@ EDUCATIONAL
MEDIA

Enlightening Minds

Shedding Light on Lenses

Teacherso Notes
Shedding Light on Lenseg56 minutes)s the fifth video in thgghenomenabhedding Light series of videos.
Conveniently broken up intaine sections, Science teacher Spiro Liatses fantastic visuals andimations to
explain how convex and concave lengesduce images in a wide variety of situatioifier a quick recap on
refraction, Spirdllustrateshow magnifying glassesork andhow projectors produce giant images on g@néma
screens. He thdooks into, quite literallya t una f shemhdwvsur eygsavorkAfier explaininghow
concave lensgzroduce imagehediscussesiow spectaclebelp people who have vision defectge first bonus
feature takes a fun look at slow motion, fastiootind stop motion, and the second bonus feature, aimed at more
advanced students, covers the mathematics of lenses and image forfietiprogram comes with fantastic
activity sheet which will help students to learn the content and to develop nels skillrawing ray diagrams.

1 Part A: An Introduction to Lenses
A brief recap of refraction and an introduction to convex and concave lenses.
{ Part B: Convex Lenses
Convex lenses focus light rays inwards. They can be used to start a fire and aresosediéa projector
headlights.
1 Part C: Images Produced by Convex Lenses (when the object is close to the lens)
Magnifying glasses, ray diagrams and referencedrays
1 Part D: Images Produced by Convex Lenses (when the object is further than the focal lengththe

lens)
Slide projectors, film projectors and electronic DLP projectors are the contexts in which the concept of a
Aireal i maged is demonstrated to students.

1 PartE: Eyes
The main focus of this section, pardon the pun, is how the lens and poodeae an image on the retina,
but the role of the other parts of the eye is also explored

1 Part F: Concave Lenses
Concave lenses produce diminished images. We show students why

1 Part G: Correcting Vision Defects
Short sightedness, long sightedness, ggascontact lenses, laser eye surgery

1 BONUS FEATURE 1: Slow Motion, Fast Motion, Chick Flicks and Hobbitses
How is slow motion and fast motion achieved? What is stop motion? Why are movies sometimes called
Aflickso?

1 BONUS FEATURE 2: The Mathematics of Lexses and Image Formation.
Aimed at more advanced students, we show students how to use mathematics to calculate the position,
magnification, size and orientation of an image in any circumstance.
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The notes below are more or less the same as the script tbe video. The still images are screen grabs from
the video.The student worksheets are available fromvww.liacoseducationalmedia.com

PART A: An Intro duction to Lenses
LenseslLenses are everywher@ameras, projectors, glasses (or spectacleg
magnifyingglasses, and most importantly our egéésely on lenses to do
what they do.

Lenses come in two types: amx and concaveand they rely on refraction to
change the direction that a light beantrévelling in. Refraction, if you recall
from the Shedding Light on Refraction program, is the changing of a light

Convex Lens beambs direction when it passes fissaom o
; i piece of transparent material thetsbeen shapeith a specific way to either focus
light rays inwards or to refract light rays outwards so that they diverge.
Lenses can produce images which are smaller than the objetges which are
Concave Lens enlarged.
And they can produce images which you can see on a screen. ®aduilydo
lensesvork?We | | , | et 60s take a closer | ook at

I~ lenses.

Part B: CONVEX LENSES

A convex lens is made of glass or some other transparent ahatkitch is thickein the middle than it is at its

edge.

A magnifying glass is a convex lens as are the lenses inside ou

eyes.

When parallel light rays hit a convex lens, they refract inwards

towards a focus. The distance of theus, or thdocal point, to the

lens is called the focal length of the lens.

| todfst en gi v e n Theloeal lengtivaties depefding .

on the curvature of the len&.thinner, less rounded lens has a

longer focal length @ a fatter, more rounded lens.

All lenseshavetwo focal points, one oraeh side, sincBght can

pass througtensesfrom both sides.
1 Thecountlesdrillions of light rays coming from the siare all spreading out,

but the tiny tinyfraction of the light rays that hit the Earth are all travelling

more of less parallel to each other, since the Earth is relatively small and orbits

about 150 million kilometres from the sun.

A convex lens can be used to focus the light rays comingtfieraun to a

single point, which gets really really hot.

