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every day may not be good,
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9. Ray Optics

Ray 4 Ray Optics
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normal
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Laws of reflection -
i) Angle of incidence 4 equal 4o argle of velection.
[ 2t = Lr]

(1) Tneident vay (0A), relected vouy (o) omd mormal
(ON) to +he an:'xyir('ror,,a,u#l(f_ in ﬁSamg plane -

Sphavicod Mivrors -
A spherical mivroy Wb o part of a  hollowo
:‘srw, whose ene aide i reﬁed»'fna omd “othex  side.
opaque -

(1) Concave wmirvoY —

whose. t—etlcch'rs Suweface JA
wi-ich e miroy

towarnde the centre of the sphowe
Js a part: As Shown bin -glawx (a )ob

- ~

(2) Convex mirrovr —

whose retiec_-}i'n Surface 4
aw ﬁru-m the centre of the Sphare of wohich e
mirferf w o Pw.;}. As showny n fa:uu. ).

Some Impovtant Terms

(i) Centre of Curvotune (c)-

The Cerdve ot the sphere. of which Hhe minor
ms O pard A -Hu_a-rdve.ogc_wova.}w.
T+ as vepresented by “cC’.
(i) Raclius of curvature (R)-
The vaclins of the sphase of which +he
mivvoy forms a part b called dhe vaclius of curvature
of +he splw'..ma.l R/ YYOY -

I+ & Aepesentes] by R




(i ) Vertex ov Pole -

; TRe middle point ov cewvhe of +he sphevial
Moy J4 Collud verdex or P°'f—'°t Hae mivvoy-
Tt L fapresevded b'a P.

Uv) Principad focus (F)-

T+ Ja o pomd on Fhe princpal axis of
the mirvor at which vous imciolnt on Hhe mivor in
a divechon parolldl do He paindpad axis actually
met ox appear dv cliverge afden reflection e the

miYvor.

w) A-na«lw\ apertune -
The amgle M CM, ; Subtended at C bU He
by the dlamete of +he sphendcal mivoy J4 Calluot

(vi) Paincipal axis -

The Atrod L Jm'niﬂa +Hhe pole. omd Ahe
centre of Cwuaduke o thudcod mirvoy exkended e
both sides < cealled gﬂﬂc&pa\) oxis of the miror.

Wiy Paincipal Section-
A section of the sphaical miror ik by a
plane Pauvsi-na -Hnmu.aln pole omd cendve of cwwaturs
the oy Wb Cadled paincipod sechHon of he

M iYYoY.




Concave mimor Convex mimor
? ol

Principal axis Principal axis
[

P o

focol |

length

*  The olatomee of painciped cus F fromn 4he pole
the spherical m‘:émr RO cn.lu’c;l focal £

S

New Cantesian sian Conventions -

(LD Al He ldtances ane mrasused o pole LPD of
Sphenical  mirvoy.

(@) The tdomas measwned I Hae clivechion of incidence
:é Luaid- ake faken as positive and +he olidtances

aswusl in a divection ‘opposite do the clivechon ofy

inciclmee. of L‘.akr are. dakan s ive .

(3) The Azighds rmeasunsd wpwards oand perpendiculas
Jo the piimcipal axis of +he mimpr ane taken positne

amcl the heigihds meas Aownwakds are daken as
ngjai.vq.
Direction of
incident light
A
Height = F i "
(+ve) 7 the left (-ve) _m’
x B 75. P X
Height
downwards (-ve)
A




Relation between f omd R

Concave Miyvror

Mirvoy

Convex

¥ The focal Jength of a Comcave or Convex miTvdY «4
equad 42 holf +he vacluws of curvatuse of the minor.

f

Some Important Rules

Rule1-

Ray parallel to principal axis will pass through
focus after reflection

Rule2- ?

Ray passing through focus will become
parallel to principal axis after reflection

c
Concave Mirror Convex Mirror Concave Mirror Convex Mirror
Rule 3 - Rule 4 -

Ray which passes through the centre of
curvature reflected back along its own
path.

Ray incident at pole is reflected back making
same angle with principal axis

5 >

Convex Mirror




Mivvor Formulq fov Concave Mirvoy

Mivror formula W a Adedion behvean focal
Lmaffh o} He mivror ond dlistances ot ob\]ed— amd image.
ﬁmm Hie minov
(a) Real Image -

Let om object AR Ju hald perpendicular do the
P&incipal oxis ob +he mivvoyr Bz,a,ond .

A of L Staah A omd imcidend
on the mim odoga A%idqum'nahm P»anapiu axis,
6d_s ratkcfed ?n the miror omol passes thvo F.

Anothes o AL incident aleng AP Yid
mb!edzd along ;:",Swéh m /_APB = L1 .-?LBPR':LY

The Awo vepectes! actu meet at A' which

A veal image o poimt AY A thi storting Fom
A omd ima 601\ +he mivroy al ﬂ::u‘/fo.lu n g
on the mirvor omd retvace its > meeting the Fwo

reflected yoys ot A
. Fom A' draw A'®  perpendicular on the prineg
axis. Thenejpre A'G' is veal , 'inverted image oé'm%fal
fm-mcd ba reflcchan Hom  the  Concave minor:
As A ABc omd AA'ec oane similar, So thodt -

A . cB
A'e! ce @




Aaafm s A aap omd AAR P are Aimilas, So thed-

AR _ PB =
Aa T Pe @
Fon ¢4 O ond eq @) we get-
ce - PB
== - F@ ©)
Ba mm.aqu?a,u distanas prom P, we have -
cB = PB - pPC omd ci = PCc- PB
fmm : PB - PC - _PB N
eﬂ@ pc —ra P @
U.si-nz new) Contesion s;‘?n Converndiorys , we Gt -
PBE =-U, pc = =R and PE = -v
sSo wo_a.d—trmes,.@,mq-
—U+R - U
-R %+ V —V
or UR — UV = UV - VR
oY UR =+ vR = 2uv
by o(.wioun?- both sicle by WVR ,ive ged—
Ao w3
v u R
R J = R
Voo B s Jeug

I+ b the required mivor formula.

(b) Virtual Imgc =

ohen No}dec}u)\ud n Ja Concave.
mivvor between tHhe pole P omd PAINCIP focws F gf
the mirror, thon the imog afmmt.d @ virdual, eveck
ond majmfted as Ah.owﬂ n



A ="
Ed
// 54
/ Vi it asio -
[o] F B P B’
-
— U— U ———¥
As A ABC omd AAdc arne similar, So thodt-
AR _ cB
A'p! (=Y ®

Aae&n at A Aap omd A AR P are Aimilas, So thed-

A = P2 @

A Pe
Fom €9 omd eq ) we get.
= * 5 ©)

By rrumuhin? all oiutamces fom P, we get-
crp = PC - PR oand ca' = pc - P
PC— PB PR

PC + Po' P!
Usiﬂa New Cosdesiom  sign Convenhens -
PR = -U > Pl = +v , pc = =R
Haen =R+U o o—u
—R 4V v
or UR — UV = =VR =+ uv
UR + VR = 2uV

.Diviau-n% both sides b\d UvR , we a,u_

0 L. g &

v T U R
141 = L I;f-law-ren\uiren(
v u R mivyor jmmulq




Mirror Fovmula fev Convex Mirver

The e o{ﬂqcmvcxmuwm' al
vicduad amd ‘emﬁ, wfbl«;#nxva. b s pasi tion %M%«ﬁ

A vouy of Jfaldmg A omd Incident on
the miyror along ADY in a_diveltion paralld to the Pnnopd

axls 4 ve kdeo{ along DE- On pyoducing back, DE appers
4o CGome 3 a

Anothen. 1 A Incident en +he miror
a.loni AP da rej%gg adang PG such -hod ™
LAPR = LUl = LRBRPG = LY
& Pwrocl.uun  baclk | PG medds DF ot A'. TRewjpre
A vivtual imoge o A-

A dHalad rvu/ imcident o Hae along A
falls mmqu,, mirvoy and re;‘:,t\'c’;Am "ire rg:d-hc
o weflecton’ This aJ.so cppeass 3o Cevme Hom A

Dvow  A'e perpendicular do pamcipal axis.

