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RAY OPTICS

1. RECTILINEAR PROPAGATION OF LIGHT As shown o the figure. the angle between reflected ray and

mncident myis180 - 2iwhere i is the angle of incidence, Maxunum

Ir1s a well established fact that light is a wave. Although, a light |50 00000101907 when angle of incident i is zero.

wave spreads as it mioves away Fom its souce, we ool approxinate
s pathiasa soanght line, Under thas approsmmanod. we show light IJ-3 Law of Reflection in Vector Form
as a tay and the study of light as a ray 15 called ray optics or .
geometrical optics. Say inut vector along wacident ray = 0,

1.1 Ray L'nit vector along nonunal = o

. . . . f nit vector alous et o = 2
The straight Lne path alens whach light trove s oo homogeneous Unitvector aloug reflected ray =

medinmn is called a ray. T — 2 (. o™

Ray
_— I ‘. .,
2. REFLECTION OF LIGHT :
s f "
The phenomenen in which a light ray 15 sent back mto the same i i
medinm from which it 1s conung, on iwterac nen with a boundary: B
i5 called reflection. The bovmdary can bea szl s e or just an it
interface berween two medin . <
El,l Law ol Reflection Laws of reflecton renwan the samse whether the reflected surface 15

} ' plane or curved.
We bave few angles to define before considening law ofreflecuion

(i) Angle of incidence : The angle which the incident ay
makes with normal at the point of incidence.

{if) Angle of refection : The angle which the reflected ray
miakes with normal at the point of incidence.

A reflected rav lies m the plane of meidence and has an angle of
reflection equal tothe anple of incidence. £ 1= 21

1.2 Deviation

When a ray of Light suiTers reflection ats path s changed. The
angle between its direction after reflection and the directionbefore | Suppose a reflecting surface is rotated by an angle 9 {(say
reflection is called the deviation. anticlockwise). keeping the incident ray fixed then the reflect ray
rotates by 20 along the same sense, Le.. amiclockwise,

I 2.4 Rellection by a plane surlace

*wormind

Reflection

Plunc reflechng

e
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|_‘-'.5 Reflection from plane mireor

When an object 1s placed in front of a plane mnrer, 11s mage can
be seen behind the mirror The distance of the objeer from the
mirror is equal to the distance of the image {Ton the micrer.

¥ A |

1Real odvject) ag- (Wit image )

i""
A ADABT AL
L AR s comman amd
alb amgles are equaly

=1} = [A

A

Aagification of a plane mmroris wing

The image 15 fomed behind the mirtor It is erect, Virual and
laterally imverted.

Insize formation by two inclined mirrors, inclined at angle
=8 e [0, 1807

The oljzct and all its unages wall always lie on a eircle, having
ceuter at the point of intersection of the two inelined nirrors, in a

tae diensional view

Mumiber of Dsrine
iz foromel
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Constraint or necessary comdilion

Foven Integer {360

Clagueat may b anvwhere bepween [he 1w mirmrors
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O Inteper 13607 By A = Obgect NOT on the angle biseetor of miroors

G0 B — Object ON the angle bisectur ol mirmoes
1 1207 rs 4 e [ 207 7 40 4
fneges A 3 5 o 15 § X 4 i 14
3, OTHER IMPORTANT INFORMATIONS
| Ohjees (i Whenthe object moves with speed u towards [or away) fom
. )

the plane marror then nage also moves toward (or avay) with
speed u. But relative speed of image wort. object is 2u

(i) Whenmirror moves towsnrds the gationary object with speed
1, the mage will move with speed 2u.

{3 1 Q) 1
O — ) L ———
u u et 2u

U £—

Sirror an rest Marror is
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4. SPHERICAL MIRRORS

A sphecal maror 15 a part of sphere, If one of the surfaces is
silvered, the other swface acts as the reflecting swrface, When
convex face is silvered, and the reflecting surface is concave. the
mirror s called a concave namor. When its concave face is sibvered
and convex face s the reflecting face, the mirroris called a convex
miror

areEim, I e E
ral ", Lol £
- "fz', ::,.-.‘- .
- [
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1 = i
4 £ 1 !
& Silvercd St ared
Retlecting Rellecing fnee
lace
OnCave L o es (]
Cor YO IMETOr & IMIrmer

Before the discussion of reflection by cwnved nurrors, yon shall

carefilly eomprebiend the memung of follovan e rems

() Centre of curvature : Centre of curvanie - the centre of
sphere of which, the numor s a part

() Radius of curvatre ; Badivs of curvanee is the radins of

sphere of whicl the numor 15 a pant

Pole of mirrer : Pole is the geometric centre of the murer,

(i)
(n)  Principal axis : Principal axis is the line passing through the
pole and centre of cunvahoe.

