crystals
· Cannot be focused by a lens
· Affect photographic film
· Use ionization & excitation to produce chemical/biological changes
· Produce secondary & scatter radiation

Magnetism & Electricity
· Electricity becomes x-rays
· Atoms:
· Protons in nucleus positive
· Tightly bound
· Electrons orbiting are negative
· Vulnerable to outside forces
· Charges can be weak
· Bonds can be broken
· Electrons can be cast off
· If not replaced, atom stays positively charged
· Can float freely (free electrons) or join other atoms
· Strives for balance of pos/neg
· Electricity concerns the movement of the electrons
· Electrostatics
· Static electricity/electrostatic charge – Radiant energy
· Charge of free electrons builds up & dissipates when an object that will accept a charge (conductor) is encountered
· Static electricity in hair – 
· Hairs build up excess electrons so are negatively charged & repel each other
· Shocking others – Feet scoop up extra electrons, then discharge and lose them when touches something that conducts
· Cold, dry atmospheres enhance build-up
· Wetting a comb allows electrons to redistribute appropriately
· Radiation works this way on a greater scale
· Electrification – The process of electron charges being added/subtracted from an object
· Laws of electrostatics – Very Important
· Electricity called packets of electron energy
· 5 laws:
· Like charges repel; unlike attract
· Fundamental basis of magnetism
· Principle of an electric circuit
· How an x-ray tube prepares to make an exposure
· Inverse square law  [Flashlight]
· One of the most important concepts in the field of imaging
· Impacts set-up of x-ray unit & technical factors
· The intensity of the x-ray beam is inversely proportional to the square of the distance from the source
· Moving tube closer to subject intensifies the radiation
· And illumination
· ½ distance = radiation X 4
· Distribution – The charges reside on the outside surfaces of conductors but all through nonconductors
· Concentration
· Greatest concentration of charges is on surface where curvature is steepest
· Not as applicable in radiology but  governs voltage from taser or cattle prod
· Movement – Only negative charges move along solid conductors
· Positive charges tightly bound
· Electrification – Object electrified in 3 ways
· Contact – 
· Shocking a friend
· Electrons collect on body surface, giving you negative charge
· Electrons concentrate on point of finger
· Finger close enough – spark discharges into electrical neutral or slightly pos
· Static electricity can build up on an x-ray tray in a very dry atmosphere
· Film records exact amount of discharge
· Friction – Occurs when one object rubs against another
· Electrons travel based on availability of electrons in each object
· Induction – Most important for radiology
· Electrical fields act upon each other without actual contact
· Uses the force fields of the electrons of one object  to cause a reaction in an opposing object
· Principle directly applies to x-ray production
· Also transformers, x-ray tubes, electric motors
· Lightning:
· Clouds build up excess electrons when form thunderheads
· Ground is neutral
· Discharge of electrons from cloud to ground is instant, loud
· Electric current is generated between cloud & ground 
· Conductors & Insulators
· Some objects conduct easily
· Water – no appliances in bath
· Copper – Used in household wiring
· Some don’t conduct
· Rubber, plastic, and glass
· Rubber covering over copper wire

Electric Current:
· Andre-Marie Ampere – described electric current as a quantity of electrons flowing past a pt in time
· Ampere is unit of current
· Milliamperes (mA’s) – 
· Diagnostic imaging uses these to regulate # of electrons to produce x-ray photons
· mA setting determines number of electrons to flow past a given point
· Increasing mA will increase image density or darken
· Decreasing mA will lighten
· Doubling mA’s doubles density
· Resistance – the opposite of current flow
· George Ohm researched resistance & ohm is the unit of resistance
· Potential Difference:
· Causes electrons to travel from one end of the wire to then other
· Empty Garden hose – 
· Little water in hose but lots of potential in faucet
· Faucet turned on to allow flow - potential difference along hose
· One end with none & one end has lots of water coming in
· Potential difference is measurement of empty hose compared to full
· Diameter impacts
· Small hose/wire has lots of resistance
· Larger hose/wire has little
· Voltage
· Alessandro Volta – identified unit of potential difference
· Electromotive force – Force that draws electrons from area of excess to area deficient of electrons in circuit
· Volt - Strength of potential difference or strength of electron flow