Theredove , A'e' o4 viktued i'rnoat -ﬁu_Pbed- AG
q,b’fu.. rgﬂechm at e Convex mirdy:

As A AaC and A A'd'c arne Aimiloa, So +had -
AB _ cB

Ale T c@ —®
de-.ma,s A AP ond A'Bp are Aimilar , So -
AB  _ pp

Ad T _®




Images Formed by a Concave and Convex Mirror

Position Position Size of Nature of
of object of Image Image Image
Concave Mirror
At infinity At Focus F Highly diminished Real and inverted
Beyond C Betweecn e Diminished Real and inverted
AtC AtC Same size Real and inverted
Between F and C Beyond C Enlarged Real and inverted
AtF At infinity Highly enlarged Real and inverted
Between P and F Behl.nd the Enlarged Virtual and erect
mirror
Convex Mirror
At infinity At focus Highly diminished Virtual point size
An_yw.here o.n oo ol Diminished Virtual and erect
Principal axis & focus

Image Formation by Sphocal Mirvoys
(1) When object is placed at infinite (i.e. u = «)

Image — AtF

Real

Inverted

Very small in size
Magnification m << -1

L

(2) When object is placed between infinite and centre of
curvature (i.e. u > 2f)

Image — Between F and C
— Real
— Inverted
—> Small in size
m<-1

—_—




(3) When object is placed at centre of curvature (i.e. u = 2f)

Image
— AtC .
— Real F P

—s Inverted B e N

—_—m==-1

A

(4) When object is placed between centre of curvature and
focus (ie. f < u < 2f)
Image
— Between 2f and o«
—> Real
— Inverted
— Large in size

— m>-1

(5) When object is placed at focus (i.e. u = f)

Image
—s At oo
— Inverted

(6) When object is placed between focus and pole (i.e. u < f)

Image

— Behind the mirror
— Virtual

— Erect

— Large in size

m>+ 1




Convex mirror : Image formed by convex mirror is always
virtual, erect and smaller in size.

(1) When object is placed at infinite (i.e. u = o)

—
— Very small in size
—

Magnificationm << + 1

(2) When object is placed any where on the principal axis
Image
— Between P and F
— Virtual
— Erect

P
— Small in size e &
— Magnificationm < + 1 >




Linear Megnification of a Sphenical Mivvor -

Lingon. codion oy Sim m i
6\ Spheai caJ mirvoy fd +he radtto btgia,u nfv an
5nr-med (c]: the mivvoy d the Sizae of the chq-

W = Size. ok imoge ( I) - Ae'
Siza o} okjeet ( 0) AR

We assume tHhed 0 Us s positive.
Magmf,cahon (M) will be +Vve whan I w4 +Ve

(le. L’rnage i< crcd) onmd m  will be nea.cd—we_
Wwhen I 5 Jda m(Tod-we. (le. imege is inverted ).

For beth Cencave omd Cenvex mivyor we Know that

An _ pg
AG PG

In Cose of Concave mivvor , when
bmoge  formesl Jds real
Ae = -1 , As=+0 \

PR =-v , Pa=z-u
-I ==X = Vv B .
o  -u U ¢ s i
7 = I = V A —f
v M = =8l S
) w
meEc ]| - :
—u——
Note -

() When m>L , m oge. tn'meol ua enJMﬂed
iy when mglL , r-mcl.ge jovmenl s Sliminished.
Git) token m s pesitive , rmage must be evect (le viviual)
Uv) when m i negative, image must be inveried (ie real)




Practical Applications of Sphevical Mivvovs-

(1) A convex mimror s wsed as a vejlector n
Sheet lemps - As a seaudd | Hae bsart\:f HHha
Lamp cliverges over a large arsa.

(i) A Convex mivyory Js usesl as a crverns minor
n all vehicles Like cant omd scootens etc., for
dooking ot +he boffic ot the rean of the velicle.
Such mivvor how a much wioler fidd of view as

4o o plne mivvor or a Cewmcave wmivroy.

The jmages fovmed are  Amallin omel ercct.

Gii) A Conmcave mivvox Ju wed as a rzgedor in seavth
uz;ds » head lights of motr vehicles, telescope , Solan
cbokens etc.

(iv) A Ctoncave mivyoxy s also used oas a shqvv'na mior
o make up mivvoy as ot can form edeeck and maynlf:al
L'mo.ﬂe-

¢ &




An object s

Cose the tmage
;nf‘

aceo] 18 Cm. in nt a mixor.

.ifljformed_ at 4Crt1r.p-fn :t.t. rigid

the mirror, calcwlate s focod Longth . TIs the
WYY Convex oy comcave ? tahad i

ofy Hhe i-_ma.se. ? hodt s the yvaoliva of Cwuaduse

ob +he mivvoy 2

Sol- Here U= -18Cm.

fon L=l .
&
L L1 = 7
) y e 2¢
So F = 3¢/4 = 5.1y Cm:

As focal .Lmaﬂ\ 43 positive , the mivvor must be Convex.
The hmage 8 viviual , evect omd emaller in Size.

Als o Rt 24 = 2xs54 = 40.28Cm.



@, A Small condle 25 Cm iv size a4 placed 27em.

Q-pn-t?q Corcave mivoY of ¥ roius ok Cuwwvature
M-+ Al WWMWGWH\LM:M .sko!dcla

scru.n be placed in oder to recn.wc. a skmr
Dumk& +he noduwse Gmd Size o .

Comndle s moved closes -to +he m:mr, & wou!d e
Scveen have 4o be moved 2

sol: Size of candle (0) = 2.scm. 5, u=-27em.

Rz -3%ecm , f = Rlz = —18Cm.
As 44 L =L =% e
w 'V F % e s
Lo Aoap d o owd oy V= —54cm.
vV -8 27 sy

So the scxeen Showld be pPlacel at sy em. Hrom +Hhe
mivvoY 6n the 4ame sicle as e object.
Ty I -LASIZLOD'LMQQAMMMLIMOkgeMYw-

- I _. -v. - V
m = === = X = M
o -u u
= I = (-sy) -
—_—— = = 2 I=-50m
=z [=5)) =4 Scm

Minua &7{\ indicedes +hat :‘-rncgc G mveated!.

When Ahe Candle. s moved closex to  mivvor,
H sexeenn how do be mowvg wm[ 5‘nm Har. mivior.

However iohun Condle s a dastance Less Hhan
13 cm the. mivvor .,m e wuwd  would ke viviual
omol sckeen s not wequk as’ Hae vivtual image

con nol be taken en tw_ scyeen.

Use +he mivror equokion do Show that -

% (@) An ebject placed behwvean f and z_# of a
Concave wmirroy produws a veald |. e beyomd 2f.
(b) A Convex mirvor ol Pmoluws a virtual image

inclepenclent of the Locodion of the olz,ed
() An okject placad betwern he pde ond foews of
& Comcave mivvor produus o virtua) 4 enlmdcd imoge .




_é_’_‘.'(“)fwam'Hm -#--:-t—+t—

for concave mivvor J‘»(o omd U<o

S — Ao e X
Home 00 SVTe @ Vo

whoe  Jz2f| >lul 7 14|

> <o > v <o
Hence ima_ge forms or Hhe same Sl as Hhat of
ob\]cd i-e. Yveal imagc forms.
Mso [ag] > lul> If 1 o TE< @y < 1H

N [ O |
f] T3 <Tui Ti& < ©

.4 1 s ”
BT SR <0 > Voo
Hence imoge fovm beyond 24 on +he Same Side
of object.
(B) for comvex mivvor £3>0 omd u <o
1
So t+hod "_ir':"&/‘_\ilﬂ > 'é;‘='§'+lm
for # and U] 4o be positive
-\"/- >0 Henca v >0

Hence & vivtual fmege of ohject b fovm.
) Fovr Concave mivroy <o, u<
Hence ba mivyoy jownulq T
S ks ok
= ¥ = "1

Here (U] < | §) So thod -‘-t‘—-‘->ﬁ-l-

= —é>o or VvV >0




Herne +Hae ;ma.ﬁe, “d -fofm:.ol o RHsS °‘b miror
t-e. virtued image..

P (e x) A L
2 M 5, 3 w1

Hence Image  ua CY])W'LGQ_DI'

Work hard in
silence.
Let success
make the
noise.



I REFRACTION |

whon a beam of 3{«\1 ‘havdbna In one

Mmpwn+ wu.cl&um falls o ancther drant pasent ruclium,
C’b m 84_)5 rcﬁkc.-icol back lyup e fivet

Lum othes

t ?M;f exch to
medmm ves exs  in
'rVu_ oh-re.c-hu—n ofy P aouhm cb an ob‘quﬂy
(ﬂodev\;t- mb Lisdrt Hhont enters” the wnectium
cx.+ He hdace o -l:uro ediq - M phenomeng
‘l.ul_o! rebmc,hm °t L
%, T \eb\d‘
o'e,"-'~ P €
9 <«
Air i !
°
= %l
Y

Refractive Index -

The. vaho °b speed of gt im vacuum |air
do the speed of erf-w.medxmnmcdhdm
reﬁmchvc index (JJ) of & medium-

Speacd of Might in vacuum/air ()
Speed of lidkf in the medium (V)

When the Jight passes one. mecium 1L 4o
anothes mecium 2. the vepradhive inclex of meclium 2
wnth  vespect to mohum L da weaitten ar U, and 44

Collee velative rvefrackive index-
gy, = e s v = W1

M, /v A\
A medium wsith Iuat\us chve index i said
/+D be_ °P‘H clenser 40 Hie medium

with  Lowes. regrac,hve, md_-_x



¥ Rakachve index 3 a chenacterdstic pro
qum&gm » whose vedue olepencls Kpﬁm
ofy matesal “of +he ™Medium amd Hhe cColov or

qudeﬂa;m ob 1,;84,\1.
Laws of Refraction -

() Loheneven L goer o one muedium sdo another
+he trequnoy?gg L omd phase of u?wr do not
change . However -Hae velocity of L«rnr ool  Hae-

wcwuenad-h ob Jja,(d‘ c,lravv@e_-

(i) The incident veus, the f:,trac,feol vewy and normal
1o the inderface at’ the poind of incicdence , all Lie
in Hwe same plone.