MNormnal : Any line jeining the mirrer W ifs centre alounanre

(v}

15 a nonnal.

mormal

"v’/‘p
N

Principal |

i
=
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axis | C
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PO — e of curvature ()

MNormal

T
P Prineipal

Pule

R,
E:}“ .
E

]é C ; axis

{(‘r o 3

PC = radius of curvatuee (R)

Paraxial rays : Rays which are close to principal axis and make
sinall apgles with i, ve., they are nearly parallel o e axis, are
called paraxial ravs, Our treatment of spherical mimrors will be
resiricted ta such rays which means we shall consider only mirrors
of small aperture. In dia grams. bowever, they will be made larger
for ¢y,

Tmages formed by spherical mirrors

Let us eonssder various cases depending on the nanve of the

object and the 1mage

(i) Real object and real image

fa)

(I}

{ii) Realobject and virtual image

() "
o

—_'~..-‘h T

(b) = —

=
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{c)

{d)

(iii)  Virtual object and real image

{a} f .-1
(bl

() Virtealebject and virtual image

Ray dingrams

We shall comsider the small objects and mirrors of small aperture
so that all rays are paraxial. To construct the image of a point

object two of the followmng four rays are drawn passing through
the object. To coustruet e nnage ofan extended olject e puage
of twvo end points is only drawn, The image of a poiot object lying
on principles axis is fonmed on the principal axis itself The four
Tays are as under :

Rav 12 A4 gay throngh the centre of cwrvamre which sirikes the
nertor noermally and 1s reflected back along the saue path.

Ray 2 Aray parallel to prncipalaxis after reflection either actually
passes Nrongl e praoncipal focus For appears to diverge fomat.
Hay 3 = Aravpassing throngh the principal focus Foraray which
appears o converge ai F is reflected paralle] tothe principal axis.

Ray 4 : Avay siriking at pole P is reflected synunetnically back in
the oppasite side.

Id.] Sign conventions

Y] All distances are measured from the pole,

() Dastances measured i the direction of meident rays are
rakenas positive while inrhe direction opposite of incident
rays are taken negative,

(i}  Distances above the principle axis are taken positive and
below the principle axis are taken negative.

Incident ray

+
Minciple
axis

Airmor or Lens

e / Same sign copvention are also valid for lenses.
s -
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Positiown, sire and naluce of iimage lormed by the spherical micror

Airror Lovation afl Lowation of Magnilicatian, Mature
the ohject the imape Sige ol ihe
TN en -
imiage Heal Ereet
virtual inverted
(a) Concave A miinay Al foncus m == 0, Real inmverted
1.0, U= e v =10 dimmeshed
Away from centre Between Fand m = 1. Real imverted
of curviture ie diminished
{u=20 T<w=<2l
At centre of AL eenire ol re |, same size Real inverted
x CLrmiiuee u CLEY Iy 1.y e Ll l.'lll[lll..!
i - vilazec]
Berween cerire aof Away from the m = 1, magnified Real inverted
curvaiure an.d centre of
foeus L
F=u=<2f vl
AL Oeus . 1 - 1 Atmiinny e e =, magnihed Rl iverted
o
Between pole nd Y= m = | magnilivd Wirtual et
focus u =1
(b Consex Al miinaly e A Towgs e, e 1, dhimainashed Yirtieal erect
U= v=1I
Py F C Anywhere between Between pole i = 1, disminished Virtual ereet
) ——— Sl y
% imfiniy and paele arwd Focus

LU'se following sign while solving the problem

Concave mirror
Convex mirror
Real image (u = 1) Virtual image {u <N
[istance of ohject - U — - i — =
[stance of imge Vo= = Y- v o—r +
Fowal lengih f—s [— ff— +
Fleicht of ubject -+ 0 — + () -
Fleivht of e 1 — [ — + [ — +
Fanlives of corvature R — - Fo—r = R—
Magni lcaon in —» 1 — + 10—

]4.2 Relation between fand R I

Infipoe, P is pole. Cis centre of curvahure and F is principal focus of a concave miror of small apertwre. Let a ray of light AB be
incident ou the moror i adirection parallel to the prineipal axis of the unrrorn It gets reflected along. BF, Jom CB. Itis norualto
the minorat B,
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SABC =1, agle ofincidence

SCBF = r.angle of reflection

MNeow <BCF = £ABC =i {altemate angles)
In ACBFE. asi=r(lawofreflection)
CF=FB

But FB =FP (- apeinue 15 sinall)
CF=[P

Le., Fisthe centre of PC

1 — .
PF = = PC, Using sigh colventions,

PF=-fand PC=-E.
Therefore, -f=-K2 or f=HR72

Le., focal length of a cencave miror is equal to half the
radis of curvane of te mimor,

I 4.3 Deriving the Mirror Formula

Mirer formnla can be desived for any of the cases of image
formuation shown belore. When we denive a formla, we keepin
ek flie iz conventions aud substine each value with sign.
This inakes a forrnla stutabile to be applied in any case. Here, we
shall derive the fornmla for two cases.

Real obfect andd real limage

{concave mirror)

Real object and vivtual image

{Convex nirron)

sormal

PO = —u (distance of object)
PC =~ R (radius of crwvanire)
Pl = - {distance of image)
In AONC, y= o +0..01)
InADAL B=w+ 20, (1)
From (1) and (11}
y-a)=p-u

=f+a=2

P=F %P0 " C

AP AP 2AF

FI PO PC

1 1 1 1 |
r — = t =

-y -u -R v u f

'O = —u (distance of object)

PI = + v {distance of image)
PC =+ K (radius of cunvature)
InADAC, 8= a +v..£i)
MAQAL 20=w+ (. .{u)
From (1) and (11}
2a+=ap

=f-o=1y

AP AP AP

TR AT
AP AP _ 2AP
PI PO PC




CLASS24

RAY OPTICS

While deriving the above result, if we do not use sign convention,
resutlts obtained will be different for different cases.