The focal length of this lens 8) cm. Within about 20 seconds tltense heat

ignited the paper
If a light source is placed at the focal point of a lens, the lightsjaesading oufrom it hit
the lens and converge inwards, so that they exit the lens parallel to each other.
Someheadlighs, called projector headlightasea lens to help focus the light rays comin ]
from the lamp into a tight beam.

In a somewhat complicated systehe tampis placed
between an elliptical mirror and a lens. The light “Projector” headlight
reflects off the carefully shaped mirravtards the L

mi r rfacwusfant which islsothe exact focus '
point of the lens. The light rays spread out from
this point, hit the lens and refract imay that
makes them come out more or less parallel to each dthese types of
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headl i ghts arendét as common as the type that we sa
mirrors to reflect the light directly out onto the road

Whena | i ght ray passes directly thro
change direction. doesrefract ever so slightly when it enters the lens but then
refracts back again when it leaves the lens, so in effect the path of the ray is
virtually astraight line.

Part C: Images Produced byConvex Lensegwhen the object is close to the lens)

Now the main use of convex lense$asthe formation of images. Convex lenses produce
different types of images, depending on how far the object is from the lens.

When the object is close to the |l ens, s
the image produced imagnifiedand upright.

We can use ray diagrams to see how they work.

Now rather than drawing in a lens and then trying to calculate all the angles of incidence
refraction as the light passes through the,lensirawing the light refracting twice i t 6 s &
easer if we simplyrepresenthelens with a straight line and dravsmnall convex lens to tell
us what type of lens it is.

We can also mark in this convexe n s 6 s foonc atl hsep ol i enn
principal axiswhich isthe imaginary line passing straight through

the middle of the lens

So, if youdre |l ooking at an obj
closer than t he | eitragpéasmafjnifiedd | p C
To work it out, we need to use two-ealled reference rays.

The first reference ray thelight ray coming from the top of the
objecttravelling parallel to the principal axis of the lewhen it

hits the lens, itefractst owar ds t he focus of the | ens. I f youdre
coming from somewhere up tee

Our second reference ray is fight ray coming from the top of the object which traviisough the exact centre of

the lensThislightrayd o e s ndét c han
direction at all so it appears to be coming

from somewhere in thidirection. The

point where thdines meet is where you

have tolooktoseetheop of t he o
fmage formation image so in fact the arrowppears to be

| her e. Of cour s e, t her
light rayspassing through the lenthere

are trillions, but because ofdgh | ens 6 s
shape, every single one of them coming

from the arrow head refragih a way that
makes them | ook as if
from up here.

As a result, in this case, when you look
through the lens, the object appears to be about one and half times bigghan it really is. |
image of the object that is upright and enlarged.

This type ofimage is called a virtual image. A virtual image is formed when light rays appear to be coming from a
certain | oc addctoafly chmgtfront thaelgcdtione

If we movea convexlens further ad further away fronanobject the image gets bigger and bigger. Whigs

objectisan di st ance t hat 0 softeedemshe image goeshlerryWhenahe bbjett is at the h

focal point, the lights raysom any given part of the object come out of the lens travelling parallel to eachsether,

" |
representation of a convex lens
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in fact you get no image at aWhen the objeds further away than the focpbint, and the observer tsack far

enough as welthe imagdlips around, so thatbjectsthat are far away ém a convexlens appear upside down.

The fact that the image isupsideo wn i sndét al | istehllgimpoitantgbout theaertypes of Wiages

is that they calbe seenona cr e e n a nypesa ft disma heess et hat wedl | be | ook

Part D: Images Produced by Convex Lenses (when the object igther than the focal length of the len3.
When theobject isfar from the lens, specifically, wherdst
further than the focal length of the lens, the image

produced is said to be Areal
actually focussing on the screen.
These fAReal 0 i mabylersesomafar be f o

examplethescreen at the baaK our eyesalledthe retina

which is made omillions of light sensitive nerve cells

Real imagesrealso formed by projectorboth in small

scale presentatiorandat the cinema.