Diagnostic X-ray production
· Electrical circuit requires:
· Potential difference (voltage)
· Resistance (ohms)
· Amperage (current)
· Power
· Watt – unit of power
· Named after James Watt
· Colleagues with Ampere, Volta, and Ohm – aware of work
· 1 watt = 1 ampere flowing through a circuit at 1 volt per second
· Current in amperes (I)  X volts (V) = Power (W or watts)
· I X V = W
· Example – Most x-ray units use a maximum of 125 volts & 300 milliamperes of electricity
· W = 0.3 X 125,000 = 37,500 watts or 37.5 kilowatts
· Most generators are rated at a minimum of 30 KW’s
· So should be OK
· Electrical circuit
· Power originates at a power plant & is transmitted with periodic transformer stations that boost power
· The transformer nearest the clinic is most important
· May be an auxiliary just outside clinic
· Closing a switch completes the circle or circuit
· Connection is needed to turn the system on/off
· Breaking the circuit causes the light to go off
· Burnt out light bulb:
· Fine wire the forms the cathode of the lamp burns out in the heat of the electron flow
· Circuit is interrupted and light doesn’t function
· Mouse eats through cord:
· As cord is eaten through – mouse conducts electricity & dies
· On-off switch – On all units, plus
· Wall switch – usually required by law to be at eye level within reach of the generator
· Power can be shut off as alternate means
· Line Voltage Compensator – standard equipment
· Usually automatic on newer units
· Older ones have compensator mounted on control panel
· Means for increasing/decreasing incoming line voltage
· Circuit Breakers
· Power supply to x-ray unit
· Accepts current (amperage) up to its limit/rating
· When hits limit – circuit breaker disconnects & power is interrupted
· Fuse works the same way except a small piece of metal melts to stop flow
· Important factors to circuit:
· Current/amperage
· If too much current is demanded by generator – overload light comes on and no exposure is possible
· Current in generator is milliamperage (mA’s)
· Very important – should never be bypassed
· Ground
· Circuit must be grounded to be safe
· Needs an alternate route for electricity to flow if circuit breaks inappropriately
· Original circuit is directed to a ground wire attached to an object that absorbs electrons
· Flow of electrons stops but excess go to ground wire
· Direct vs alternating current
· Direct – batteries installed in a tube/line (flashlight, car battery)
· Orientation matters
· Requires source situated close to end user
· If energy needed to go large distances – need low current/high voltage (more efficient)
· Alternating current – produces 1 pos and 1 negative pulse (cycle)
· Most efficient way to transmit power = 100 cycles per second
· Requires a transformer to step up power at one end and down at other
· Heinrich Hertz – studied electromagnetism
· Hertz is # cycles per second of oscillations of pos/neg
· 1 Hertz = 1 pos and 1 neg cycle
· Transformers – 
· Receive power from incoming power lines & transform power to x-ray tube
· Use turns of wire around a central core or two close cores
· Increase or decrease voltage in a circuit
· Uses induction to electrify
· 3 transformers in the x-ray circuit:
· Autotransformer
· Increases incoming voltage
· Kilovoltage selector – allows selection of KW’s to produce radiograph
· Central core & taps
· High voltage transformer – very powerful
· Final step-up transformer to boost voltage to x-ray tube
· Raises voltage from incoming 220 to maximum 125,000 volts
· Filament transformer 
· Smaller, step-down transformer
· Produces voltage to the filament of the x-ray tube
· Tube works like light bulb
· Small wire visible in bulb is cathode
· Produces light depending on wattage rating
· Produces electrons in cloud governed by selection factors
· Filament must reach certain temp for exposure to take place
· Filament produces this temp
· Rectifiers
· Changes current flow on negative part of AC cycle to positive so entire flow can travel to x-ray tube to produce radiation
· If only half the current available, only half radiation produced
· X-ray tube can only receive positive charges, since current only can flow one way
· Additional feature added to ensure each exposure starts at beginning of pulse and finished at end – all current can be used
· Three-phase circuits
· Add in 2 more pulses of power offset from 1st pulse to make the dips in power in the waveform less significant
· Requires a lot more power
· Only used in large hospitals needing to image large chests/abdomens
· High frequency
· Uses high-frequency pulses to keep ripple low with continuous output
· More x-rays per exposure reduces overall exposures
· Saves wear & tear on unit & reduces overall dose
· Outside of X-ray unit
· 3 items essential to every unit
· Control panel/generator – sometimes mounted above table
· X-ray tube
· High-tension transformer
· Unit requires dedicated power line
· Large Animal portable x-ray units
· Smaller version – not as powerful
· Less milliamperage
· Usually only needed for legs & feet
· Generator, transformer, and x-ray tube compressed