4.4 DMagnification

The linear magnification produced by a miirror is defined as

height of image
height of object

I -BBE
Il = — = ——
4] AAT
L=
'l".-‘
hl
!
It )
A Lk
[ {

PB=-v(distance of image )
PA=—mu (distance of object)

Now, AAAP ~ AB'EP BB _Br
O & - —= & o = m——
¢ A'A AP
“PB —f-v] —v
= m:-----z_[.._"}z_"h
P —uJ] n
Nt /
By murror formmla, _l+l =l
v u £
v - AU f—v
= -l-—=—=m=1-—-=
u f f f
A!-‘iﬂ.l+l:1:;:,u_|:"_“:"]: f
vou fF v f-u
- f-v f

The magmilcation is negative when image is inverted and
positve when image is erect.

If an object is placed with its length along the principal axis,
then so called lonmmading l magnificaton becomes,

i
I _f Va—
m =— — 1

d -
Sl {for small abjects)
o lu.-y

du

1 1 1 - .
From, —+—= i we have —vdv —udu =10
LY

un
dv v v
ar = - ]
du L u
dv [ v ]: .
0o M, =——=|—| =4
= du lu
It we differennate the marrer formmla
1 1 1
v ou f
wiil respect (o time, we gt
v iE -l -0 {as [ = constant)
dr d1
dv v' | du
o dt TR (1}

A oevery part of mitror forins a complete nnage, if a part of the
purror s obsmucted. full rnage will be formed bat intensity will be
reduced.

{5. REFRACTION OF LIGHT

air
eliss

When a rav of light is incidemt on the boundary between two
trausparent media, a part of it passes o the second medinm
with a change in direction,

This phenomenon is called refraction.

I 5.1 Refractive [ndex

Absolute refiactive index of a medium is defined by the ratio of

' . . . . C
speed of light i vacuum o speed of Dght o die medim p=-—,
-

where ¢ is speed of light in vacwun and v is the speed of light in
thee wiedivin

5.2 Law ol Relraction (Snell™s Law)

A refracted ray lies m ihe ple of ineidence and has an angle of
refractionrelated to angle ofincidence by p1 sin i =, sing. Where,
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(1}  i=angle of incidence in medium 1

(o} n= refractive index of mednum 1 (it is a dimensionless constant)
(o) r=angle of refmction medimm 2

() p, = refractive mdex ol medium 2

{v)  Ifp, = .. thenr = i The light beam does not bend

(v Ifp, =, thent =1 Refactionbends the light avay fromnomal
{vii)

A mediun aving greater refractive index 15 called denser imednun
while the otlier medinm is ealled raer medign,

Ifp, <, thenr<i. Refinction bends the hizht towards the nonual

1Larer medium
[T

Thenser medim

LI

[Tl Normal

AL = psin e

Ingident ras

-\i Ben

Farer mediun
L

[Fenser medium
T

W30 = g1 S r

The three conditions required to find the wuit vector along the
refracted ray =r (provided we are given the unit vector along the
mctdent ray = w. and the normal wmt vector shown m the fipure,
from mediu-1 towards madinn-2) are

L =1

|-

Snell’s law

i w,n and r are coplanar = STP=0=r1_{u=mn)

s A

cosi=(u.n):cosr=(r.m)

5.3 Single Refraction from a Plane Sorface
Real and Apparent Depth

When au oljedt placed in a medium s seen from another mediu,
s apparent position is diflerent from the actual posioon. Consider
the folloving figre.

Mudiam =l b

Mcdmnm =200

Appareni depth A

Feal depth K

We shall derive the expression for small angles (or you can say
tlt e vlaect 15 being seen from top), By Suell’s law,

W< SIS TSI RO, s X i, < T
AB AB AB AB He iy
1= r—= Sy Ee— iy — = =—
E A TR A R A
The fellowing possibilitics may anse.
(1) When observer is in awr and the objeet is n a medum of
reractove mdex .
L 1
You have, & = — = A2 E
R A Il
B |
i
At i
Slodiurm gl
3]
b
(o) When observer is in a medium of refractive index pand

the object is in air, vou have

]_ M = A=pR
R A
X
I'x
K
Air
Alcihum i
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5.4 Shift doe to a Glass Shab (Double Refraction
from Plane Surfaces)

(i Mormal Shilt ; Here, again two cases ane possible.

(Bl |
(PR —

Anebject is placed at @ Plane surface CD fonu- its mape (virtual)
at [}, This image acts as elject for EF which finally founs the
image (virtwal) at I Distance O11s called the noomal shudt and its
value is,

Dlz(l—l]u
M)

This can be proved as under

Let A =xthen Al = % (Refractiit fioan CDY

Bl = jx+1
BI t
Bi ?l =X H {Refractnon from EF)

Ol ={AB+ OA)-BI ={|+x]_tx+i"|

1
= [l - E ]T Hence Proved,

(iy  Lateral Shift: We have alveady discussed that ray MA is
parallel to ray BN, But the emergent ray is displaced
laterally by a distance d, which depends en 1, tand i and
its value is @ven by the relation,

cosi .
{I= [ l—# s
L yp-sinTi

AS

AC |
Prool: AB = =
COST COT
(as AT =1t)
1
Now d=ABsnli—r)=_- r [sinbeost—cosismr)
o1 d=1[sin1-cositanr| i)
sini . sin i
Furthier H=—— orsmr=—-
ST I
SELE I
L ———
1,.'.“_ - &7 1

Sulbsiatutng m edq. (1), we gel.
[WEL| .
= | | - ———— NI
Y —sim |
Hence Proved

Exercise : Show that for small angles of incidence,

d=mn |—“l%|]