Here, weobve s8&tmfiopamnvéleng ht g

which has a focal length 80 cm. The way the light
refracts when it passes through the lens results in an
image of the light globe forming on the screkerthis
case thenagnified, upside dowimage isproduced on
the screen about 2 metres frore tens

Leteksami ne what 6s happ®©Ouri
first reference ray of light travelling parallel to the
principal axis refracts so that it passes through the foc,
point. The second reference ray passes through the e
centre of the lenand so it passes straight throughf

we placeascreemher e t he | ight r

enlarged, upside down imagéthe light globe.
Remember, there arendt |
rays coming from the top of the globe which pass 1* reference ray
through the lengneet up where our two reference rays : ame
meet

In fact, the image still forms even,ifor examplethe
first reference ray was blockear if it wasactually reference ray
higher than the lens.

There is, however, a third reference ray. Any light ray
passinghrough the lefside focus refracts so that it end
up travelling parallel to the Il ensés principal axi !
These three reference rays can be used to work out where the lens will produce an image in anynciecumsta
However, just to show you
the object from which | igh
the light globe with three different colours, red near the
top, green in the middle and blue on the bottom.

An upside dowrimage appearon the screen, with the

red, green and blue light all hitting the screen in a

specific locationWhen the light hits the screen, it

reflects off the screen into our eyes and we can see it.

We candraw ray diagrams to followhe path of the

different colars individually.The light comingrom

any given part of the object ends up at a specific location on the screen, so an imadge totms. w ereallyo n 6 t

magnified, upside-down image

principal axis

image

i
representation of convex lens

(magnified, upside down)

object

representation of convex lens
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have to draw heaps of lightralysi k e we 6 v e . Justtevd refetenae eagséerough to telijou where the

image will appearandyou can use the third reference ray if you want to, just to check.

By the way, 1 the screen is further back than where it shouldhelight still focusses but then it keeps goimil

it hits the screerSince by the time the light hits the screen it has already spread out you end up with a blurry
imagel f t he screenyaowaswdul dimn&tr eevaen asée an i mage; t he
wo u | reffed@d into your eyes.

With projectos,wh et her t heydr styleslidect r o
projectorsi t 6s not the |l ight gl obe t
screerof course but rather, thémagebearingelement that is

being illuminated by the light globe

For examplethisis anold
slidephota Slide photosor
slides, used to be fairly
common butike audio
cassettesyideo cassettes
floppy discsand togas,

t h e ynadd angmnore.

| took this shot way back in 1989. Mme had a digital camera back them.
Slides ardike seethroughplasticphotos.If a slide isilluminated from behind,
the lens produces a magnifibdt upside down imagen the screen, so here,
|l 6ve made a .si mple projector

A realslideprojectorworks in exactly the same way but

uses a much brighter lamp along with a mirrcshime

- il light orto the slide.

w. The light coming from the near the top of the slide ends up
near the bottom of the screen and the light coming from
near the bottom of the slide ends up near the top of the
scre@. By the way, the convex lens in a projector is often
Sl called the projection lenSince the image is upside down,

the slide actually has to be placed upside down into the
projectorand we endip seeing its magnified image the right way up.

Olderstylefilm projectois use this exact same principle

as well.This particular film was shot way back in 1971.
Not by me thoughl. was only three years old.

When the film is playethack each frame is flashed up

onto the screemne by ondor a fraction of ascond.

The frames are flashed up so fast that when we watch
them, our brain blends the images togethethsre

appears to be movement.

When the film is played back, 24 frames are flashed up
onto the screen per second. Our brain blends the images

together so there appears to be movement.
The light with its mirror is placed here and the projection lens is here. The film is fed between them. Movie film is
made up of a series of slide photos, which are called frames. When it was filming, the cameracalisthsig

‘ 24 photos, or frames, per second. When the film is played back, the frames are flashed ug
onto the screen in quick succession, at the same rate at which they were taken: 24 frames
per second. Our brain blends the images together, so therrappbe movement.
We can simulate the concept electronicdiigcause video is also a series of photos,
which are also called frames Not hi ng on the screen youor
moving t her e 6 s frames éachane $astinghearsl a lnafsecond.
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However, if theydre pl ayed b adygtkevideo camérae perpevee d at whi
movement.

Depending on where you atelevisiors andsmallerelectronic projectadisplayeither 250r 30frames per
secondVideocamerasisuallyrecordat 25 or 30 frames per second as wEHlere is no noticeable difference
betweerthe twa (Basically, dfferent frames ratewere adopted by different countries because of the electricity
supply.l t 6 s al | p r entAdstyaliat fer example,celedtricity ib delivered at 50Hz AC, so a cldanher
signalcould be obtained with a frame rate of)25.