Diagnostic x-ray production
· All in place:
· X-ray circuit receives incoming power
· Step-up transformers supply power to cathode side of x-ray tube
· Cathode usually has 2 filaments made of thoriated tungsten
· Can withstand high temps without melting
· Electrons are boiled off cathode filament in reaction called thermionic emission
· Cloud of emissions called a space charge
· Whole process is space charge effect
· Has a large & small focal point
· Filament circuit heats cathode to high temp (sometimes 3900 degrees F)
· Which filament is used is determined by mA setting
· Filaments positioned in cup-shaped focusing cup so aimed directly at anode
· Focusing cups slightly negatively charged to focus electrons boiled off cathode filaments
· Beveled edges also help focus
· Focal spot of anode is where x-rays are produced & where most heat must be dissipated
· X-ray tube receives power, produces electrons, and converts them to x-rays
· Produces extreme heat
· Differences in tubes have to do with cooling systems
· Ratio of heat to x-rays is 99-1
· Method of heat transfer enhances tube longevity & reliability
· Tube consists of glass enclosure that houses specialized anode & cathode
· Glass enclosure is heat-resistant (sometimes Pyrex)
· Standard tube is 30 cm long & about 20 cm diameter
·  Anode
· 2 types:
· Rotating – small animal units
· Stationary – large animal units
· Usually made of tungsten or an alloy – high atomic number so can absorb electrons/heat
· Target of the tube is mounted in rotating anode – prepared to accept electrons
· Functions:
· Mechanically supports electron target
· Serves as thermal dissipater by directing heat emitted in x-ray production
· Rotates so photons aren’t always focused in same spot
· Electrical conductor – receives electrons & transmits them back
· Rotor circuit
· Activated when the filament transformer starts to heat the cathode
· Rotor turns the rotating anode
· Contains stainless steel ball bearings to withstand high temperatures
· Bearings can distort as x-ray tube ages
· Increases noise since move rapidly when rotor is turning
· If bearings seize, rotor doesn’t turn, and the heat stays fixed on focal spot
· Anode overheats & cracks, safety interlocks kick in
· Stationary anode
· Used in equine portable units
· Needs a way of dissipating heat, absorbing photons, and converting to x-rays
· Anode made of copper w/a tungsten insert
· End is angled to direct the beam to the patient
· Does not rotate so must watch warning/ready lights
· The Line Focus Principle
· Ensures the x-rays are directed onto object being radiographed
· Describes how the electrons interact with the anode & change direction so x-rays are directed towards patient
· Line focus principle – Determines the width of the beam & resolution
· Involves the angle of the bevel on outer edge of anode & resulting change in direction of x-rays
· Angle < 15 degrees from vertical = beam narrow with high resolution
· Angle > 15 degrees = beam wider, less heat focused, decreased bloom effect
· Typical angle is 11 degrees
· Off-focus radiation
· Exposure switch is closed = electromagnetic function of circuit takes effect
· Cloud of negatively charged particles drawn across to positively charged anode
· Electrons interact with target + areas of anode adjacent to target
· Electrons can bounce off the target, then be attracted back beyond the focal point
· Collar of lead around tube normally prevents extra-focal radiation
· Can appear as artifact
· Heat Bloom
· Target exposed to radiation = anode can heat to 1000-2000 degrees
· Heat bloom - Repeated exposures can cause heat dissipation & enlargement of focal spot
· Usually not enough exposures in vet clinic to happen
· Tube rating chart
· Indicates the x-ray tube limits based on the heat units equation
· mA X kV X time
· Determines suitability for size of animals clinic radiographs
· Focal spot bloom
· Affects the sharpness of the image
· Can happen with old tube
· Anode bombarded with radiation gets hot
· Heat dissipates into surrounding metal with time
· If tube not allowed to cool, outer edges of focal spot become hot enough to expand spot
· Causes image to lose sharpness, reducing resolution
· Increased focal spot size causes unsharpness 
· Anode heel effect
· Bevel of the anode limits the amount of x-rays produced on stem side of anode
· Intensity of radiation is greater on cathode side
· Important when pt is thicker at one end than the other
· Thicker end should go at cathode side
· Head end to right, foot to the left
· Exposure switch
· Unit that sets the sequence of events in motion to produce the x-ray exposure
· Usually 2-stage
· Wait for the ready signal (especially in mobile units)
· Prolongs lie of unit
· 1st activates the rotor & boosts the filament and transformers
· Rotor noise should be evident
· If rotor doesn’t activate, don’t expose since tube can be damaged
· Exposure could be directed to very small focal point
· Will eventually melt the anode
· If hear boiling liquid – stop
· X-ray tube likely shorted out and filament circuit is overeating the cooling oil in the x-ray tube housing
· Tube cold explode if exposure is attempted
· 2nd activates the exposure through the x-ray tube
· Be familiar with noises
· “Dead man” safety factor - Test at least annually to make sure disconnects when pedal released
· Legal requirement to make sure x-ray beam terminates
· Exposure switch variations
· Single-stage – wired so rotor begins when generator turned on
· Not ideal, should be activated only when exposure is about to be made
· Single-stage foot switch – initiates rotor when depressed
· Safety delay until unit picks up speed
· Lessens flexibility in positioning fractious animal
· Hand switch – most human units
· Usually behind wall
· Replace with foot for veterinary



14