(i) The product of fce;‘mc-ﬁve inclex and_sine ofy
of incidence /refractiom at a point in a medium
is” comstant

| Msini = Comstomt | - UiSinl = Masinly
It— ty=1L omol  Li = ¥, Hun
[ Misint = Masinv |
Py - Sint 1
S Ty = e

Whese ‘M, Ju vefrachve ndex of medium 2o writh wespect
40 medium 2. i b
* Thiza Law s alse callid Swell's Law.

Fmr He same value of a of inclolnce 5 the
CosE e of wfmciion in Hwee medlia A and C are

¥ 5%, 25" and as* respecti - Tn which mecliven weuld
the velocty of L be wimimum?
sel: From snell's law - M = Si_ﬂl'- a'ie:
SinY v

=2 V4&Ssiny fur 31vm i
Hence velocity of L X minimum M meslium A
as oma{; of vefraction is mimmum (1s°) .




Total Internal Reflection

DENSER MEDIUM
WATER (b)

O @t a point object in the clenser meclivm .
A T bt «UaN' .shh:i-ina
A" om

o oand incident nomm
aJona o XY parses Afjou'ai\t altrrg AG. My
Anothes imcidlent ad A, deviates a from
noymal ando.u r:;vmdzal alovg AB,- 'cJ I ::wy

refrachon Ua greaden thom omgle of i.nc.a'dmuc;‘:vl it
increases withy imcvease jn Hhe an?Je_ o} imceence .

For panticulon volue of ©=c, the critical angle,
the inddent vony 0A, 14 vefracted at Lr =96 onnd goos
aleng the inderface, a.,ln-na Are, .

Whan L > € as ¢or the imcident yay 043,
the rowy goes a.lona AaBy , asr ot is veflected "hom
intenface © xY. TRi& phenomenom J4 C Tetal Intewnal
Ra_jlcctim .

Total Trdernod Refiechion

It b the phevomenon of veflechon of Light
indo o dewer medium fvm an inferjace of +Hais dlenser
mediumn omd a rvareh “mediym.

Essential Concditions for total Inteanal Refeckion —
(i) uﬁ»\x shouwloel +Hmavel Fom a densger medium do
a Toath

medlium.




(i) Angle of inciclence im clenser meclium showld
be greaten than +he evihical omale for the pair
°(f' media In Centact.

Critical Angle (C)

The omgle of imcidence. im +he denses medium
Cowapa-nohna Fo which angle vefrachon n dhe
voowr mecliuvn IS 90" 5, U4 calledl eviticald anaAefor
the pody of medium M cevdacs.

I+ w2 l‘e.Prebehd’ed by ‘c' omd << valur clepends
on the nodual of medium in Contact.

Relotionn between Refractive index & Critical Aogle
when L= € » Y= 8d
A-pPlgina Snell’s Law at Az 5 UpSmec = AMa Sin 90

My = _ 1
Ma sinc
Q = Yoneh
a = _,L-
Mo ® Sinc b = clenae

As M cepends on wavelenghs , Hhore: enhcal
anaJe jor the Same pair e{; medium in mud will

be clijjertnt for clifferent Colows.

Applications oj Total Internal Reflection

(1) The bvilliance of cliamond -
The baillionc o:f— Slamond 4 duwe do total

intonaed w_.ged;m oE Light's M Afor oliamond is 2.z,
%07

Se thed~ criical ianond v indeaface o4
Calewlated o |
'

b = ifsinc da 2uy’



critical angle (¢)

todad
inteanal nj{!dﬂm s

The cliamomd Uy tut Suwitably so Mainlii?

eva‘vmwa the cliamond 4nm a jqu,f atan 9
readu. Han 24.4°. Thurefore At Suffers mulhpe to

-n:funod ﬁedﬂms at varows faws amd vemain within
+he oliamond does not Come out. Hence +he diamend
spaskies.

) Mimgg—
MIYO%&- s omn ufa:hc,al lusien colrud'\
ocCuns in cleaest on het summm dayL

obtc}s Suclf\ as a “tyee be Jrwertesl as ]b
free s on +he bank % and of wader .
om a het summes olm,, +uﬂPM_od'DU\J_ obaur

Ak Hhe susface of easdth Ja maximum. m uf:]:e)\-—
Louyu,& of our hqv 7raoLu olecreosin

ve Imolex
mcrzﬁgmg, ”“a"‘“% with Imua:d-l akove Hu_slﬁtau

\ cold aiv
~—_ (Denser) e

e ——— —

hot adr
(Rarex)



W A Posial il e B ot
<
a‘obsaw e medium benal.«-r?v Successvely

culas  layer whery 0mgle o —nadznu_
becomes 8rem+knn H\Z tgnaccd am b :
inteanad chion  occuwhs  and —Mw. o.[l reolkcfzd
ey rcachw H\.L observer alon

Come Hom L, Hae miryor im obr o

TAuA  invested "ma-g e Creades Hae
;mprmian ob rcfkd’im ﬁvmcaoé’;onduob i/am.

([&P) Tetally vgflec-tina gla.ss pAisms -
Thuse are Mzk* cm /ed pAisms  wohich

tuan the 1274\* +h or 180- are boseo!
j’? +he pAenomencn of toteld infernal réflechion of
M for 24 1-5 So +hat critical an
osd - Atk [nk e s u2®; T fotall mﬁfc,ﬁ
loss  PAISMS , Kz/je o} inciclence Ja ade” 45°-
e VP +han the Chfhc?J anlc of —Hu.
lass - e jrttesface. Hence the .Su.jv}n& total

infesned refection.

(u) optical Fibers -
Optical fibers cemsist of seweral -mmpr
ger Voo e o ferg W il g

with re-brac-hve L‘no(ex 5 m odead of +he ovcdler of 1:5.



The fibens ane Ceated with a +hin éhbé’
material ok lower vefracdive index of the oxd ofy ua.

Protective

cover
Cladding \

Core

Ligherey Total internal reflection
Ly fneident on ene end oﬁ Hu_ ‘bea. o
a small e en{vu +he Aiber o and
“’“d“i;‘ toted imtermal re Hcdnms insicde
I+ -évna”y Comes ou.{- ob Hiber ot dhe
OH’“'\ end , bexel ov Fwisted! in

fm’rn- Anel ﬂu,u 4 odmost o loss L
#hw%msm%mﬁ;m % S

Applications of optical Fibers -

() o COJ 7L1¢/u$ et ured I Aonsmissior) anol
ﬂ elechrical Signeds by Cc-nvo»hna-}-kun

bnr/s{: vfuh: lxa&d' snanad.s

(2) A bundle opticed fibeas Js Cedled Adtd
] fa 'fmrwmt an image. Hence It is tuc:l
n rnzdfeoJ cal examinatens of even e
maccess ble Pwds human boa(t/, as in enalasoopa

(3) Optical fibers ane used in telephong omd othes
tansmitting cebles . Each fiber Cam c upto 2000
telephone iwgu without much Loss °$’ :,m‘crwta




casE

@1 Codculede the Speedl of Light in o medium whose
ool aitical angle b 307

so) . We Koow thad M= £
- { Mot
Also M = E—:W-C C .= Crtcal fh-a*e.]
B et
v = .an[‘
Vv = CxSini,

V= 3x108x 3in3c® = L'Sx108m)g



Spherical Refracting Sunfaces -

A refach Surface which forms a past
oj» aks:L_W of tana nt néracﬁng materiod o Calld
a gphericad rcﬁ'ach’na susface .

Thene are two types of spherical refmch'na S feices -
iy Convex Sphericol wefrachng suadace -
T+ 44 Com vex dowaidlh rarey meclium Siole.
(i) Concave splwdcn.l 'rej-md-ina Suxface -
It 44 Comcave dowonrds +he vaver medium sioe.
X

Rarer Denser
[0 ()
P
PRINCIPAL
AXIS
Y CONvEX Y CONCAVE
© o
Tportant Tevms -
U) Pole (P)

The centre of Sphenical refwcting Sustface
43 cedled pole (P b =P prctTg ¥
(i) Centre of cuvvature (c)-
The Cerdye at +Hie Spkvw_ ot which +he

Sphericed repacting Surface b a part, W cedlec) Hhe
Cevidve ot Cwhaveatune (C)-
liin) Rackius of Curvatune (R)-

Recclius of the g op which Hhe Sphercal
refrac.ﬁn Sukhface U4 a Pt b Called vacdius of
cunveduie, of “the Sweface. Tt Ja rcf»mrueol ba R:



(iv) Principal axis -

The line pessimg +hvough the pole and the
Cevchre. o} cufvatwrne czzsphvdca,l refmcting surface ,
extencleol o eithun side o callid "Paindipal o,

New Canfesion Sign Conventions -

(1) All bdtamcws are meoduwred! Hie pole
o the st.ic.ed retmc.h'na Sundace

() The olatances weosured in +Hae olivecHom of
' imcidince o L are tokin ast positive omof
Hre obstamcesr meosuneel in a cureckion opposite +to
the direction ot incidence o} L(ald' ane taken oA
M_aodnve.

