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Xrays
· X-rays are part of the electromagnetic spectrum, they have a very short wavelength and cause ionisation (change DNA  and cause cancer)
Properties
· They affect photographic film in the same way as light
· They are absorbed by metal and bone
· They are transmitted by soft tissue
· Their wavelength is about the length of an atom 
X-rays can be used to diagnose and treat medical conditions:
· Bone fractures
· Dental problems 
· Killing cancer cells
· Computerised Tomography (CT) Scans:
· X-rays give only one view of the object and some parts potentially mask others
· CT scans give a 3D image using X-rays taken from different positions/angles
· Charge coupled devices (CCDs) allow images to be formed electronically
Precuations
· Wear lead aprons
· Stand behind lead screens
· Exposure kept to a minimum – radiographers wear badges to monitor and regulate exposure.

Ultrasound
· Electronic systems can be used to produce ultrasound waves
· Ultrasound waves have a frequency higher than the upper hearing limit of humans (20-20,000Hz)
Properties
· Deflected at the boundary between 2 different media
· The time taken for the reflections to reach the detector can be used to determine how far away the boundary is  
The distance travelled by an ultrasound wave can be found by using this equation:
S (distance in m) =  t (time, seconds)  x  v (speed in m/s)
· Remember, if you’re only finding the distance from the surface to a boundary, divide by 2 as it travels there and back.
Ultrasound waves can be used in medicine:
· Pre-natal scanning 
· Removing kidney stones 
They can also be used to measure thicknesses of materials in industry. 




X-ray vs CT vs Ultrasound
	X-ray
	CT
	Ultrasound

	· Ionising – can cause cancer.
	· Uses more x-ray radiation – more ionising .
	· Non-ionising


	· Clear images, but only of bones and metal
	· 3D, detailed,  could be used for planning surgery
	· Fuzzy images



[image: ]
Lenses
· Refraction is the change in direction of light as It passes through one medium to another 
· A lens forms an image by refracting light 
· In a convex or converging lens, parallel rays are brought to a focus at the principal focus.
· The distance from the lens to the principal focus is the focal length. 
Refractive index = sin i / sin r
· An image is virtual if it is on the same size as the object
· An image is real if the image is a different side to the object
· An image can also be described as upright, inverted, magnified or diminished.
Converging (convex) lenses:
[image: ]
· [image: ]Remember arrowheads!




Converging lenses as magnifying glasses
· The image must be between the lens and its principal focus. 




[image: ]Diverging (concave) lenses 


· Diverging lenses produce virtual, upright, diminished images closer to the lens than the object.


Magnification
Image height
Object height
The eye
	Cornea
	Focuses light as it enters eye

	Iris
	Controls how much light enters pupil

	Pupil
	Allows light to pass through as it enters eye

	Lens
	Refracts light to focus it onto the retina. The amount of refraction can be altered by changing the thickness and curvature of the lens. 

	Ciliary muscles
	Adjust to make the shape of the lens more or less curved, so light can be focused at varying distances. 

	Suspensory ligaments
	Slacken or stretch as the ciliary muscles contract or relax, to adjust the thickness and curvature of the lens.

	Retina
	Contains light receptors which cause electrical impulses to be sent to the brain when light is detected.



Long sight:
· [image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/bieyestructure.gif]Caused by a too short eyeball, or inability to focus.
· Corrected by converging lens
Short sight
· Cause by a too long eyeball, or inability to focus.
· Corrected by a diverging lens. 

The distance between the near point and far point is the ‘range of vision’:
· The near point for humans is 25cm
· The far point for humans is infinity
Eyes and cameras
	Camera part
	Eye part

	Lens – focuses light onto the CCD or film
	Lens – focuses light onto retina

	Focusing screw – allows the user to adjust the focus to near or far objects
	Ciliary muscles – which stretch or slacken the suspensory ligaments to adjust the lens

	Aperture -  allows user to change the amount of light entering the camera
	Iris – adjusts amount of light entering the eye through the pupil

	Photosensitive surface (CCD or film) – detects and records the light focused on it
	Retina – detects light and converts it into electrical impulses which are sent to the brain


[image: ]The power of a lens is given by:
P (power in dioptres, D) = 1 / f (focal length in metres, m) 
· Converging lens has a positive power
· Diverging lens has a negative power
The focal length is determined by:
· The curvature of the 2 surfaces of the lens 
· The refractive index of the lens material 

· The greater the refractive index, the flatter the lens.
· This means lenses can be manufactured thinner.
Other applications of light
Lasers
· Can be used as an energy source for cutting, burning and cauterising.
· After surgery, lasers are used to destroy damaged tissue or stop bleeding – this is cauterising. 
· They can be used in eye surgery to repair damaged retinas and correct vision defects.
Optical fibres
· Optical fibres carry visible light over long distances 
· They bounce waves off the sides of the inner core of glass or plastic.
· Endoscopes have 2 bunches of optical fibres. 
· 1 bunch carries light to the area, one carries an image back. 
· Endoscoping is good as it means surgeons only have to cut small holes in operations.
Total internal reflection
· Can only occur when a wave travels through a dense substance towards a less dense substance.
· [image: http://www.schoolphysics.co.uk/age11-14/Light/text/Total_internal_reflection/images/3.png]Beyond a certain angle, called the critical angle, no refraction occurs only reflection, this is called total internal reflection.
· If the angle of incidence is less than the critical angle, most passes through and only some is internally reflected.
· If the angle of incidence is the same as the critical angle, the emerging ray comes out along the surface, so more total internal reflection.
· If the angle of incidence is more than the critical angle. Total internal reflection.

