
 

Usingreflectiontiefractions

g
object

we extrapolatealongstraight lines

place figure in frontof mirror

object image

the image is virtual no light passes
through it

observer
0 Timor

objects s a s



I use s distance f object from mirror

2 put observeranywhereyou like
3 draw rays from object to

observer
using law of

reflection Or D i
4 find image distance s byextending rays
convention for distances

l s so means object is on same side

of surface as incoming light
2 S o means image is on same side

f surface as outgoing light
3 for curved surfaces radius ofcurvature

r so rt centerofcurvature is on
same side as outgoing light

to mirrors

if
s o

s 20

tf
imageobject s es



Sphericalmirrors
R radius of
curvature

f if object is on
same side as
center R O

y
s

s
2 concave opens to the
object

flip it around its

a e
object

c s s

light from any point or dyect will reflect
around normal to surface

normal goes thru center



I
r

s

object

to calculate relationshipbetween s s R

3
s

R

2 0 8 IT and Atf IT 2 0 4
I Ot E IT and At E T 0 0 p



subtract O O O B 2 8 20
then tamp ta tanto ka tamasha

if we restrict rays so that 2 is small
then a 30 and a B d are all small

tano sing leg
sinoro

Is cost l 092 I

sold tano o

this gives tamp p g
tant of G
tan a a y

nextpluginto 2 8 20

4 he
gives fitted



this equ is onlyapproximate for small
angles
so make mirrors smaller and all angles
will be small or make them parabolic

T
z

deviations from above equation results
in spherical abberations image blurry

can be corrected by changing shape fmirror to make above equ exact

Rule for geometric optics
I draw ray from any pt on object
parallel to symetry axis

2 reflect using Or Oi

3 draw way from same pt than
centerof curvature will reflectback



onto itself
4 intersection is where that point sits

on image

focal point

if s s 4 then I 20 so
z

51 212
this is called focal point all objects at

5 4 produce image at s f where fork

for spherical mirror f focal length

n

Lv

and it works in reverse any incoming ray
thru f will reflect parallel to axis out

a



this allows you to find images easily

Magnification

5
I

e y xp

L
sh

image is

l inverted
2 real s o

3 magnification

fromupper triangle tano his

from lower a tan o h Is

magnification ismates



since h is co below axis write

m I I

concave mirror w object inside f

92 7 f Est go

I draw ray coming in thru f goesout parallel

2 dayray parallel to mirror reflects as if

it goes out thru f

5 t's I I I I
s

If ff since s af s 20 so is
on othersideof mirror

and image is virtual



no lightactuallygoesthruit
m I If
as you move objectcloserto focal pot
image gets bigger

convexmemorst

I L
s

here R LO so f co

f Ift
s If Lo virtual imagebehindmirror

no lightgoesthru image

magnification
M s ft I image smallerthan object



example concave mirror R 10cm s 8cm

I image of the base will be on the horizontal
2 of head using these 2 rules start

at head of arrow and do this
draw line parallel to mirror will reflect
thin focal pot f r 12 5 em

I E b

draw line thin focal pt will diverge parallel
to a

intersection will be where image forms

I t t t t Zo S 403cm 13.3cm

M I 1383
1.66

s 0 image is real



m co image is inverted

note I I Is if f is I t s o real

if Saf cobject inside
focal pt

image will be virtual

t
image

see how 2 rays
diverge on real side



We've seen how mirrors geometry lawof
reflection allows us to have images
w various characteristics

can we do the same or something
similar w refraction

Refraction at spherical surface

fT as

toanypf B on

an

ray frombase point P to a
Taff

makes angle Oawant normal
makes angle 2 art horizontal

ray refracts angle Ob and intersects horizontal
at point p
makes angle p wit horizontal

normal goes thru centerofcurvature C
and has length R angled wrt horizontal
distance of B to horizontal is h
8 is distance him base f h to front A lens



index f re faction na on object side ny on

outgoing side

here has na

same sign convention as before I 0 if
curvature is on outgoing side

just like before G Ost B
Oa 180 E and 2 0 8 180

so Oa 2 4
also from law of refraction

Nas in Oa Ns sin Oy

for small angles sin Or

so Na Dat N bOb
also tana Ig tamp tano Ig
if angles are small then 8 0

and tano o

this gives

Na at hisOb



a I B f I he
Out B t Ob th Ob f

Oa 2 to Oaththe
Nada h na f tf n Ob hrs E g

cancel out h

ng t
hap ng ng

or Ygthmint
This formula is only good for small angles
Now drawextended object days from arrowpart

na n b

p tis



ray thin centerof curvature C goesstraight
ray tune point V is refracted towards
nomal which is the horizontal

tanOa y s and tan y y s

for small angles tano sino 0

so Oasay and Obs y
m

if 801
s Oa

law of refraction for small angles
Na Oa Nb Ob M Eg ng

so m I My
since s is in region b we can write

m films
s na

same convention s o real image
s 20 virtual
m O inverted image



for flat surfaces R A

ng o

this allows you to image for flat surfaces

ex n

É ÉFmtbecause ofrefraction

is beat away fromto
normal when you see itobject

if pool has depth s w object at bottom image is
formed at depth s

if image s'd then image is in water
but to use the equations assume

image is in air

I 133 0 s is O image is
virtual in water

if pool is 2m deep s 333 1 5m

pool is not as deep as it looks



Imaging then materials s 2 surfaces w index

of refraction n inside
d t

T f
equation for image due to 1st surface

I Is hq
the image formed by R surface becomes the
object for Rz
note that image will not be on incomingside
flight
I I II