Assump-h'ons -

(i) The object comaibts w of a Pmﬁm?m

Hae i ‘ead
S%jq;:.jr.aupu axs of sp ca] re &
(1) The apertuwne o} sphMJCoJ msbmd%na Sux face 4
small.
(i) The ncident omel vefructed make small

angles with the paimdpal axis offl the sunjace.
So +had -

Sint % L
amel | giny v ¥




Refraction from Rarer o Denser Medlium at
a convex sphuical Refracting Sunface -

no:maLL(-’ an é&j{:ﬂtxifa:fm? émm P:ngdak%w

Another ray of .Ligkt Incidlent on XY along
OA ot LiI 1A rejmdusl a.lona AI ad’ LY, benobm

fowards the normal CAN. cted Taus ac
nwa.i’l,wkxchu'ﬂwrw:.m ok O.

Fem Ay draw  AmM perpendicular +o o1.

Let LAOM = & LAIM = B
amol LAcM = Y
. As external eofa'tmnade ery do sum of
internal opposite thercfove N AIAL
YT=1+PB o¥ T=eY-p } =1
s?milaud.«/ in Ao0AC 6= o4

Accoralina Fo snell’s Law -

Mysinl = M sinr

Myl = Moy ( amaios a;._,_muu)
us;ma eq D we gat-

M (R+¥) = My (v-p)




As omgles X , B and ¥ art &mall so wsing  B=tane
w-f_a,d-

AM AM _ AM _ AM
(3 - L) = ma(l -m
As v tuie the Spherical suaface (s Small, M s
close. #EP. There: % jﬁ
MO » PO MI R PL MC ® PC
s s ke 1o
o M; (po + Pc = Mz(ﬁ ?1>
A Mo Ma o My — M
Po PI Ee o
Using new Costetian Sign Conmvenhomi , we gei _
PO = — U s PL S VY 5 Pc = R

M) 4 Mz o Ma— M)
-u 1 R

This 44 the requived relakion

veANing ve 107)
o xortk do olenser. meslium a?oa Cmvix hericed
rejravhﬂﬁ suh(jau.t




Refraction From Denser 4o Raver Meokum

i Let o0 be a point object lot]iﬂ on the prindipal
axis of the gpherica) swiface.- 7‘ ro.g of bf.ar oA anrﬁg
(33 - 1

ﬁwn&r?wu;;%»e.re chng Sus
Afl. dsamyivmfﬁfn ‘wa

N
’,

Anothun 1 o 1;34/\' + op fabu novma.ﬂg on
the refmc;ﬁna su_f:gz, eA’ umdeviateos] 1rglona PI.

The +wo vefracted TouL AT omd PI actually
meet ot T, which 44 bwufore the real imege of
+he poimd object O-

IH L ooand v ane e WW(M of imcidnce amol refrackon,
then from snell’s law , we have -

ov MaSinl = MySiny
As Lomd v awe JSmall So smiai omd SmraYy
So My U= MY
Tn A oAC, L= ¥-a&
In A IAC, Y = Y+P
S0 Haad My (¥=a) = w (¥+R)

o A dww Am perpendiculan to oz -
A o'rUlu Gre Amall , So u.s}r? 0=tang >we go -



M —-—.-ANl "___AM = M| A
. Mo '[’Fa% e~

MC
oY M2 -,31—‘—_1_ = ,u,[i .,__]
Since eture of +he refrachng Sukface b Amall,
M 4A Sﬁcb P- b f[ d f
- MC ® PC , MO and MI 2 PL
L = | =

M’L[Pc —‘-——-] = /L'h[—-"‘ "’—-—‘
A«ppba«ina, TR Contesion S Conventiora -

PO = —-uUu ,PL =V , Pc = -R
,U'z_ + Ml = Mr- M)
-R




Lenses

A lense 3 a trarvpasent refvacting meckium
bound by two sphevical sunfacs o ar{amsph?mw surfac
omd the” other plane susdace.

Lentesr oo oluyjaled into two clouses —

(1) Convex ov Converging Lenses -

A Comivex lense is Haat , which 44 Huicker
in the mickle ond +Hain a:l--HM_ e .

1))

Ptano-Convex

(i) Cencave or )wu\amz Lenses -

. A Concave Llemse aa Hurner tn tHhe
middle emd #hicker at +he eclges.

X

Lens Lens Lens




ImPoY'thf teyms velatesdl 4o Lenses -

(> Principal axis -

T+ W inead ax a shm‘gkr Line possm
H‘W“‘a"" the centres “of cunvatune of Viuwo sunfqces of
a Lena.

(2) Optical Ccentre-

Seiped I{:.iAtaknnaquoi‘m ,lvin on +he
pramci axis So that a of Ak aming thogh
23 does mot su om dumﬁc?n :g::n Pits. P(jcd‘h ond
ot gou undeviated . w T +hout omy Loderad Lisplacement.

(3) Principal Focus -

_ wkmabmmotuwg}nddmfanq
lens m a olivection o the prindpad axis
omuns,H\ch:lQ%and{pn% tha
Lénk Converge o (il cate of Tonvexr Lens) “ov appear
do iverge. (“in case o} Concave J a poind
on the “pyincipal axis T Thia peint F is Koown as Hhe
princ pod focus of the Lens.

CF = § 4 prvindpald focal Length of +he Lins.

optcal axis OpcH oy
T :-‘:.ﬁ
———
focal point o
princpal __ optcalcentplel S\ F F optcal anwre _ princpel
o ' (Pincipel o
> | Fous) :
' '
. | — Q
R i
foca et (CF) Pocal gt )

) Apertuve -
whe of a lent i the effective clamedes
°f uts Li Mm?ﬂ:fng_ area.




Lens MakKer's Formula -

1t i o selation that covmects focod Lengh
a leny to rvadius of cwwatune of -Hae Hwo swrfaus
of the Lent omd vefrachive index of Hie matericd
of +he Lens.
The Lens wmaker!s formula b wseful
clesigming Lenses of clesived focal Len using suitable
mederial” omd sunfaus of suitable vadius of tunwdure.

New Cantesian sign Conventions -

(1) Al ollsfomces cne measwuwel fiom Hre OPh‘rAJ Cendye
of the Llems-

(i1) Al the distances musswud in the clirecHon of
indidence of U ane Fokan os positive , wheread
all +he distances measwrtd [n G divecHon opposite to
He ivechion ok incidence of 1134:\:!' arne takKen as

Ye .

(1) For a Comvex lanz, f J» pokitive omd for o

Cencave lenz, §f 'n.n_gcd’fve-

Assume'tions -

(1) The Lens is thin so that listancs mensuncol
the poles of Jdis surfaws can be taken c» ejual
to the clstanwes Hom the cptcal centre of the lens.
(") The object comzistr o a poindt Lying om He
Ph‘mdpbod axis of ﬁw_ﬂﬁn&o‘g i ¢

.t

(i) TRe apodure of +he Aent D3 small.

(V) The Tnciolent vy omd refracted vay make small
omgles  with +he “paincipal axis of Lens,




Devivathom of Lena Maker's Formula fov
Convex Lens -

In fl wae P, Po o Hae fulu, C), Ca @ne Hhe
Centve of " Cuavature of oo Surfacu oj a Huin Cenvex
lens xy “ecoith ePHCeJ Cevthe. ot C.

—u

T O
Covruiden. a Po—" la—in o the Pﬁﬂdpa} axds of
‘H\LLQM-AmAjoéﬂz‘d Stowh tuwnowno{;'ﬂa'dmf
norrally en the Suxface XpY ;ﬁna OP, Posses Aﬁnﬁa&d.
Anethr Yoo incidend on XPY aJonﬁ oA 4&
refracted aJcna AB. T} the lens madened weve Contmuow
amd there went no ALecond Surface XRBY of the luns,
the refrocted AB  wrouwld go stvou mu.:Hr)a e
st refracteo) ¥ od I,. Tharifore I, wowld “have
been a Teal image of © ]bmed aftfer refraction at XRy.

As the refrachon occuns o vaver fo olenser meclium
Se W Can writle -

-u Vv

M +)~lz = Moy M _ @

(whe CLLR AL = v , CORPEG = R

) coz:P,o:-u\

AchAa.UA(, the lenge material <4 not Condinuols
Thirefore el ched v AR suffers
refacHon at B omof enmju alena™ BT , meeh
qc+ucxl|;d+he_ajpﬁﬂdpo.l axis of I. T J44
tHre final weal imoge 05 formed ctiom
-Hwougq +he Comvex Ien.:ﬁ ’ fo R e




foy refrachor) at +he secemd Suweface XPY, we Can
vegaro I as a vivtual object whose real image. is
fo@med at I.
Therefore €1, % P2y = V) , bt CIV PRIV
ma It R be Hae rvodius of Cuwwoduse °b second
sw.,jqu Ob""vu. Lens.