Apparent distance from observer

15.5 Total Internal Reflection I

Consider an object placed m a denser medinon 2 (having relractive
idex .0 being seen from a rarer medivm 1 (having refiactive
e )

Medm i)

Medivm 2 i)

Ot

Dnfferent mays from the object are showin As we move from A
towards C, angle of moidence goes on increasing. Therefore, the
angle of refraction goes on increasing. At B, angle of refraction
appronches 907, This is called eritical eondinon, After B, angle of
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incidence mereases, but angle of refractuon ¢amnet be meater yar. in fig
than 90°. Therefore after point B, refraction of light does not take iza+fp= {
place, only reflection of light takes place. This is called 1o1al itemal r-y.in fig. 11
reflection. ) )
p e+ @) =p, B3y} infig land fig. I
15.6 Refraction thiough Curved Surfaces
. , = peEpyy =l - e,
Spherical Refmoting Surfaces
A sphierical refractmg sirface 15 2 part of a sphiere. For exangle,
the plane face of cylindrical glass rod 1s curved to forn a sphencal
shape (as shown i the figure).
1l (1
[ncident
light == LY
Principal
axis s s
Convex refraeting «uclice A aperire s small o = e, f= tanf, v = tany
) [y EATLer £k, Ty = j1. — 1 :Itanﬂ
— 'a"-
\ S 5. |, i
' — PO L P pC )
c T fB e Prin:pal -
: "‘u____ RAIg Applying sign convention ie.u=- PO
e [y LI T Anr . —n'
Lwries v Fe Tt s o V= Pland =P n fi. Tand fig. [lrespectively R=P'C
Substituting the above values m equation (1), we get
P — Fole of refracting surface TR TR TR
—= -~ --= —— (Forbethfig.  and fig_II
C —» Centre of curvature Yoo R \FerDoth fig. { and fig. I
PC — Radivs of curvature 5.8 Lincar Magnification fer Spherical Relvacting Surlace
Principal axis : The line joining pole and centre of curyvature. (A'B)
&
5.7 Relation between Object Distance and Image AB
Distance Relraction at Sphevical Surfaces Nonw: sin i _b
Consider the point object O placed m the mednon with refractive S
index equal to py. As pysin 1= posin T and for small aperure s, r=» [ ]
f ! B
i Al

A " \\J
TR
B

AsiT— 0,1 =sinl = tani. r =sinr = tanr

iy . AB/PA .
M _h;

1e. paraxial rays = p 1= .1
tanr ABYPA"
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AR -PAT ),

_:- - ¥
AB PA /W,
LY ! N
Hence, m = .“'
wip,

Acthinlens is defined as a portion of mansparent refiacting medinm
bonnded by two surfaces. Oue of the two surfoces most be curved.
Following fignres show a munbet of lepses fonmed by differen
refracting surfaces,

A lens is one of the mest faunhar optical devices for a luonan
being, A lens 15 an ophical systemn with two refiachng surfices,
The sunplest lenshas bvo sphernical surfaces close ciongh together
that we can mepleet the distanee between e (he tuckness of
the lens). We call this a tlun fens.

| : |
“_1

/ | |

¥ Iy

Fhiconvex Plaru-gonves

Biconcave Plano-concave Concave menscus

Iﬁ.l Terms Related with Lenses I

1] Centre ofcwrvature (Cpand C,): The two bownding swhces
of alens are each part of a complete sphere. The centre of the
sphare is the centre of curvature.

(i} Hadius of cinvature [RI and H:] : The radii of the curved
surfaces forming the lens are called radii of curvanre,

(i)  Principal axis @ The line joining the two centres of
curvature is called principal axis.

(iv) Optical centre : A point on the prmecipal axis of the lens
froo which a ray of Lght passes undeviated.

(3] Principal foci : There are two principal foci of a lens.

() First principal focus F 2 It is a poiot on the principal axis,

such that a ray, diverging fom the point or converging

towards the point, after refraction becomes parallel to
prineipal axis

y

ils) Secomd prineipal focus F, @ 1t is a point on principal axis,
sich that a ray moving parallel to principal axis, afier
refraciion converges or diverges towards the point,

3N
s

Focal Length : The distance between optical centre and
second principal focus is focal length. Asswnptions and
sian comventions are same as these of mirvors with optical
centre C in place of pole I of the mirror.

(v}

IG.Z Rav dingram

To coustruct the noage of a siall object papendicular to the axis

ofa lens, e afthe following three rays are drawn from the wop of

the object.

L. A ray parallel to the principal axas after relraction passes
through the principal focus or appears to diverge from it
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A ray passing through the frst focus F become parallel
o the principal axis after refracton.

A ray through the optical cemre P passes undeviated | A
because the nuddle of the lens acts like a thim parallel-

sided slab,

8.3 Immge fommation by Lens

Lens Loeation of Location of Muature of inage
the object the image
7 1
Magnilication Keal Ercct
virtuwal inverted
Clomvey At Dty Al fogtas m = | Heal Fieveried
TR leow = 1§ dimintshed
Ay from 2 Hetween 1and 27 | Hal Inverted
e (u =20 Y ] dimmshed
A 2ariu = 20 At 29 (v =20 m = | Real faverted
same size
— oo | Between Fand 21 Ay from 2F m= | Ral Inverted
MOOf o2 e Fetp = 2 i (v = 20 magnificd
Al focus e =1 At infiniy m-x Rial Inverted
foe v = maenified
Between opticul Al adistance m= | Virual Ercet
contre and focus, areater than that mnznificd
u=t wfobject v > u
Concave Al indiniry At focus m= | Yirual Erect
\ T Lew = dimmeshed
g Anyvwhere botween Between optical g | Wiriual Erect
ifinity and centre and focus diminished
E optical centre
L]

sin A

Mininnen distance berween an object and it's real image formed by a convex lens 1s 4f.