Cinemaprojectors ont i nue to project most movies at 24 fr ame
anymore.

Insteal of using film or slides, wdern projectorsise an electronic device to

createan imagewhichis thenprojected up onto a screana similar way to

what we 6veé aWwiaehgbightdighesaurce and a lens

The lamp in this cinema projectigrvery bright and produces lots of heat, so it

even has a metal pipe to carry avihg hot air.

One way of creating the
i mage thato
projected is using what 6s
chip or DLP ChipThe rectangulasilver-gray bitin the &
middle is called a Digital Micromirror Device or DMD. Thg »- : g ieremr Davies (M)
DMD is made of millions of tiny mirrors, here shown with R
an antdos |l eg to give you Ry v
invented in 1987 by Dr Larry Hornbeck of tech giant Texa

Instruments.

Each micranirror can pivot and this allowtie DMD to
createanimagek.et 6 s take a | ook how it works.

Her e maa®éassenple model of a Digital Micromirror Device uslidgmall

mirrors in a3 x 5 array.

The mirrors have been stucktominges which allovthe mirrorsto be turned
eithertowards a light source or away from it

If thesinglelight source is placed to one sidetiié model DMD, and its dark on

the other side, we have the beginnings of a display dadbenthe mirrorsare
angled a certain way, the reflected 1
away from the light, they appear daBach mirror therefore represents one pixel of

the image, so we carse ourl5-pixel model DMD tocreate some simple images

in this case all of the numbers franthrough to %and 0.

With 15 pixels, ve can also create mahuyt not allof the lettersf the

alphabet

Now film or slide projectors shine light through each frame, whereas DLP
projectors shine light onto a DMD which refks the light back through the

lens.

If we now place a projection lens in front of our model Digital Micromirror
Device,and shine a light source towardsak can projecthe DMD image

onto the screerd e r ere agairbrecreatingthe numbers from throughto 9 but now you can see theon the

screenA DLP projector uses a really bright light source, a DMD with millions of tiny mirrors, and a projection

lens arranged in the way that@&veset up our modeWith millions of micromirrors, all controlié accurately by

the encoded movie file on a hard drive, yamobviously get a highly detailed image.

By vibrating really fast, the micromirrors inGMD are designed not just to produce black and white but shades of
grey as well.

The last step is to prade colour and there are different ways of doing this.

E
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An electroniacolour images basically made up of redreen andblue pixels red, green and blue being the
primary colours of lightBy changing the brightness of each red, green or bluefpixelits maximum all the way
down to zeroor in other words blackyou can get an imadhkat appears to hawaillions of colours.
To generate colour, ostDLP projedors use a spinning colour filter
which allowsfirst red light to shine onto the DMD, then green light
and then blue lightThe mirrors vibrate really quickly and project
first the red, tha thegreen and thetheblue components of the
! image onto the screame after the otheand again our brains put it
: all together and we perceiadl the differentcolours.
CinemaDLP projectorsemploy three DLP chips, omach for red,
green andluelight. A prism is used to split the white light coming
I from the lamgnto the three primary colours, which then illuntima
Lk one DMDeach After the oloured light reflects from thBMDs,

mirrors and prismsecombinet all just before it passes through the |
lensWhen you watch a movi e, Yy o0 u 0 e WELCOME TO

HOYTS

the image that is formed on the DLP chips.

You wo ul atdirdtglantahat suéh a little devicamade up of
tiny little mirrorscould generate suchfantasticpicture on a huge
cinema screen, but it does.

To produce a magnified image with any type of projector, the objec
has to be placeldetween tk focal pointof the lensand a distance that
is twice the focalength, or to put it a little mathematically, between f and 2f.

When the object is at a distance of two focal lengths
away from the lenghe image appears the same size as
the objectUsing our three reference rays again in a

ray diagram, we can see wthys is the casaVhen we

place dight globe60 cm away from the lens which

has a focal length &0cm, the image of the globe is

the samesize as the globeitsedfn d it 6s 60cm
the lens

If the object is a distance af leastwo focal lengths

away from our lens, the image is reduced in size. We

say that the image is diminished. We can see why with

a ray diagram.
As anobiject ges further and further awdyom thelens theupside downimage gets
closer and closdo thel e nfscal point.