As vefackion s mow taking plac from dender b
raver meolium , therefove - d

—Ma 4 M = Mi-Ma -
A\ \" Ro @

Adding e (D omd @) we get -
1

v ke < G~ 4)

o m[h-k] = ea-m(h -k

k= () 4

4
v
Put 242 =, = vefractive index of maderial with
! respect Ao Swirouncling medterial

jeet on the ltﬁ‘l’ of lens Ja ai iﬂf;ni.-ty,iwgg
ot +he principal Focus of the lens .
v = f = »fuccu lena-l'h of the lens .

Hon =k )

i ERTTRS




Lens Formula
Tt 4 a relotion behueen | lena#h q
lens ond olutonces of object and ij:gc $om o/:?;w
centre o} the lens.

(A) Convex Lens -

The | ed be real ov viviual
cu.,ocndi-na on #\.’o_m;?:i!-y{::f:f— %Tazgcd.rt Y

(1) Real Image -

AR 34 an object haold poz.fxndicudws_ to dhe
~incipal axis o -R{:c'len,s at a 'distance lpcac-nd fncod
LLnar‘Hn ob the nA . o xndid Ty

veo i-f1¢ ! V Ag ua
ed& ,magmft and imoge.

A

A
- ————
As A pdec omd A ABc ake A?m':)qA.,So

A'B' _  en!
AB <B @
again A Ad'F and A CDF aar gimilaA , So -
As  _ ¢'a
cDd CcR
al = |
= Se - Al ="l o3 @
gut cp AB ° ey —
from eq. @ omo @D we gt~
ca! = Fa! - _ca-cF

ca cF CF




Usi-na hew Contesion .S‘.Jr\ Conve ndiomd  _
Lt cB = -Uu cgd' = +v 5, CF = +§

A V"f

u T TE

vf = —uv +uf
oY uv = uj—vj

Divide. bath sides by uvf , e st —
1

f

(i) Virtual Image -

When the object AR da hed Elose 4o the
lens, behuveen) C omd F, the imoge A'G fovmeol by
Comver lems is vivtual, evect and magnified .

'
?*\‘\
e

SNA SSsg D
4

}
|

E F

<|-
-

| S—

—u f———a
—

As AABc ond A ABC are Almilak | So ethad-

In! !
= "8 —
Agein o A AB'F omd AcoF arxr Aimilaa, 2o Huak-
A, BE
cDb cF
But D = AB  So- _5|_B., :ﬁ = @

AR CF




ﬁ—vme—‘)‘@#@wc?u_

ca! - BF - cad aeF

(e CF cF
Using nee gign Conventiona | we  put —
B = -y , @ = -V _ eF = +%
- -V . -v+ o =
o = T or uv = uf - vf
o!ovioung both Siocla l°€1 uvf e gef -
L=l =L
f v u

* Lens foemula s the same whether imege is real
oy vivtual.

@ A Convex luws of refradiyc. index LS has a

cme focal Ao ofy iacm. ina&h-cdculai‘l.hdwgc

EEE N ,lu:{rh when &4 44 jmmersed in
of vemek

woten index 4/a.
Sol.  Ghve thet - Mg = L, "Mw = 4/
fl = 180Cm
< 1AM = LS & S
S Nl R
E, . ok
fs 3 ..(3(4-—1)( R R;.)

$a c(wmg-1) _ (s -1)
?l- ("M' -1) (34—: "l)
{2
A 4 2> 4, = 44,

J-;. S 4 X118 = 72C0m.
C—kamac in focal hnad‘h = 72-18 = S4um.

1]




(BY) Concave Lens -

In +Hus Cote, the imoge fovoeo i
adw virtuad, whodeveh be Hae poAition o} the

ebje
J Lq_'f C be Haa ophcod cerdre ond F be the
primcipal focws of a Contve Llend off focod length f.

A3 ds 9n object hald neliculon 4o Hw principal
axis of the lena. A vivtued . €vect omd smaller | e
A'g formed  Slue 4o rejmc)‘m Hwongh  Conca

lens.

A D
'/’ |}
I, l

B F B
q
u 1
v P

—f

As A ABc and AABc are Similan | So Hhed .

| P ] 1
Asg' _ cB .
AR B ©
Aaaun ar A A'PF ond A cDF arr Zimilan -
As - BF
D CF
B = Ae' _ @F s
wt cD = AR , So +hat oy — @
79&"1 equation (1D amel
ca' - gF . cF -ca!
c3 CF CF

Us;ng New) Coustesiom S.‘am Conventions | we et -
cB = ~-U > ey = -v cE = -4




._.\a/_ = f
$ = uf -uv
uy = uf - v§

Aeanide both sicles ba uvf , we get
| L

T TV 1

Tt 3 Hae rt:'w'veo! Lent fovmula

A double comvex lena o-b abws of v c)ne
J.:us

é@ indax 1.5 has Jds both Swefacr eual T
20 tm each - jpm a:bed °?5 hai bi:n

S ﬁ cwuatine ob
Fhuu:l atr d “distance ot l2.s cm
Caldwodkr +he &ize ok H\:_Lmage fvmual

S2l: Glven Hhod - R, = 30em, Ry= -30Cm , M=L5
Us;ng Lens maker's fomuh
+ - +D)(%, - = (1-:—1)(-%—°+ 4.

> ?—:_7:_;5 = f:-aof_lﬂ.

Given , U = -l2scm

a Usma Lens equation ﬁ- -f,- -tl-
= L = L X, T T,
> 36 v * 2.5 > v 2o 128
3 il = t2.5 ~-30 =7
v 12,5 x 30 Iso
= V = -IS® c..
4

- I

But rrnanif,‘caﬁon (m) = L =X

ov T = a"-xo s () vs

- |25
I = Lo = 8:'S& Cm.




Lineaa Mognification Produced by a Lens (m)-

. The Linecar mogmificodion produced by a
Lenst ua olefiruel as the. vatio of Hhe size of e
imege (I) Ao Hhe size of the object (0),

- Smech Tmege (A _ T
Siza o okjecd (AB) 0

In o convex lens, tohun
imag: med is real,as

shotm in f“aurc, Hhan- r D
i
Ala' . <8 !
AR cR NI F B’
Cc
Pir B
A k-
oY = = '
e 5 —

we assume thed 0 U always positive.
Mo\ﬂniﬁcuﬂm (m) will be +Ve when I W +Vve
(Le. imoge (s evect) omd m will be negatve
when T 743 megotve (Le. image is inverted ).

Note -
() when m>y, o‘maﬂe Jormed s enlw.ﬂwl.
(iy when mglL im&ge Fovmedl 4 iminished.
Gii) tohen m s positive , image must be evect (ie vivival)
vy when m i negative, image must be invered (Lo real)




Power of a Lens (p)

The a.b';.b:w ob He lens o Comverge & heam °b
Aa&d fcdln‘\a on Fhe lns Js colles! power of Lens,

e -

Tt 4 mesduaed as Hae reciproced o el
MMLU\A- TD b—‘lt" Wok

P= &
Acu-rd.ina to lens moker's formula -
= e .
:-t‘»— = (H-1) (JR‘] Ra

o P = (u0(k-+)

for q convo.,an‘ng lens , power i positive omd ~bw a
d.ivvt%i'n? lens , powen du negotive .

£ The ST unit of power s clioptre (D)-
1 elioptre -
e .‘Lf.iAMPowu.. of a lens of focal length
+ when F 15 in cm. p=?}'l;-=%°_




@) Find the vodius of Cunvatuse of comvex Surface
b 25 a plano convex lens, tohose Focal lemgth is oam
20\ Calz | M= 1S,

__éO_L- Rl = & - Ry = 2 P) f: 0.3m, M:z|IS
om0 (- )

4. =0 (d-%

-4 e S = loo
Ry T mEies T O
Ry = — ols m,

A Corver Jons maodle wp oy G ofs Yefmc}‘\vc Index
£ L's s dipped in tun, in
an (@) a medium of rejrachve index l-6s

(B) a mudium of refractive index I.33

will &+ behave as a Convv._a;n or a auvﬂ.a,'ma Lond

in the dwo coser ? d
Sol.  From Llens makerls formula

TR

¥ - an 4 1

= Fr(=-)Ew)
As Mg < M for the ﬁwsi medlium o} reﬁrnd'}uc
index 165
And Ty ¥ UM for +he Aecond medium o) refrmchve
tndex 1.3,
Hence) the value of focal Lughh f will be map&:'vz
N Hhe Frar medium 5 S0 the “convex fens behaver as
the dm».aing Lers for He ﬁ'u{ medium .
The Value of focal lma»n\ F will be positive Tn
the Secomd wedium , se Ha. Convex Jens behaver as
Hae c.onvo-.a—‘ma Lng for secomd meclium.