Refractive index = 1 / sin c (critical angle)



Centre of mass
· The part of an object where the mass of an object is thought to be concentrated
· If freely suspended, an object will come to rest with its centre of mass directly under the point of suspension
· The centre of mass of a symmetrical object is along its axis of symmetry 
For a simple pendulum:
T (time in seconds) = 1 / F (frequency in hertz/Hz)
· The longer the pendulum, the longer the time period
· Examples of places where pendulums are used are simple fairground and playground rides. 
· An object with a low centre of mass is less likely to topple than one with a high centre of mass
How to find the centre of mass:
1. Make small hole in object
2. Suspend it from this point so it can swing freely
3. Hang plumb line from same point and allow it to stop moving
4. Mark vertical shown by plumb line
5. Make another hole in a different part of the object and repeat
6. Repeat this again
7. The centre of mass is the point at which all lines cross
Moments
· The turning effect of an object is called a moment 
The size of a moment is given by the equation:
M (moment in Nm) = F (force, N) x d (distance from L.O.A to pivot, m)
· If an object is not turning, the clockwise moment must be exactly balanced by the anticlockwise moment about any pivot.
· If the line of action of the weight lies outside the base of the object there will be a resultant force and the body will topple.
· Objects with a wide base are more stable than those with a narrow base
Simple levers
· Force multipliers move the distance the force Is applied further from the pivot
· Examples include, wheelbarrows, scissors and long sticks or bars. 

Hydraulics
· Liquids are virtually incompressible , the pressure in a liquid is transmitted equally in all directions. 
· The force exerted at one point in the liquid will be transmitted to other points in the fluid.
· Hydraulic systems are used in car braking systems, car jacks e.t.c.
Force multipliers
· The pressure at a small cross-sectional area and large cross-sectional area is the same because pressure is transmitted equally through a liquid
· But because one piston has a larger area, the force = pressure x area means that there will be a greater force. 
Pressure (pascals, Pa) = F (force, N)  / A (cross sectional area, m^2)
Circular motion
· When an object moves in a circle is continuously accelerates towards the centre of the circle.
· If an object is moving in a circle it’s constantly changing direction.
· This means its velocity is constantly changing – not its speed.
· The resultant force causing this acceleration is the centripetal force, and it’s always directed towards the centre of the circle.
The forces providing centripetal force could be:
· Tension
· Gravity
· Friction
The centripetal force needed to make an object perform circular motion increases as:
· Mass of the object increases
· Speed of the object increases
· Radius of the circle decreases
The motor effect
· When a current flows through a wire, a magnetic field is produced around the wire.
· Electromagnets can be used when cranes lift iron or steel
· Split ring commutators swap contacts every half turn to make sure the motor rotates in the same direction
The size of the force can be increased by:
· Increasing the strength of the magnetic field
· Increasing the size of the current
[image: http://www.magnet.fsu.edu/education/tutorials/java/handrules/images/left-hand-rule.jpg]
· The conductor will not experience a force if it is parallel to the magnetic field
· The direction of the force is reversed if the direction of current or the direction of the magnetic field is reversed. 
Fleming’s left hand rule
· Use this when determining the movement of an object
· Magnetic field = N  S
· Direction of current = +  -

Transformers
· If an electrical conductor ‘cuts’ through a magnetic field a potential difference is induced across the ends of the conductor
·  If a magnet is moved into a coil of wire a potential difference is induced across the ends of the coil.
· An alternating current in the primary coil produces a changing magnetic field in the iron core and hence in the secondary coil. 
· This induces an alternating potential difference across the ends of the secondary coil.
Step up transformers:
· In a step up transformer, the potential difference in the primary coil is less than that in the secondary coil.
Step down transformers
· In a step down transformer, the potential difference in the secondary coil is less than that in the primary coil.
The potential difference across the primary and secondary coils of a transformer are related by the equation:
 
If transformers are assumed to be 100% efficient, the electrical power output would equal the electrical power input. 
Switch mode transformers
· Switch mode transformers operate at a high frequency, often between 50 kHz and 200 kHz.
· Switch mode transformers are much lighter and smaller than traditional transformers working from a 50 Hz mains supply
· This makes them good phone chargers
· Switch mode transformers use very little power when they are switched on but no load is applied
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