The easiest way to work out a |l ensds f o
something really far away, at least 10 metres or so.
The distance of the focussed image to the \emesn you do thissequaltot he | ens 6

focal length. The lens on the left has a focal thiod 10cm whilethe lens on the right
has a focal length of 20cm
This kind of diminished, upside downma ge i s produced by our eyesino so i

next. Studentsoften ask me why | didbhwear gloves. | didé wear gloves
because thegh was bought from a fishmongewot from aaboratory
Part E: Eyes supplier (from where you might get sdbr dissection i SpiroLiacos

The eye is truly a marvel of natuteut how exactly does it allow us to see

things?Well] et 6s take a quick | ook aad so
explain what they do and how they work.
We 6| | be | ooki ng at theheyesaf thitupayfisths of ¢

This eye is surrounded by a fair bit of fat which helps protect the eye. Our
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eyeballs also have fat around them to help protect théenbrémove the eye to allow us to examine some of its
features.

l'tds kind of disgusting but itos
days, if you wanted to eat any ki
yourself.

. A humaneyeball is mostly white. Theuter-most layeiis called the

sclera. A the front oftheeye isa seethrough sectiorcalled the cornea,

which lets light intotheye.The cornea is very hal
so clearBecause of its curved shap@é actually a convexensand so

it pl ays a major role in prTaa@ucin

cornea of the tunaods eye is fairl

eye.

Behind the cornea is the ifiwhich can come in a variety of colouf$e iris forms aolouredring whichcontrols

how much light enterstheeye.h e pupi |, the black spot in the middI

iris which allows light to enter the eye. In the dark, thedgensand the pupil is said to dilate so that magét

can enter the eye. In bright light, the iris closes a little and the pupil is said to constrict. This ensures that not too

much light enters the eye.

Here weodr e us i igonaamera todea what and and puglook like in the darkWe 6 r e al s o

using a normal camera at the same time. My pupil is quite dilated in the dark, but when the lights are switched on,

my pupil constricts. When the lights are switched off again, the pupil dildtesri$ continuously adptsthe size

of the pupil as lighting conditions change.

Behind the irigs another lensvhich isusuallycalled quite
H = W simply, the lens

Sy . | We can take t hesdyeTheellydiket of t
- / \ stuff that fills our eyes is called the vitreous huntibhelps
qup" the eyeto keep its shapd. h e etbh e alitlegs . |t
iris — X roundsh seethrough ball which isctually a convex lens.
: ’P“Q\‘ After a quick wipe down, we can
e M see that the lens produces an
“dilated” in  “constricted” in upside down image of my finger.

il And, just like any other convex
lens, it also acts as a magnifying glass for objects that are closer than the focal poi
The lens and the cornea produce an image orethna, at the back of the eyihe retinds made of millions of
tiny light-sensitivenervecells. | t 6 s d ar ksofbstle éightthat hitstt. a b
fyoudr e | o odd,green ardtblussiextytheradlight
reflecting from the regartends up focusingbouthere the
green light from the greguartends up focussingbouthere,
while the blue light reflecting from the blymartends up
focussingabouthere. An upside down imagerms
We have three types bfjht-sensitiveso-
called cone cellsn our retinas. Somare
more sensitive tdght at the red end of thasible spe¢rum, somearemore sensitive to
light in the middle of the spectmuand som@&remore sensitive tbght at the blue end of
the spectrum. When light hits them they send the information off to the brain via the optic

nerve.
You can se@art ofthe optic nerve herstill attached to the retina

o
(7]

retina

optic nerve

The fact that the image isupsidewni s i rrel evant . ltds the brain that
wedr e | ooki ng OarSheddimglLight bneCol@program hasmore information about colour and the
way we perceiveihut | et 6 s hawavevfocuso c us on
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Unlike the cornea, which keeps its shape, the lens is attached to tiny muscles which can pull on it to make it fatter,
or which loosen to make itittmer. Thisis whatallows the eye to focus.

If you recall from earlier gnathinnerconvex lens haslanger focal length, while a thiekconvex lens has a
shorterfocal lengthT he t hi ¢ k n e s schandes deferdinggon thédistariceeofitjeolc t you b6 r e
at

So, |l etds say that youdre | ooking at something far
reference ray, we can determine where the top of the image will form on the retina. Our first reference ray has to h
the same spot if the i mage is to be focussed, so wi
I f on the other hand wedbre | ooking at something up

reference ray first, we can show where the top oirttagie will form. Now, using our first reference ray, we can
mark in the focal point

By comparing the two diagrams we can tieéit when you

look at something up close, your lens has to thicken up to
refract the light rays more, but when objects araveay,

the lens has to thin out.