@ A beam o M Comverger ot o poind P. A

(ot Comaave  hens focal leem. A Phual

2% in the path of IhEs 12 Cm. -brvmng
Drow A % agram ond Find Hre” locotion
c:b‘ He poivtt atlwhich +he' beam wowld now

vth.ac-
sol.
U =la2cm
V = +480m,
f = - |& Cm,
Usina Jang fotmwh—
-L -1
I3 Vv
1.4
v T %8




.\ You ore Gw'en three Llenzes L, ,La and Ly each
€ of focal loom. An objeck In Kepd of Isom

7% in Front ok L1 os Ahown. The final real image O
ed at “the focus of La- Fin\ﬁl' Hae Aqnm;?.m
d‘\)tm L| ,L}_ ﬁfd L_'l.

t p A A
oed ¥ Vs

<ol > TR s
Solr Ry Leas L, TV,
Herne U= -15 tm  and J = 4loem So Haat
I i -
6 =% ¥ 2 vV = 3owm
Henee Dadtamce ub 'sma\ﬂe_ Hom L sV, = 3om.
Fox lens La S S
4 Vo U,
Hene Va =+]0 tm oo 2 = *loem:.
| CR CRg
So thad _J.T To U
{ VA —
7} = O = u3 = 0

The vejvacted r frmn Lona Ly becowmes alld)
Fo pldev?:ipol axis'.z*:r{— Js possible. onl Lokar:nﬁL
-_formcal ba Ly les ad fivst focus of La ie od'a
cisionce of Ioem Avm La.

Y+ sepahation behween L and Lo = 3o+lo =40¢tm.
TRe Uatomce betwesn L, and La mowy take any valug .




j Fmd the position of +Hre Tmaacfwmr_d of &,_gged-
@ © by the Lns combination given in 'th_fv‘awm'
f= lotm F=-10tm £ =30Cm.

e | A
L.
PR K= SCm—ye— 1om_\?

sol- for lns of focal Jen Joom - = 4i0tm, U=-300m.
Uslna Lbr\& j‘oimw‘c\ a’ﬂq
1 - _j_ —.“_ >

s~

F vV ou
‘\‘r = le- E V =Iscm
The imada Sormec] bg Fiast Juns acts as an vivtual
objed’ for  plano - cencave Lens.

Fov plano -concave  Luna -
u = Jotm ¥ ;F = =]0Cm

Hence ba wir\a Leng vfurmu_lq i

$obok s hekok
£ =0 > V= o®
The C*dfay becomes JoPﬂ'nuFd axis

Fov +Hae second Comvex fana -
Uz=-omn s f = 3ccm.

ba ua'mg, Hae  Juns jbrmudm-

i — o PO Ly |
o "\7 %4- E :'t?, TV TE®
-\!,- o é—o 3 V= 30ctm.

So te final image forms at a distance of 300m.
t"rom Haz second  Comvex Jlomd om e other side ot e




Combination of Lenses in Contact -

In varjous optical instruments , twe er weve
Llenses art Cembines! 4o
(i) Increone the mognificatm of +he imoge.
(i) make the fimal imo.ﬂe_ evect wiv-t. Hao object.
Lin) veduce centolvy clbeyvatbons (i-!- cl:.bec*s of

tmages by single lent )

To obtaim the posiHen, size, omd Mnotwre of
Hhe '—noxi ivr:gamnduual ba:kgccv:bb‘n;aja‘m Otd Lonzes,
we { ¥ A ] imoge e Y b
the j—;—:‘r&t f’,l.r\A 29 o < o ¢

Thia imo9e acts as an oblect for Hhe second

lens omol we its l-mo-ﬂe.ml ovred b
Hao setomd lens  Aenves as VHae o@jemﬁt\; Huir
lervs omd S0 em.

Focal length of Equivalent Lens -

(a) BoHa Lenses are Convex -
Ly La

r— u

Lat a poind object © be placcd on Hie Common
principal axis at a oistanee ocy = U. The lens Ly alme
wowld fovm its imege ab I' where 1 = V.

From the tens formula -

g —
it Tl < @

1" wouwld sexve s a vivtued olé}cc} for lens La,
rohich -fmrmA a final image I et distance Cal = V-




As the Lentes axe Hun, thoufove  for the lens Lo
U= 1 w1 = v
from tae lens :ﬁwvmudq for Lo _
Lo: mpdl. i b
v vt & -&
Adoli-na eq- ® omd @, uu-e_?,e}-
s meles (S e o
v u j‘,*j,_ @
Lot Hhe two levser be qcadbaa.smale,hmsgf
un%F wuchfo-r image I af Slatemce v
F{Yam och Mduhwcmuﬁmmﬂuhn&

e T — ®

v u F
ﬁmq@wﬁ@,ucad

LA T A

(b) One lens is convex and +he other is cencave
I+ 4 i the oced langth of convex lens
omd f, ut—foco.) Lan of Concave Llena, Hiem +Hheiv
equivalont focad len F wouwld be auven as -
= ol S B
HTE TR
There ore three Coses OSuse -

Core 1 :
= 4o ythan F =
Thae Combmadion woudd behav Like a plam, a‘lw Plate -

Cobhe 2

I &7 §a ,Hen Fods negackive.
Therefore Hie CombimocHon behave as & Concave lend,

Wheny focad length of Convex ler js Langer .




Al 3! . -

= I§ {1 <f2 then F & positive -
Therafore Hhe combination wowdel behave asa Comvex
Lens , whan focal Lngth of Convex lend is small-

Note-

() Tb < nses of focal len éa-nd £ are
b I
°f' H\n. Qﬁ nite olis u. 'H\L foead length

nt leruse is 3|v-er\ 3‘

:,__+___

1
F A ML

(i) To-th Power of any number of Lenses in Contact
wad

do Ha Jcbrmc 2um of +the Powers of
mc(-md«o\.! Janges .

L P = Py Py 4w an—l
+he Sum of the Avwms Siole s 1hive
-Hé. Jy&m ofjl—tn.ws woudd m’lﬁ"‘i&u Ca'n\;’:: =
* If +he Sum otmtuum on
Hae

sicle 4 negadive
system of “lenses  wowlol behavé as concave. ’

*x I

Tuwo thin lenses of power —UD ond 2D ane
g‘ﬁ:\ placed N Contact. Find Hhe focal ,Ql.naHa ofy Hhe
Cormbimation.

Sel - Net power of the lenses P = P, + P2
P=-U42 =-2D
'foca)lmai—h _-f:-é—
=4 = -osm




Pyvism
A P/u'sm is a partion of a —l’ranquurd'
medium boundlad by 3wo plane facs inclined 4o
othn at a Jultqbfe.
Tn W ABQP m\d ACRP are +he fuwo vefm-
chn faces . AngJe A bedween Haam s Hae retmc,hna,
a'nalc. oy Gna(e_ o-b Pusm

Cc
A sechon ABC 0‘5‘ .sm mede ba a ne

ot i Jo the Hae
i e, S me e e s
(i) Celewlation of angle of cleviation-

n f ABe ds prmcipal sechion o a prism
with ana‘lc_ ogw;,s = A.

A my 05 Li KL 15 mciolent on Hae face
% the pa L~ Tt 43 vefracked along LM ot LY,
bcr\olmg J'nwahds the normal N,O.
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UMESH RAJORIA

The Te\f-radcd o4 LM A4 incolnd ab Ly, on
facr Ac of the paism. It berds away fyom normal No
amd emerges alomg MN ot L.

In pasing —é-hm\ﬁz\‘ the paism Yoy KL suffers
two vefracHons and has fusned Huough an “LGPN = &,
which U Hhae angle. o duiedion.
I~ APLM, 8 = LPLM + LPML

& - )+ (ta-13)

8 (L+h) —(q+m) — O
In AoLm, LO +YL 4V, = 180 —®
In quacailoderal ALom,

As LL + LM =188 ( each qnak i 98)
A + L0 = 180°

Usfng equabion @), Lo+ % vy = A+
Y+ Y, = A | — ®
Put n eﬁ-@ I § = (L1+ia)-4A ] — @




Prism formula

In +he mimimum deviation posibion, §=i=1
As L’,:L',_ ,—H\mfore Ty= ¥ =¥

oy A+ 8m = 21 oy i:m

A raﬁruohv& index of the prism co.n.t air
snels Law,

sint 5 M = Sin (A+6“)

sinr Sin Ah—
Thia velation JdA  called  Prism :ftmvnuh .
¥ It Ja whed for acunsde determinodion °b vefrmchive

mdl.x of a -l:mw.}:cw.ni- medium o} which +L¢_ prism
i made -




h Aight passing though on  equilatenal
o u mmi deviation
sh) {—nqna«ulM aJ-ws from nauaou o

incidence. s 34 of the e of
P}u.sm Cadcn.dq;le the speadl of L In the prism.