Maxonon image distance for concave lens is it's focal length.
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6.4 Lens niaker's formula and lens formula

Consider an obyject O placed ata distance u from a convex lens as
shiown in fipure. Let its image [ after two refractions from sphierical
swfhces of radii R, (positive) and R. (negaove) be formed at a
distance v from the lens. Let v, be the distance of image formed
by refraction from the refracting surface of radivus R, This fmage
acts as an chject for the second swiace, Using,

e [ncubuit licht

0 C. I i
[T T
i — -y
u w *
[T 1. —|
Mo M B 7 e, we have
¥ u E
or PEEEERN: i)
v, ou K,
T TP T T
iﬂ[][! ll_.‘._l_-zg 3 I.l-l-'l
A R,

Adibng eqs. (and (11) and then sunphifving, we oet

l_l_:“_:_l”L_L
v ou lpl VR, R,

!

Y

This expression relates the nnage distance v of the image forned
by athinlens tothe object distance v and to the thin lens properties
{(index of refraction and radii of curvamre), It is valid only for
paraxml rays and only when the lens thickness is much less then
R, and R,. The focal length £of a thin leus is the unage distance
that corresponds 1o an ebject at infinity. So, putling u = « and
v = finthe above equation, we have

k!

1_(m L1_| g
f tn, {Rl R, -

If the refiactve index of the material of the lens is pand iris placed
i air, py = and gy = 1 so that eq. (iv) becomes

1 1 [
?={'"_”[R_]_ R, J Y|

This is called the lens maker s fornmla because it can be used 1o

determine the values of K, and R, that are needed for a given
refiactive index and a desired focal length £

Combining eqs. (iii) and {v}, we get

1 l=l )
v ou f ~()

Which is konown as the lens formula. Following conclusions can
D alrawn oo eqs. (iv) (v) and (vi),
1 For a convergimg lens, R, is positive and R, is neganive,

1

T .
= < | e, (V) comnes out a posinhve
R, R, ‘ 1 y

Thetefore,

(!

epeatiey aned of the lens 1s placed m air, (p— 1} is also a
posiive gquantiny, Hence, the focal length fof a convergig
lens comes ol 1o be positive. For adiverging lens however,
., is negative and B, 1s positive and the focal length £

L onuies neEalive.

|"Il_ ._l,."-'|| |:]|| R.I ™ l]
_,_..u-"”, =0
. I 3
( B L
K Ry
=
¥

Incident ligh oo
—

B.

g

-3

Focal length of a mirror (f, = B/ 2) depends only upen the
radins of curvahwe R while that of alens [eq. (iv)] depends
et . o Ry and B, This. if a lens and a nurror are munersed
in sonte liquid. the focal length of lens would change while
that of the mirror will remain unchanged.

i Suppose 11, <y in e (W), e refractive index of the
medivm {in which lens s placed) is more than the refractve

. ) TP
index of the material of the lens. then [ L] -1 | beconies a

H,
negative quantiry, ie., the lens changes its behavienr. A
converging lens behaves as a diverging lens and vice-
versa. An air bublle in water seems as a convex lens but
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behaves as a concave (diverging) lens.

.5 NMagnification

The lateral, transverse of linear magnificaton m produced by a lens
is defined by,

height of inmage |

W= — " _

height of ohject O
Arcalimage ' of anobject 00" fomed by & convex lens is shown
i flgure,

betehit of maege 5 W

Ilﬁmrnhjec: 00w

o f"n,

il N r |
~—=H

|+ u | y 3

Substiturmge v and u wath proper sz

m -1 v [—111—
_____ P,
o0 0 -u 0 u

v
Thus, m=—

1
7. POWER OF AN OPTICAL INSTRUMENT

By optical power of an instrunent (whether itis a lens, it ora
refractive surface) we mean the ability of the instument to deviate
the path of ravs passing threugh it IF the mstnunent convergss
the rays parallel to the principal axis its power is said positive and
if it diverges the ravs it 1s said a negative power

A

4\

The shorter the focal length of a lens {or a worer) the move 1t
converges or diverges light. As shown in the fipure,

and hence the power Py = P, as bending of light in ease 1 is more
than that of case 2. For a lens,

. 1
P indiopre) = —

——— and for a pirer,
f {metre)

=

F{in dmptzcwm

Follewvme table grves the sizn of P and [ for different type of lens

".'.I-.l ELAETCY]

‘2 COMBINATION OF LENS
[5F For a svstem of lenses. the et power, net focal lengih and
nmzmficaton given as follows
P=P,+P.+P,..
AR
B
0 =10, < Tl R

{11 Whentwo lenses are placed co-axaally at a distance d from
each other then equivalent focal length (F).