Now, even though the lens is called the lens, both the lens
and the cornea act as lenses, and most of the focussing is,

in fact, done by the cornea. The lens simply fine tunes the
eyebs focus.

Just to keep it simple thougbir diagrams here have

ignored the focussingffect of the cornea and are just

showing the focussing effect of the lens.

However, this diagram is a little exaggerated-fN\obe can really focus on somet hi
shownhereTher eds a | imit to how much the | ens can thic
Theneares omet hing can get to your eye andTheweearpainhofmyn f
right eye is about9cm.

Our eyes andur brainwork together to continuously adjube thickness of the leras we look from one thing to
another.This pracess is called accommodation.

Later on in the program, weoll | oo
So just recapping, when something is far away, our lenses are relfitivel\s z
the object gets closer and closer, the little muscles pull on the lens and it get<™= :
thicker and thicker. This ensures that the image on your retina remains focus:}'
the object moves away again, your lens thins out again.
Camerasalso use lensds produce images on a scre€he light is i .
focusedby the lens onto a tiny electronic screen which serfds bfe ct r i c a I signal s
memory when light falls on iifo focus,théd ens doesndt gkeitdodsanthe eye; or
it moves backwards and forwarddost cameras have more than one Jevisich allows them to

zoom. Also, multiple lenses made with slightly different types of glass produce better pictures.

Concave lenses are lenses which are thinner in the
middle than they are at their edg®@ncave lenses
always produce images which are upright and
: diminished
object If something is up close, its image in the concave

virtual focus -~ E— UCIEEEN  |ens looks smaller, and if something is faragvits

‘.,m':h: image in the concave lens looks smaller.
diminished) | Letds use ray diagrams to

| parallel light rays strike a concave lens, they

diverge, or spread outwards. But the lens is shaped

i
representation of concave lens
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so that all the rays diverge agithey 6 r e ¢ o minmpant. This@intisa a t b e d a virfuad focuse n s 6
The focal length of a concave lens is the distance from the virtual focus to the lens.

Once again, rather than using a | ar ge edthalgnswitma of a
dotted Iline and a small concave |l ene shagavien |l teme 6
focuson the | ensdés principal axis.

Wedbre also going to use a s idiagpadmeasnuchrappessiBls our obj e
Thefirst referenceraywd r aw i s t he ray that travels parallel to

refracts upwards so that appears to an observer to have come from the direction of the virtual focus.

Our second reference ray is the ligly that hits the exact centre of the lens, which, like the second reference ray
for convex lenses, passes straight througlttmeavdens. An obsever looking from this direction has to look

along thdine of sightshown.This point here is the point wehe both observers think the light is coming from, so

the image is in fact heregirtual, upright, diminished and on the same side of the lens as the object.

And of course therefThear enot

¢

Concave Lens_— ¢ ... ones wedve dr awn arlrefact ust
/ ?“" every light raycoming from the top of the object
Pve : p,i.n;m " which passes through the concave legfsacts in a
g way that makes it | ook as

Whether the object i&ar away from the lensn the
raydiagramh er e it 6 s malengthstfroma n t
the lens, or fairly close to the lens as it is in the bottom
ray diagramwhere the object iwithin one focal

length the image always appears upright and

diminished.

One of the most common uses of concave lenses is in
the glasses, or spectaclasedby people who arshortsighted. @nvex lenseson the other handyre usedn the

glassesvorn by people who dongsightedLet 6 s t ake a | ook at how they wor

i
representation of concave lens|
'

Part G: Correcting Vision Defects

There are many types of vision defects but two very common ones arsightetiness and lorgightedness.

People with short sightedness can see things short distances away, but have trouble focussing on things that are |
away.People with long sightedness can see things long distances away but have trouble focussing on things whic
are up close.

Letbs see why.

Wedbve already seen that to focus on something up cl
more and focusses on the retina.

People who dondt need glasses and people with shor
earlier, the diagram is exaggerated.

I f youbre | ooking at, sa
dot at the top, athe light coming from the green

dot is focussing at a tiny spot on the retifle

cone cells that are sensitive to green light send

that information off to the brain. Other parts of

the retina tell the brain that red light, in this

example, is hitting tha. The image is focussed.