—S/D‘} Whon  prism s G\o\JM{ca' ot ana4c 0-25 minmmuyl

davioion  +Hhen - _ Sint
M= SinY
whme. v=LH8- = 60"  _ g,
s 2
and {=2A =3x66 = 4s°
4- a
> - SMmas _ YaE - &
Sin 30" L/
Bud refrachve index M =8 %—
vV = -%—- > -3’3’.‘_,'_.(-’— = '2.-17(103111/5

'T'mue.'l—kn.Podh of a vy of L?Mpwtngﬁmqh

Ltgf a glass r}usm ABC ab Ahpn in
%>

e ive inolex ob +he ) Find out
e vodue of the amale, ofy emu.amca From Hhe
prism. A

9’ = (\ c
Since (=0, At +e erua.fa(e Ac, we have accorcbna

t snell's Law - St Mg

SinY Meq




Given -Hrod —

Ma:\r_a
Sin r:.ﬁi‘.SinZ =0
d
Hence ¥ =0

Tha ¥ poss unrefracked at

AC indenface and reaches

AB inderface - 8(7 Hae oUo\(,mm we Coan See zm?&. ok

incidente becomes 30°-

Thaua Q.Ppl.bn‘ng snell’s  law -

Sin a0
2in38 o
Sin e

=> Sive = (3
Thusa e = 60

s ane inddent on a v

> ab. The refractive inclices
prism Sfor ved
1y and 1.47 reAPccH .
out oy the three which
Coloun will emerge oud
of face ac ? Trace the path
of these voys afler paming
-Hﬂmugb\. face ab.

S0

rwy.s is 4s° at face ac.

Ma
Mg

Sm3av =

va G-

Lmaffe. ofs emp\,amu)

N Thyee L r ved (R) , Sreen (&) ond blue (®)
@ e y G g prism abc at face
He mateual of the

qQ

B ——
@ —y
R ——

b

omnd blue Nﬂ\vdl_v\a«ﬁ\s ane 1438,

c

37 auw\v\j, an ob 3ncjdmce.(i) Ob all Huee



Lua,&d Suﬂ-er dotal internal reflection for which Haia
0"\34‘1; of incidence 1y a'rcod%_‘*‘r\om critical angle .

°
L > Lc.
» 4 ”
D Sinl > Sinle 8 ,.' 7
Sin 48 Y Sinle & N
R

1 1 >
. L —=—— Y
kS <
457 SimL. ’XC’\R
Hence (3 < M i & A
Total intewnal veflechon take place en ac —f—mr Yougs
M>J3 =144 -
Hence green omd bluc suffer toted infermal veflection
whtreat ved undingo refrackiony omd ved colous vou
will emerge  out of face ac.

STOP
THINKING
START

D[]ING




Simple Microscope 0¥ Magnifying Glass-

A s»'mple micrmscope  Censist o cmvaa'mg_
Lena small focol Longth. A viviual, exect omd
mma»ni jed image of the object s formeel at the least
distance of clstind vision from Hae eye hedd close
4o He Leng,

A

Let an object AR s hdd bedwen opticel
Cevdre. C and pimcpel focus F of +Hhe lina penper
dicwdon do Hae paimcpal axis. A virtuad, erect and
megnified imoge AR s formed as tracedl in fig- The
eye i hedd “close 4o the Lint, and cB = o (=250m)

Magnifyn ower of a Simple micvoscope 4
degrmo' i :;?fm.:):yd QAP%\A. rato of 'ff:u_ angles Substerde
by' the imege and e objeck on Har ege | Whan both
akee akthe “least olistmer “of dliatined visien from eye

Lt LAC® =B and L Ace =«.
By Apinition, Maa«{nfbdng Pocder. (m) = _s_
for small angles tom® R €

Hence tonx =& omd tmp = p

m - 42

T U




. _Ad
In AABC tomp = s
\ _ Ag - aAa
In A ARc tonaA = = =
Hence m = AB x -C-&,- = _C;Bl = =N = Ve
[ AB ce = u
N R
Fom lwfu-tmuia TV
A \ " AN |
MquPiy both siols bg v ¥ = 1 AL(‘.
oY _}_/.. = Lo oY m =1~
buw v=-d

m = (.I.+ '}"')
TRA Hae expression :fo-r Tnaenif—a«'lna, pewer of a
Simple  micyoscope (mmani\quha_ aAaM),

K As { oclcreoser ; m increoser L. Smallen the
focal  Len

.. .cb He Luns
mo‘ﬁ“'ﬁfma poves »

3 arcp\.*b\._ is s




ComPound Micvoscope -

A Compound mitvisope Consist of two Conver
ing fonses an olgjec;ﬁve. 0 of very small
ocal lena»ﬂ\ omnd shoat apertwe omd an ey piece E

of moclrate focal length omd losge apertune.

The Awo Junzes are held Co-ax at the

Fee erds of a tube ot a Suwitable fxccl clistance.
f—:\-: cach othen: The iatemce o}t ole'}ec)-m;

From the object con be adjusted by wack and
pmitn anaunen*

Let AR UA a ‘b'nj olﬂed‘ hadd Pu..{:enoﬁculqr +o
Has P&i‘ndfw\] axis In frent Of the Ol:jcd"lve Lens
end  ods P)&-ndpod »focw, Fo. A real,inverted and
= i'mo«ae Ag of thia ok\:jec)‘ -ujvmmd bJ'H\.n.
o‘ﬂe we. Lons.

Now A'gl acls as on object for the ege Luns,
whose posititn s So adjusted Hod A'dl lies betuwer
opHeal centve ¢ of e Jdwms emd Sis fﬁndpnl foeus
fe. A vivtual and ‘mognified image A'8" A4 formeol
ba Hhe egye Lens.



This  image L erecdt wernt. A" but Invented
wri. AB. The final image A'@ 1 seen by thaeye
hdd close Fo Lens. The adjustments are so
macle thad A'B" i at tae last cistonce ofy dusting
vision(d ) from Hae eye. ie. G = d.

Moo f444 powes o cempound microscpe i
ebfm:aujv‘ﬁ rotio obobm ang!’:. subtendud at the
2y bg Hhe Hnal image o -Hu_qnale subtendid ot
Fhe e by e object, wohen both Fhe final bmage
amd :ﬂ:. j:'ec} cre situoded) at +Hhe Least olistance
Ot' dM{:‘!'hC}J Vi.}ion j"rzryw‘ e ee,q,-

Mo.an;jau'ﬂa, power. (M) = %
for mall omgles , & = tana omd P = tanp

e 17 o= tan p
o
non A
In AABRC,, -tomp:mr_
"
In A&AB'C,, tomot = _AB_ - AB
C;B" C 5"
Hence m = A's’ x G = A'g!
c, B A A8
. § 0 )
oY we Can whrile - m = Ae' x N
A'n! AB

[ = |
n_n

Where Me = A = 1fcah b ¢
e -A'_e% MAﬂmfvcodlm 4 eye Aand
and Me = _‘,:fl. = mozqni{-‘v'c«}im bé obective tuns

Now We Know +hat - Me:(-l*%_)
Vo

Also m, = AR . aB' _ W%
AB [atg:Y —Y,



- Vs

Hence M°‘8“if8’i"‘3 power | m = T(l*f,_)

lmah\ at— microscope tube | L = Vo + Ue

Note -

(i) As powen (M) Ja adive mimqﬁc
Se,u\ in a rzlcmpe ok al:uuaa# i.mllvd’col

(") Fox bhﬂe; nifying  powes fo and §, both
have do \;e.m:réaufad/\'lgso 4o 44 doken Fp the
smallse than f. So +Hhad field of view may be
increased .




@A Compound micimscope Uses an objechve Lens

;ﬁ& of foead lum 4 cm, and fece s of
fOCoJ A oem: An d‘\)jcd’ 1s Pbud ot ¢ om.

Hne d’jed'lve Luns - Caleuwlode Mﬂhanw
power of the Compound micvoscope . Also Galadate
Har bn?éh of the micrscope -

Sol.

Griven that —
:{D:ucm. ;f';:loc,m 5 Ug = =6 Cm,
Vez D= 2s5cm.
For ohjechtive fea . 4 =L & A
I v
E =
& 5 e —{‘7: "’-"é— 2> Vo = l2om:

Maﬂng?;n& powen (M) = -_\l_’i (1+.¥:)

-1
n = p o 431 2s _- -
e(*;.,) = ed

Levgth of micwvscope = |V +]uel
for ee Lors 3 Ve =-2Scm, fe=locm.

b | TSR T |

g Aend  forruda T v w
sk, ce ol s d 1 5 =i 3
v %W P G Tm=TE
Ue = -,57_0. = =7:lyoum.

Luaa»rh ok microscope. = 2 + 7Y
L= 191uem




Astronomical Telescope %

An  astronomical telescope Js an o Heold
nstrument whith 48 used for observing_ diatmet
images of heavenly boolies Like stans, plmets ete.

Tt coraist of M‘QﬁM%’::L objechive lens
which 1 of L ) and lange apertune
and the eéf,e_ m,ﬁwk‘iek kgf‘q 5muuﬂfm! Lergth
and Small = apetune .