+—f—

111 d
F—E+E—Hm]di’=l’i+l’g-d]’,|’;

9. CUTTING OF LENS

(i A synuetric leas is cur aleng optical axis i fwvo equal
paits, Intensity of innge fonmed by each pan will be same
as that of complere lens,

(i3 A synunetric lens is cut along principle axis in two equal
parts. Intensity of image fonned by each part will be less
compared as that of complete leps. (aperture of each part

is y/ times that of complete lens)
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i =p A

_______ . Ay

10. SILVERING OF LENS

On silvermg the surface of the lens i belives o a muror. The

- ." e e
“m

b
fcal length of the silvered lens 1s L]
f, = focal length aflens from which refac non rakes place (mace)

£, = focal length of mirvor fromywhich reflection tikes place

A prisin bas tewo plave swfaces AB and AC inclinad to each other
as shownin fipure. 2 Ads called the angle of prism or refracting
angle.

1 L

The importance of the prism really depends on the fact that the
angle of deviation suffered by hight ar the first refiacnng surface,
sav AB (m 2-dunensional fpure) 15 not cancelled oul by the
deviation at the second surface AC (a5 it 15 i a paralle] glass
slab), but 15 added to 1t Thas s why it can be used m a specrometer,
an instrument for analvsing light into its component colowrs,
General Foromlae

In quadrifateral AMPN, 2 AMP + 2 ANP= 180

A+ SRPN = 1807 A1
In mangle MNP, 1, + 1, = £ MPN = 1507 i)
Fromeqs. (1) and (i), we have

r v, =A i)

I 11.1 Deviation

Dievianon & means angle berween ineident ray and emergent ray.
T reflection, 6= 180-21=180-2r

mrefiaction. 3=li-1|

: Refracted i
H (HAY !

" pneident
incident H ray
i Bulrmonal
| fua gy T

Toi prisa aoray of light gets refracted twace ene at M and
other at N ALM s deviationisi, —ryand at Nitis i, -1,
Ihese two deviahons are added. So the net deviation is,

=fly, -1 = (- 1) = (i, * L) (1, + ;) = (i, +i,)-A

This 6=(1,+1.)-A L)
; sin i, _
(1) I Aand i arvesmall » | = —— therefore, ) will also be
sin T,

simall Hence, since sine of a small angle is nearly equal to
the angle is radians, we have. i, = pr,
Also.A=r, + 1o and so ifAand r, are swall 1, and i, will

L

also be small. From 1 = AN

sin T,

. We £an say, i, = ur,

Substitunng these values in eq. (iv). we have
S={ur+ ur,}—A=pulr +r)-A=pA-A
ora=(u-11A LY

(if) Mimi o cleviation 3 It is fovnd that the angle of deviaton
& varies with the angle of incidence i, of the ray incident
on the first refracting face of the prism. The vanation 1s
shown i fipure and for ene angle of modence it has a
munmum valoe & . At this value the ray passes
synunetrically troueh the prism (a fact that can be proved
theoretically as well as be shown experimentally), Le. the
angle of emergence of the ray ffom the second face equals
the angle of incidence of the ray on the first face.
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Y

nm Provesmsmnnnnesrier—"

|.| ) l: |I
N —r
L=1, =1 va)
It therefore, follows
[ =I,=r AT
Froam eqs. (i) and (v}
A
r=—
2
Furtherat, =5 ={i=1)-A
. ATE
or | S LAV
sl 1
KL =-3
sin T
-,||1| @-]
or = — e ]

11.2 Conditlon of ne emergence I

In this section we want to find the condition such that a ray of
light entering the face AB does not come ont of the face AC for
any value of angle 1, i.e., TIR takes place on AC
L +,=A . L,=A-T
or ":1-_"1'|:'|.:Lu= A= {ri}l'.ﬂ.\ )
Mo, 1 will be maxinnon when i) is maxinnun and maxinnm
value of 1, con be 90°.

siry 907

sinfr,)  sifr)

Sill. h: LI“ —

Hence, 1=

5111 [:'l '|=m1 =—=smd . (r),, =0
L

From ec. (Xh () = A0, (XD

Now, if ndnunum valug of o is greater than 0, then obviously all
vahes of r, will be greater than8_and TIR will take place under all
conditions. Thus, the condition of no emergence is, (r,),_ = 8_or
A-8 >0

or A -

B_ .
- (xa)

I 11.3  Dispersion and deviation of light by a p]'ism]

White light is a superpesition of waves with wavelengths
extneding thronghouet the visible spectim. The speed of light in
vagmun is the same for all wavelengths, but the spead ina material
sibstanee is different for differemt wavelengths, Therefore, the
wdex of refr action of a matenal depends on wavelength. Inmest
araresials e value of re fracnve index p decreases with increasing

winvelenetls

Redd [ tovll annan )
WVilet (410 ]

Ifa beam ofwhice light, which contains all coloirs, is sent throwgh
the prism. it 1s separated o a spectrim of colowurs. The spreading
of light mte 1s colour components 1s called dispersion

11.4 Dispersive Power

When a beam of white light is passed through a prism of
rransparent material hght of different wavelengths are deviated
by different amounts. If 5. 5, and &, are the deviations for red,
vellow and vielet cnm}muent.{:heu average deviation is measured
by &, as vellow light falls in berween red and violet. &, - 3, is
ealled angular dispersion, The dispersive power of a material s
defined as theratio of angular dispersion o the averape deviation
when a white beam of light is passed through it. It is denoted by
e AS We know

G={p-1)A

Bed
Yellow

Wil
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This equation is valid when A and 1 are small. Suppose, a beamof
white Light is passed tmrough such a priso. the deviation of red,
vellow and violet light are

& =(n-1}A. & =(p -1JA and & =(p.-1)A

The angular dispersion is & - § = (u, — p)A and the average deviation
15 5, = (i — 1) A Thus. the dispersive power of fie medinm is,