As the object gets further away though, the lens

is supposed to become thinner. However, the lens
ofashoisi ght ed person canot
so the light is still refracted too much when
theydre | ooking at dista

Liacos Educational Med@Shedding Light on Lenses Pa@ef 15



http://www.liacoseducationalmedia.com/

We can see in this case that the green light coming from the green dot focuses at a point in front of the retina, her
in this animation, and then spreads out before finally hitting the retina. The image is blurry. Instead of a tiny group
of cone cells deicting the green light, you get a wide area of the cone cells detecting green light. And, of course,
the now dispersed green light overlaps with all the other light as well.
Remember, weodove just shown t wo | illgrsoflightmaysshattpass k e e p |
through the lens end up focussing in front of the retina, and then keep going until they hit the retina.
To correct this problem, people with short sightedness wear concave lenses. A concave lens spreads out the
incoming light rays just before they reach the eye. These light raysearedfocused by the cornea d@hd lens so
that they focus exactly on the retina.

shorsaigtived ve looklg ik We can see here that by wearing concave lenses, the

et oment combined focal length of the concave lens and the cornea
and the lens of the eye becomes longer, allowing a short
sighted person to focus on distant objects.
We can simulate the effect with actual rays of light. If we
have our cornea and lens focusing the light too much,
placing a concave lens in front of the ta@nvex lenses
extends the focal lengtkiVhich is what you need to see

— distant objects.

RS .~ I'tds pretty thoelbeasesdnisegldsses ae, t h
concave, just like the laboratory concave lens
People who are long sighted have no trouble focusirdjstant objectsHowever if the object gets too close, their
l ens candt t hi c k ethelighprays reachutle etina Before theymave auichance to focus. Once
again,instead of the light focusing at a tiny point on the retina tiny group ottonecellsto produce a focussed
image all of the greedight-sensitive cells along this whole arc detg@enlight, sothe person sees a blurry
image.

————————

To correct this problenpeople with long sightedness

(oaiehisdave lookion sl wear convex lenses. A conviens focusses the light

close up object = 7B rays a little just before they reach the eye, and then
the cornea anthelens focus the light even more so

that a sharp image forms on the retina.

We can see here that by wearing convex lens glasses,

the effective focal length dhe eye shortens, which is

necessary for viewing objects up close.

Once again, using actual light rays, we cantsate

adding aradditional convex lent our pretend

cornea and lengroduces a shorter focal length.

Many people become long sighted they get older

As we age, our lenses becohass flexiblesoit becomes harder for the little muscles inside eyedo pull back

on the lenset makethemthicker.

I'tds not un c dnnhaicfarties opfifties poestarpukireghat are

oft e n creatlinggldsséd\When looking at distant object$eymight not

need glassebut when they sit down to reatieirlensesc an 6t t hi ck

enoughso thg put on their reading glasses, which are actually convex lenses

I f they dondt have their reading g

back as possible, in an attempt to focus on the text.

So many people need reading glasses that mhaymaciegvensell them off the rack.

They come in different stretiys, so you just choose the one that suits Ymu can tell pretty easily théhe lenses

in reading glasses are convex

convex glasses

t hem,
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By the way, the leresin the glasseareusually curved, but becauseh e thigkere
in the middle thamhey areattheedget h e gtil comvex. Sunglasses and safety
glasses are usually curved too, but the thickness of the plastie s n 6t ¢ h
The @ncavdenses imglasses for shogighted people are also usually curved, but
theydére of cour se tehdremantleiredgen t he mi
Contact lenses work in the same way as glasses. Tney -
7 # have tobe curved so that they fitver the cornea, but they too come in either

, ‘ concave or convex fornThis contact lens is concawehich meansthdatt 6 s been

) y & designed fosomeone who is short sighted.

Many people who have trouble focussintdergo
correctivelasereye surgery, where a lagsrused to
actually change the shape of their correa.example, gople who are short
sighted have their corneas flattened out kJitio that the incoming lightays
refractless ‘
Havinghe procedure doesnodt necessarhul |
some people think ités worth doing.
So there you have it. Concave and Convex lenses. What wonderful things.