Sz is the object formed by image f surface R
and Sz S because that object is not
on the same side as incoming light
z equations

I E I



I I tf z

we want to know si so eliminate si by
adding the equations

It ng th C D E E
focal pot is as before point in optical axis that

rays from I converge to

it tt I
thin lens equation f

note focal pot is symmetric for rays
hitting from left of right because
it only depends on n and the

shape of the 2 surfaces

I



A more interesting lens

f d R o but Rico by
convention

F H g
so RE LR

magnitude
C EI
a i ftp.t a

what about this

LW
here Rio Rio

so

f
cu D it E ca int I

f co for diverging lens



Ray tracing
I parallel light is bent thru f
2 light then f is bent parallel
3 light thru cent of lens along optical
axis is unbent

ex real image outside f

s

t 1 of 4
S

I Is a Sff s
sfsy

0 ifs f

image is real lightgoes thru it
Ma
g sty image is inverted

This is a converging lens



sa f cinside f

s Eg co virtual

m I o uprightI

s 3

you can see that as s gets close to f
from inside virtual image is magnified
more

Diverging lens negative focal pot

p
of

image is virtual s so upright



Diverging lens Lobject inside focal pt

IM f

no large difference for either side f f
Magnification

3

q
1a 4 a

s
s

y

m
yly

note tana y s on left
y s on right

so I It so
yly

Me s S minus sign todenote above or
below horizontal axis



Compound lenses

p
s 1 I If g

si

si is a real inverted image

lightgoes thin lens 2
let da l m separate lenses
f 25cm fr 25 em
S 50cm from lens l

1st image I I I 5,8 5 3 25to
Si soon so to rightof lens I

2nd lens Sz d 50 to left of lens 2
1 50 50 em to left

5 É É E É fo
si 503 16.7cm 40

virtual 16.7cmto leftoflens 2



magnification m I 51 3 smaller

Lenses basic usage

put object at A 5 0 t f or Sf
image is at focalpt

object
p
s f É

s

as you move object towards lens image recedes

awayfrom f

yet
Is

bringobject to focalpt image is at a

I I I f o s'd

bring object inside focal pt image swingsaround
to object side becomes virtual



I pityS

this is how a magnifier works

Magnifier
size of an object determined bysizeofthe
image on retina

i Yg
hhmage INVÉ

object musty titian
muscles attached to lens modifies the
shape to focus objects on the retina
which is behind the lens about 2 cm



this is called accommodation

near point closest you can bring object to
eye and still accommodate focus

image on the retina
at near point max accommodation

max reshaping lens byeye muscles
formost people this is v25 em

hype
250

y of

at nearpoint I
eyeadjusts shape and f pt so that image forms on

the retina

object subtends angle O

tan O O Ecm

and at near point eyes are not seeing parallel

noegatatesarey
Y



object at near point p_eyes have to look
atangle towards object
this can cause headaches

Glasses act as magnifiers for close objects
as you age near point moves outward
would be nice to read and not strain eyesto
cross and accommodate too much

note relaxed eye focal length from
a distance

between lens retina

to accomplish
place converging lens between object

and eye such that object is at focal
ptof that lens

l
the image will be l

virtual at 4 and eye can relax and focus



on to retina

Image will subtend angle O
tano O Ulf

overall angularmagnification
M E KE IF

the smaller the focal length ofmagnifier
the bigger the magnification the closer
you canbring the object
Diopter D t forglasses

eg D 1.5 3 focal lengthof3mn 2 ft

D 2.0 f m l 5ft

A
lens 1 image for s 4 is at f

lens2 dist D behind 1 w fr

S Lf D D f SaLo since it is virtual

l



find image forlens 2 with respect to lens 2

If t's I

I It ID
as D 0

s It I
as if its I leas w focal pt Iq Itf
or Deg Dit Da for lenses add diopters if

they are on topofeachother

ex leas I has fi 50cm fat 75cm

D foot 2 D I 133

f Deg 2 1 33 3.33

feq 3.133 0.3m

so if you need a magnifier to see fine print
borrow another pair ofglasses



Compoundlease 2 2 lenses

place object faraway from 1st lens called objective

image will be real inverted and small

small imageT

f
objective

now add eyepiece converging lens to use

objective lens image as object
this is the eyepiece lens
construct so that objective image is inside
Cor at eyepiece focal point

D fo t te
f D d

1stimage

i f f
eyepiece

objective



since the eyepiece object is almost at focal

pt light exits eyepiece parallel and hits
your eye

eye can relax completely
final image is on retina at an angle that is
magnified follow yellow lines backwards

This is a telescope

the eye's lens images the telescope image
onto the retina

DF Y I

L
final image is at 4 and is theobject for theeyewhich
images onto retina
tano y s y heightofobject for s say O small

so O y s y f

imageangle is from eyepiece tano y s safe
object foreyepiece



so ta no IO y f

M g is the angular magnification
this is the angle subtendedbyimage
not ratioof heights

Syfy filfz

so for telescope want small eyepiece focalpt
large objective focal pt

note image is inverted so need mirror
to invert



Microscope
here we want theobject to be close to

the objective and to also form an

image inside the focal pt of eyepiece
objective

4 f
f I

now placeconverginglens so
that image is inside fr

objective
I

f

k



final image
f eyepiece

eyepiece image is invented magnified

Mob hi si
overall magnification is f objective times
magnification ofeyepiece which acts
like a magnifier w Me Eg
M Mon Maye sig.se

usually s n fo so M Si 25 fote