. — M,
", -

M= ]

12, MONOCHROMATIC ABERRATIONS

IN MIRRORS AND iENSES

(INDEPESDENT OF VAVELESGTE

Spherical aberration & Decanse of the Gact b all ravs are not
paraxial. The unage of 2 powntobyeet fomeed e a sphiencal wimo
is a surface, whose 2-I2 view is called a ‘caustic curve”. When a
real Lmage 15 seen on a screen and 1he sereen s noved orvarnd
Backward shelily, a dise nonage 15 fored winch Tecones saallest
at ene position, The periphery of this smalles dise s called ‘the
circle of least confusion”. [ enses too exhibirc <phicrical aberration.
We can reduce it by blocking non-paraxial rows Bug lies rednces
the brighmess of the image. A nng shaped black paper s affixed
on the lens so that enly these mys pass Quroueh the hole™ i the
ring, which are paraxial. Parabolic mimors do et exliabal o
spherical aberration, hence all expensive reflecnng telescopes nse
parabolic numors.

In lenses, spherical abemration can be reduced by wsiug a

cotbination of comvex and concave lenses, which cancel ot
each other’'s abermatons.

iIII.I_I_.:E ul P

Coma can be reduced by carctully working owt the cunvature
funetmon, o by blocking off the mayvs tiat create the “taal” of the
comet shaped miage.

& Astigmatism : The shape of the image isdifferent at different
distances. Suppoess a point object 15 placed ofl the optical
axts of a connverging lens. Then, as a later] screen is moved
along e axis. at one pont, the ioage is almost a line. At
olier posinons of the screen, the image changes into an
diflerent shapes at dudlerent locations of the screen.

Astigmatism can be reduced by using non-spherical
surfaces of revolonon-sueh corrected lenses are called
alastipiatic’.

® Cuarvature : Consider a point objeet placed off the optical
ants ofa lens, We hove seen that image i spread our laterally
as well as longitndionally, wath ndividual defects in each
chirecnon, However, the best unnge is ebtained on a cirved
siwface and not on a plane screen. This phenomenen is
called "curvatire’,

® Distortion : A square lateral object has muages, which are
either ‘barre]l shaped” or ‘enrving n” as shown. This is
because the lateral magmbication self depends on the actual
distance of a porton of the ohjeet from the optical axis.
These different mapmiicanons of diflerent pertions produce
this affect.

.

- - ‘:H"::\;._&u_i_ ]

= T

—
e

T Iy
T L

riwlwld

Conw : Consider a poant object placed "off™ the optical axis. Most
of the rays focus at a single point, but others form images at
differcmt points so that the overall image is like tat of a ‘comet”
{ ) having a sharp *point” image followed by a trail like that of a

comet.

Cibjarct [Hisrorted 1masnes

13. CHROMATIC ABERRATIONS IN LENSES

(DEPENDENT ON WAVELENGTH)

These abermations are absen inmirrors. In lenses, the focal length
depends on the refractive index, which s different for different
colors. Hence, colored images are formed at differemt points if
white light is anirted by the object. A proper comnbination of convex
and coneave lenses exactly cancel out each athers chiromatic
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aberration (for light having two wavelengths only) so that the
T ] acsage 1s ot splitmte colored images. Such a combination is
called an ‘aclwomatic doubler, The distance along the optical
axis between images of violet and red is called *axial or longimdional
chromatic abermation” = LC A (sav):

For an meident paralle] beam ofwhite light, inage distance = focal
length From lens-makers fonnulae;

-dff=dni{n -1} = &= dispersive power oflens = (n, n )= 1)
= [ CA= Af = of For two than lenses 1o contact, (L'F)=(1 'f'l ]+
I[l'!'!}. Therefore. dF = 0 = mj-'[. = —m:'f: — aclwmmatic lens. An
aclromanc ‘donblet’ or lens combunanon can be made by placing
twio thin lenses m contact, with one convermug and the other
divergmg. made of different matermls.

For lateral objects, images of different colo: s live different sizes
as magnification itself depends on the focal leweth, which is
different for different colors, The duference w e size of lateral
images of vielet and red colors is ealled “lateral cluematic
abemration’.

14. OPTICAL INSTRUMENTS

14.1 Simple Mic roscope or Magnifving Gliss

Asimple microscope isnsed for observing magnified images
of nny objects. It consists of a comverging lens of small
focal lengtl A virtual, erect and magmfied mnage of the
olject is formed at the least distance of distiet vision from
the eve held close to the lens. That is why the simple
microscope 15 alse ealled a mapgnifiing plass.

| T,
i e *-.__Fl .

B
»

Mammifying power of a simple microscope 1s defined as the
ratie of the angles subtended by the nuage and the olject
on the eve, when both are at the least distapce of distncy
vision from the eye.

