P3 Physics – Medical applications of physics


P3.1 Medical applications of physics - Light
Physics has many applications in the field of medicine. These include the uses of X-rays and ultrasound for scanning, and of light for image formation with lenses and endoscopes

Candidates should use their skills, knowledge and understanding to:

■ draw and interpret ray diagrams in order to determine the nature of the image

■ evaluate the use of different lenses for the correction of defects of vision

P3.1.3 Lenses

a) Refraction is the change of direction of light as it passes from one medium to another.

b) A lens forms an image by refracting light.

c) In a convex or converging lens, parallel rays of light are brought to a focus at the principal focus.

The distance from the lens to the principal focus is called the focal length.

Refractive index 
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d) The nature of an image is defined by its size relative to the object, whether it is upright or inverted relative to the object and whether it is real or virtual.

e) The nature of the image produced by a converging lens for an object placed at different distances from the lens.

f) The use of a converging lens as a magnifying glass.

g) The nature of the image produced by a concave or diverging lens.

h) The construction of ray diagrams to show the formation of images by converging and

diverging lenses.
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i) The magnification produced by a lens is calculated using the equation:

Refraction
You should remember covering refraction in P1 Physics (look through your P1 booklet on waves for s reminder.  Complete the sentences below for a quick recap.
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Refraction is when waves ___________________ as they enter a different medium.  This is caused by the change in density from one medium to the other – which ___________________ of the waves.
When waves slow down they bend ____________ the normal

When light enter glass or plastic it slows down – to about 2/3 of its speed in _________

If a wave hits a boundary at 90o (i.e. along the normal) it will ______________ – but it’ll still slow down.
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When light hits a different medium (e.g. plastic or glass) some of the light will pass through the new medium but some will be reflected – it all depends on the angle of incidence (the angle it hits the medium).
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Every Transparent Material has a refractive index
Refractive index of a medium is the ratio of the speed of light in a vacuum to speed of light in that medium.

The angle of incidence, i, angle of refraction, r and refractive index, n, are all linked.
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Rearrange the equation for sin i and sin r
Worked examples

1. Jacob does an experiment to find out the refractive index of his strawberry flavour jelly.  He finds that when the angle of incidence for a light beam travelling into his jelly is 42o, the angle of refraction is 35o. What is the refractive index of this particular type of jelly?
2. A beam of light travels from air into water (refractive index n = 1.33).  The angle of incidence is 23o.  Calculate the angle of refraction to the nearest degree.

The Converging (convex) lens
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Convex lenses converge light to a focus.  Image is real or virtual. Power is positive.

What is it like to look through?

1. Close to object - it magnifies. 

2. Far from eye - image upside down.

Uses of converging (convex) lenses

Eye

camera 

overhead projector 
focus sunlight

projector 

microscope 
simple telescope 
glasses (correct for long sight)
magnifying glass

The diverging (concave) lens 
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Concave lenses diverge or spread out the light. There is no real focus. Image is always virtual. Power is negative (see power formula later)
What is it like to look through?

The image that you see is always the right way up and smaller.

Uses of diverging (concave) lenses

· glasses (correct for short sight)
 

· spy holes in doors

· some telescopes 




· back window of coaches

Images formed by Lenses

The position and nature of the image formed by a lens depends on:

· the focal length of the lens, and

· the distance from the object to the lens.

If we know the focal length and the object distance, we can find the position and nature of the image by drawing a ray diagram.

Finding the image made by a lens by a scale diagram

The image can be found by a diagram as shown below.

The object and focal length are drawn to scale and then three rays are drawn from the object:

(a)
the axis;

(b) a ray from the top of the object parallel to the axis (A);

(c)
a ray from the top of the object passing through the centre of the lens (B).

Two examples of this are shown below.
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After passing through the lens ray A will go through the principal focus (F).[image: image24.jpg]



Formation of a virtual image by a converging lens – magnifying glasses

[image: image2]
The object being magnified must be closer to the lens than the _________________

The image is a ____________________ , so the light rays don’t actually come from the place where the image appears to be.

Magnification Formula
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Worked Example

A coin with diameter 14mm is placed a certain distance behind a magnifying lens.  The virtual image produced has a diameter of 35mm.  What is the magnification of the lens at this distance?

A diverging lens always produces a virtual image
Formation of a virtual image by a diverging lens








P3.1.4 The eye
a) The structure of the eye.

■ retina

■ lens

■ cornea

■ pupil / iris

■ ciliary muscle

■ suspensory ligaments.
b) Correction of vision using convex and concave lenses to produce an image on the retina:

· long sight, caused by the eyeball being too short, or the eye lens being unable to focus

· short sight, caused by the eyeball being too long, or the eye lens being unable to focus.
c) Range of vision. The eye can focus on objects between the near point and the far point.
d) Comparison between the structure of the eye and the camera.
e) The power of a lens is given by:
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f) The focal length of a lens is determined by:
■ the refractive index of the material from which the lens is made, and

■ the curvature of the two surfaces of the lens.

g) For a given focal length, the greater the refractive index, the flatter the lens. This means

that the lens can be manufactured thinner.