BONUS FEATURE 1: Slow Motion, Time Lapse, Chick Flicks and Hobbitses
Webve already seen that film and
photos, called frames. Movies are usually shot at 24 frames per
second and video is usually shot at either 25 or 30 frames@and
A video file shot at 25 frames per second and then played back at 25
frames per second appears to display movement at normal speed.
However, if you take, say, 1 photo every four seconds as the

- - . photographer did here, and put them into movie ed#aftyvare so
that theyodre played back atalled Omdapsephotegsaphyberythsggseams d ,
speeded up.
Depending on the movement of the object, it can often look very smooth.
If you take a photo of somethirtlgat is actully not moving, themmove the thing little, then take another photo

and so on, and you then then play back the photos
Claymation.
Notice here that the caterpillar tracks arené6t act |

In the year 2000, the movie Chicken Run, about a group of chickens who make plans to fly thbaothey

discover that their owners plan to turn them into meat psj Claymation very effectively to create the

appearance of movement.

Wh at vy onmngdsma commuterigenerated, these are real fake chickens.

S et | f y o u bévideoathfrmmes per second, and then want to speed
up the action so that it plays twice as fast, the editing software simply

plays every second framat higher speeds, th@fware might play

only every third frame for exampl&his usually results in movements

that argerky and even comical.

To get slow motiorat say 50% speethe software simply plays each

frame twice

To slow the action down even

more, the software has to repes

each frame three times or even more. It starts to look a little jerky beca

gets to the point where we can distinguish betwhemdividual frames,

S i nc e ondcreen forse long.

To get high quality slow motion, you really have to shoot at for examplcil

1

1
2
3
4
5
6
7
8
9

= o

e
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100, 200, 300 frames per second, and then play the film back at 25 frames perfsstandving objest in this

casd he hummi ngbniértd énso vwei nvgestagi fofimeeso thé resultimg raowement is smooth.
About 120 years ago, when film cameras were first invented and
used to make movies, it was quickly realized that you needed at least
12 frames per second to produce a reasonable representation of
movement. Becaudbe frames rates often varieghdbecause the
camera often produced frames with different brightnesses,
because the projector technology
would see plenty of flickering as the film would flick from one frame

to another.

As a result, the word Aflicko wa
Afido you wanna go see a flick?06. Though movies def i |
occasionally, and t hdefinitelxsplig@ng stronrg.n fAchi ck flicko is
Though the technology wasnét as good, there was st/

In the 1920s, 24 frames per second became the standard frame rate for movieX)Rudinector Peter Jackséns
movie The Hobbit: An Unexpected Journey viiimed at 48 frames per second. It wthe first major movie to be
filmed, and of course screengdcinemasat 48frames per seconé\ higher frame rate is supposed to produce a
clearerols cr een i mage when ther eds Whoknowswhatadvaneeinor when
technology await us.

BONUS FEATURE 2: The Mathematics of Lensesnd Image Formation
Up until now,wed vused ray diagrant® work out where an image will form in any given circumstance. We saw,
for example, how enlarged upright virtual images famidhow enlarged inverted real images form.
Ray diagrams are obviously very useful, but is there a way of calculattyewhee an image will form®ell,
yes there isMathematics is an incredibly powerful scientifictdolet 6 s dr aw a si mpl e r ay
formingand i ntroduce the mat h.dfmwaknowdhe focaldepgtnobthe senshidhést we 6
given the symbol fandthe distance thdhe object is fromthe lenpjpowhi ch wed Il | gwewanttt he s
be able tacalculate exactly how far the image is fromthelensand we 61 | give this dist
The height of the object is given the symbol H subsor{jpt,) while the height of the image is given the symbol H
subscript i (K.
What we need is a few equations
whichwill bring all thesajuantities
together.
Todothiswér e going to |
similar triangles within this diagram,
so letds quickly rev
mathematics o$imilar triangles
Two triangles are said to be similar triangles, if all their angles are
the same.
The smaller triangle PQR is similar to the larger triangle PST.
All the ratios of the side lengths of the two triangles are therefore the
sameL et 6s | abel the I engths a, b,
If x is 1.5 times longer thal, then y must be 1.5 times longer than
a. We can write X = y/a
In other words, the ratio of the heights is edoahe ratio of the
lengths.
Similarly, if a is twice the length of b, then y must be twice the length

1

of x, OrJr_F 3
The ratio of the side lengths of eaihilar triangleis the same.
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