By defintion. Mapnifving power m= E L1}
o

For anall angles expessed in radians, tan @ =0

o= panoand §o= tan i
tam [

n=— "
finme o -L2)

AR

1 AARC, np ==

[ AAH [ o

. RO

Tt CB'  CB

[aring in (2], we get
AR CH CB' -v s

L = “ = = —— = A3

CB AB CB u u

where, CB' = —v, distance of nnage from the lens. CB =—u,
distance of ohject from the lens

il

1
From lemns formmla, —=— =<
v u f

Mulnply both sides by v

v

L]

ing (1), 1-m hd
unsmng (o), -l =—
& r

v
0 m=1-
' f
I d !
Butv=-d, - m= l1+FJ
14.2 Compound Microscope

A compound microscope is an optical mstrumem used for
observing lughly magmified s pes of Gy objects.
Construclion : A compeud microscope consists of two
converging lenses {or lens system); an objective lens O of
very siall focal length and short apermure and an eve piece
E of woderate focal length and large apermure,
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Mapnifying power of a congound micoscope 18 defined a=
the ratio of the angle subtended ar the eve by the final
image to the angle subtepded at the 2ye by ili2 object, when
both the final imape and the object are simated at the least
distance of distinct vision from the cve
In figure. C,B" = d. lagie the olject A 1o be slufied 1o
B"s0 that it is a1 a distance d from the eve. If2A" C.B"
=[and .»L—HCI,E"; er, then by definition.

Magnifying power, 1w = E A
o

For small angles expressed in radians, tan 0 = U

d =tancand = tan b

I
From{l}). m= -dn-[ﬁ L20
tan
InAAB"C.. tanfi = Gt o
1 B
" tano = L L
InAABC. C.B" C.B

Putting ini {2} we pet

BLCE B _H
C,B" AB  AB

m= ll‘.lIr - I1'I|.|

Ry

where m, = magnification produced by eve lens,

A'B

AR v C
and g = B wiagmification produced by obyective lens.,

7]
MNow, I, = 1+IT

h, L

whered s C‘I,B"= least distanc e of distinet vision, f is focal
length of eyve lens, And

A'B distance of linage A'B' from C,

m, = — :
" AB  distance of object AB fiom €,
on vy
B -y

Putting these vahies i (3), we get

-
=0
[ 11,

=0 |1;‘l_.

=14

1+ i
P AN

L

A the obpect AB Lies very close to F, the focus of olyective

lenns, therefore,

i, = OB = C T, = [ = focal length of objective lens

As A'B s formed very close to eye lens whose focal length

15 also short, therefore,

v, =C B'= C,C, =L = length of microscope fube,

Purmag i (4], we gel
L{ d | ]«

111 = 1+ :—-—[1'7
L

d

[ 143 Astronoimical Telescope l

Anastronomical relescope is an optical mstnunent which is
nsed for ebserving distinet image of heavenly bodies like
stars. planets etc.

[t consists of tao lenses (or lens systews) the oljective
lens, which is of large focal length and large aperiure and
the eve lens, which has a small focal length and small
aperture. The two lenses are monnted co-axially at the free
ends of the two tubes,

However, in astronomical telescope, final image being
imverted with respect to the object does not matter, as the

astronomical oljects are usually sphencal.
Mapifying Power of an astrenomical telescope i nemnal
adjustment is defined as the ratio ofthe angle subtended ar
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the eve by the final image 1o the angle subtended at the eye, ZA'CB =a
by e object directly, when the final noage and the object Furilier, let #A"C B" = p.where CHB"=d
boali Lie ar infinite distance from the eye, 5
By defininion, Magfying power, = a ES]

Mapgnifying power, 1 = g (13

As angles o and [ are small, therefore. @ = tan o and
= tan fb,

F 1}, m —ﬂ ™
ram (1}, - e
InAA'B'C,, tanp= AR
y (" H
T .3.5'.']3'(‘!. tano = -{—_
-1

Putin (2}, m = ﬂ'.ﬂ. EE _ B

C.B AR C.B
m=—= 8

where C,B'= 1,
(':E' =—f = focal length of exe lens.

= focal length of ol cctive lens.

Megative sigm of i mdicates thar Gnal toage s mverted

MMenory Note

(1)

(i}

Iiv nommml adjustinent of telescope, distance between the
objective lens and eye lens = (f, + £ ).

Angular magmification produced by the telescope — oo
Cleatly, visual angle B is nmch brger as congrared 1o o,

Figure shows the course of rays in an astronomical
telescope, when the final mage is formed at the least distance
of distinet vision (d) from the eye)

OBIECTIVE LENS

ETE LEMS

Mapnifying power of an astrononical telescope 1s defined
as the rato of the angle subtended at the eve by the fiml
image at the least distance of distinet vision to the angle
subtended at the eye by the object at infinity, when seen
directlv.

As angles o and P are snall, therefoe. f=tmpand o =tan o

tan

From{4), m= —— 5)
T
In AABC m"ﬁ-'—H
N C.B
’ [J!IIII—A. :
In AABC,, : CB
- . A'E' C,Bf
Prting m (5}, we pat C'B' AR
- CLB’" I,
. ~(6)

wlere € B'={, = focal lenzth of ebjective leus

f"_H =-u, distance of A'B", actingas the object for
eve Jens

- I 11
o, for eyelens, = == = =
v u f

Takingv, = ~d, u=-u and 7=+ f, we get

LI S
SHIES R |,
¥ 1 t["l t"_]
m £l d
— L, 1]
Putting i (6). we get m = ——Li+— |
f, d |

Discussion @

(M

As mapnifying power 15 negative, the final imape in an
astronomial telescope 1s inverted Le. upside down and left
furmed right.

As imternediate image is berween the two lenses, cross wire
{or measwring device) can be used.

In normal setting of telescope, final unage is at mifiny.
Magmifying power is minimun.

When final image is at least distance of disnnet vision,
magznifiving power is maxinmm. Tlns

—

(MP)_ =- }

fa
— [ (MP = _‘ﬂ Pl
[fj t i £ d
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