The Structure of the eye
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The main parts of the eye and their function

	Part
	Description
	Function


	Cornea
	
	

	Iris
	
	

	Lens
	
	

	Retina 
	
	

	Optic nerve
	
	

	Ciliary muscle

	
	


Range of vision
The eye can focus on objects between the near and far points
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furthest distance    infinity 
closest distance       25cm       increases  
decreases
The far point is the __________________ that the eye can focus comfortably.  For normal-sighted people, that’s   ____________________
The near point is the  _____________________ that the eye can focus on.  For adult, the near point is approximately _______
As the eye focuses on closer objects, its power ____________________  the lens changes shape and the focal length ________________.  But the distance between the lens and the image stays the same.
The camera   


The picture shows a modern camera. It is very much better for taking pictures than a pinhole camera because it takes in much more light through the lens than could pass through a pinhole and so the exposure times can be much shorter. Also the amount of light getting into the camera can be controlled, as can the focusing.

The essential parts of the camera are:

(a)
a lens - this focuses the light onto the film;

(b)
the film or on digital cameras the CCD (charge-coupled device) - the image is produced here;

(c)
the diaphragm - this controls the amount of light that enters the camera;

(d)
the shutter - this controls the length of time that light falls on the film.

The diaphragm opens and closes; in dull conditions it is open to allow as much light as possible to enter the camera, and in bright conditions it is nearly closed. Both the diaphragm and lens are fixed to rings so that they can be adjusted. On a good camera the diaphragm will be marked with numbers from 2.8 to 22. A setting of 2.8 means a large aperture (dull conditions) and one of 22 means a small aperture (light conditions).

There is also a shutter speed control which allows the shutter to be open for a range of times between 1 second and 0.001 seconds. If the object that you are photographing is moving fast you will need a fast shutter speed (0.001 s) or else the image will be blurred. A shutter speed of say 1/250 s means that light will only be falling on the film for 1/250 s.

The next diagram shows a simple cross section of a camera and also a simple ray diagram.  Describe the image formed. ________________________________________________________________________________________________________________________________________________________________________

For objects close to the camera, the lens should be further from the film. Many simple cameras are made without focusing adjustments and cannot be used for taking pictures of objects closer than about 1.5 m.

A video camera behaves much more like your eyes. It automatically adjusts to the light level and there is no film on which to permanently store the image – the picture being formed on a small screen in the camera and finally on video tape or disc. 

Digital cameras store the image as a set of numbers which can be fed into your computer so that you can edit your pictures via your keyboard and monitor screen.

The photograph is of the window in Lacock Abbey, Wiltshire, England where William Fox-Talbot took one of the first photographs on paper in 1835. 

The negative of his photograph is the earliest surviving example of a photographic negative.

Comparison of the eye and the camera
	
	The eye


	The camera

	Type of lens


	
	

	Focusing adjustment


	
	

	Image


	
	

	Image detection


	
	

	Brightness control


	
	


Correcting Vision – Short Sight & Long Sight
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Short sighted people can’t focus on ___________________    their far point is closer than infinity.

Short sight is caused by the eyeball being to long, or by the cornea and lens system being too powerful – this means the eye lens can’t produce a focused image on the retina where it is supposed to.

Long-sighted people can’t focus on ___________________    – their near point is further away than normal (25cm or more).

Long sight is caused by the eyeball being to long, or when the cornea and lens are too weak.
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Are there other alternatives to wearing glasses?  Do some research and include some examples in the space below.
Lens Power

Focal length is related to the power of the lens
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      The unit of power is the dioptre (D)

We can write this word equation in symbols as follows:

Lens power              
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Where:

P = lens power in _____________________    f = focal length in _____________________

The type of lens is indicated by:

A positive value for the power of a converging lens (e.g. + 5.0D for a converging lens of focal length 0.20m)

A negative value for a diverging lens (e.g. -4.0D for a diverging lens of focal length 0.25m)

Example - What is the power of a converging lens of focal length 0.05m?

The focal length of a lens is determined by two factors: 

a)   __________________________________________________________________
b) ___________________________________________________________________
To make a more powerful lens from a certain material like glass, you just have to make it with more ___________________________.

For a given focal length, the greater the refractive index of the material used to make the lens, the __________________ the lens will be.  This means powerful lenses can be made thinner by using materials with _________________________________________.
P3.1.5 Other applications using light

a) Total internal reflection and critical angle.

[image: image11.wmf]c

 

sin

1

index

 

refractive

=


b) Visible light can be sent along optical fibres.

c) The laser as an energy source for cutting, cauterising and burning.

Total internal reflection 
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Total internal reflection occurs when: 
1. Light is incident on a boundary between optically more to less dense substance (for example glass to air).

2. The angle of incidence is greater than the critical angle, c for the interface.

The critical angle is the angle of incidence in the denser medium that results in an angle of refraction of 90º
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where:

n is the refractive index of the denser medium (glass in the example opposite).

c is the critical angle.
Worked Example
Calculate the critical angle for glass of refractive index 1.59.

Solution


Using total internal reflection -  Optical fibres
Optical fibre consists of two concentric layers of different types of glass, core and cladding.

Light entering the inner core always strikes the boundary of the two glasses at an angle that is greater than the critical angle.
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What is an endoscope and how can it be used by a doctor?
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To correct long sight a ________________  lens (with a positive power) can be put in front of the eye.  The light is refracted and starts to converge before it enters the eye, and the image can be focused on the retina where it belongs.





Images of near objects are brought into focus behind the retina.





Correct short sight with a ___________________ (negative power) in front of the eye.  This diverges light before it enters the eye, which means the lens can focus it on the retina.





Images of distant objects are brought into focus in front of the retina instead.
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