(1) Normal Adjustment -

b&apamj,(zlbwmojli f-rbman
astvonomical object (ot mfimty) s made 4o fall
on the ol—\:jecﬁvc. o ob Hhe teluscope . Tt formus
a vesd, mverted and ciminished image A's' of the
Ob‘)ed. The Fl'QL‘L JA 2o aob'ustgol +hot A
Lies juat of Q-hJO:

cus o) Har jecs. There
o final bua‘khj mognificd bimage. egcﬁrmedq} inf:r;;

The final tmage i erect wrt. AR and Ja inverte
wrt He ota‘]ec}-




Ma-aﬂ'lfﬂin Poooex_ot en astvonomical Hekstope
M novmal adfustmod olyfinecl as the vatio of the
Oma'f& Subtended ot e exe ba Hne j—f'nol
1o the an subterded ot the eye, by +he_ object
olired!:’, wWhen ‘H\:_Jel‘na.' imoﬂc and Hhe ob\jed’ th
Lie at” infoite clistarce from the eyqe-

As  the object Lis at v huge listance ,
+h ve angle subtendiud ba aﬁ.ﬂu ola'jec)- at Ca s
almost Hhe 3ame as Hae Q.Zlc Subtendid by the
sbject at €, ( becawse ¢ close Jo C2). Let 4
be & L-e. LAcE = ot

Ranys Cormm m Hhe f‘lna} Em ot l'nﬁn'tt\‘
make. Lig’c,&l = }32 c§1m+lr\e_ exe- Tke_re‘f:gz.

Magnffyh\a power. m = _‘%-
As angles are small - & = tmx , p=tanp

m = _t_an!!»_
1o x
1

Tn A ABC, toanp = A‘B‘/c‘;e'
In AARBCE , fanx = Aal/ce
. ) 1 |
Henee m = AB ,aB = 56
2 AR g

or

M“ﬂ""h“? Pocoen (m) = __&

*Ncﬂoﬁw_ Sign ob m indicades +hat final image 44
verded -

dingth ofy the telescape | L= £+ %o




(i1) When the fiml Image L :fotmeel at the least
clistance of distinct vision (d) from the eye-

Maadj\efinaf Pewer. ofs an astonomical  tele-
SCope b redl b Fhe voctio of the angle sublovded
at the eye Hhe final image at e loat istance
°f Siatinct vision do Heoo e subtended at Ha eye
.bg e oiljed’ at ‘lﬂf‘lﬂ'l'l:d , W seen ol.ived'ij.

As the object.a ar off ond ¢|,C are
chose by 5 :v‘gia Substenced by object om Hhr eye
at Cr b almast the Same ap the arFJe Sulstended by
& at ¢+ Lot uF be a.

3 Z A‘C.B' =X

omd bt 2 A'cw = p whe c,op' = d

b

Maﬂn‘lfg;ﬂg Powesr (m) = _Pi

=

As omg(u x and pmsmaﬂ,m.é—um_
. tan P
M = fana

i 1
In A Amc, - tom p :_CA_z_&Q_



A

\
I A h'BCy s tomg = A5

<. 8
! i
So thet- m: Al a8 . 4p - £
C';B' NB‘ C;El =Ue

Whire  fo = focal Lingth of cbjective funs  amd
Ue = distance of AR, octivg as the object for eye Luns.

For Qa& Jens J\-/——T{‘— :j:—

d -4 e 4
o -a "uc-s'pg

1.l et o L e
o ol - R 4
Hemce. m:—%(l*_%)

* Negolive sign of magnifying power inclicater Hnod
-Fn?) ?maaé‘j inban g@ivscgw_ 45 imverted.

Lingth of the telescope | L = fo +Ue

X For L e ma.gn; 'ng, power. , f, must be as lw\gc
as possi. le and 4. must be ar 4mall as possible .
Hence M deliscope aperfure of objechive Luu s

Made Lange +o increase mogni ine power. and
Iqulv'mg, powes oﬁ e iduco;?f &

Hence | Mmin = "?f-: Mmax = "%:-(1 f%)




Chyomatic  Aberration —

Whan an imaac_ of white okject L4 Sfoymed
bamMmMMMﬂo}ﬁcu&&W
Colowns od exactly +he same place becawse Hae focad
Lungtn of luns clepencls upony the vefruckive inclux
of the meoderiad of Ahe luna

The refrachve [ncux of glams A olpjernunt
fov olijkerant wavelingths of Lgict

¥ - eD(R &

As My < My  So that :f'r > 5

Covrechon -

White

One way =0 mimmize chyomatic alseyraton
i Fo ude -two or moxe Lwntes v Combinoadom So
Hod the imoges of all the colowns are formeol at
+he. Same position.

Sphoriced  Abexvation —

T ds +he olpect of tuns due do which
Hae pareatdd Lcabd' :’:p—s of incoming Lght olo not
Convenge at the same.  poird ajten passing Hwough
the Luns .
Spherical abexvoadion Cam affect wesoluHov)
anel  clarity , meaking it hard Fo obtedn shavp images,
TH Ja e do +hot the Light royes povsing
Harou a luns neor its hosimernded axis are refractes

less an  the roms closer o the edge ox'periphery’
9 the Lina. 3 g

CovfecHon —

Ths cefject can be reduced by usimg
Lenses of Llarge foced dumgth and smald apaturc.




Newtenion refledina type Tdesupe

The ? c.cmm
+ae Addtont s{w._M veflecte b;f lwxﬂe Pw.ab
Cencave veflector € on to G plone mivror M. 'mu
Mmooy b inchived at an m?u of 4s* to He axis

o s The plane. mivvox Yeflecks Hae beom j—mn'mg
a veal imoge I in front of an eye piece E-
piece acts as a mfz:j:c: and +he

nal wv‘tua)eaq; mmgn;fted /maje_ of stan is seen
a‘AA'fmch Ba the eye.

() Thare 4 no chyomahe emd sp!«w'cal cbexration
cdue Ao we oy mirror objective in place o) ferses.

(it) Imege w4 zv:k)\ as CDmPM.wl o rzfmohng tyfc
telescape  ond vetolubion & acheived by wing
a mirror of Lcu;ge_ apertune .



Reflecting iype Telescope (Cassegminian Telescope)

Tt » an 'nnpvovu'numf‘ over Hae re\fmcﬁr\a,
*ype Addescope , objectve lnk s veplaced by a
Concave pamzbolic “mivor of lorge aperdww, which
b tru_ Fom  Chvomatic and stu.Jaa) aberyvahons.
The im efwmea[i.smuck briahter and Hhe
rct'tec{'iﬂa zag,luco has much W‘JJM, molvira power
Cowmn Hee Y2 qd‘;hg jtdpe_ Zelracope. Such a
telescope 44 Known as Carsegmiruan  telescope om the
Name of Ms inventor

T e\ HRRR
g2 £3
.

N - EYE PIECE

r 4
n |

Pasolld ¥ o™ a distant stas c:do.}na Hre
fliscope Tn a dirckion paralld  do pamcipal axis of
The mivror Hend 1o Collect at Hae focus of Hhe mivror
Bud Huse Yob«led’«:l Touls encounter a secondat:, Corvex
miYvox B before rnu.h'hg, at the foaus: The Convex
miveoy  vefleckts Hum  onto the plece s amd  Hae
finad moge s sean through the Teye piece.

The final image @ Seen bb‘ the eye piece
inverted wirt. Hao ola')cc}.

In normal adjuwitment magni in wer ok a
veflecting type Felestope 24 aqvm‘fdbdg_ » b

e TX

Where. R s vadius of Cwwoatuse of Concave reflechor.




@ An ashronomical delescope uses two lenses of power
st 1o D and 1D. What is +Hhe magnify) 1y the
5000 m owes I
noxmal oxaUuL-lﬁmen‘{'? 6’"1";] 3 P

Sel. Ae Fe= J;{ z 'fLE - o m
cnd ;, = —;i- = —iL = 1im
Moﬂn'\-f\j'ma powen im noxmal adjustment
m=-F = -1 = -0
e 1
A tedescope hos an objective lens of foeed length
ase 1sm. Tk an eyepiece o Lena-th LCm UA wied

omd Has telescope is’ used to view the moon,
whod b the cliameter of the image of the moon
vfotm&d by the okij'cc-}»'we lens ? Diowneter ofy

fhe Moon is 3.48x108m dand the radiua ofHhe
Lunan ovbit is 3.8x10%m.

Sel. @iven thod F.: Lsm , fe = Lem =15"m
A-naldoh mogni fication of the telescope

= 'fo = E— =
A
Argle subtended by moon at objectve lens
= =2
Radius of lunax Orbt TR

Also the anale subtended imoge. formed| b
objective on’ itselfy by e F Y

oK = -dT- [o\ = diametevr ok imOGeJ

A = otkds D o

6 -2
- 3y xio S XI0O ™ =13 S0m
o = - To X |5 13:S X!

n



@Asm.utdaupe has an objective m{jfow
Zot Aunghh  iso em- and an L_pneu. ob»fo

**" 5 em. Ib-HuAteiuupcuwd 4o View a j.oom
high fower 3Km. away , find  the of the
final image when A Qs fovmed 25cm. away fom

the eye piece.
_.?J. (SIV'BY\ ++\Fd'
£ = Isocem. 5 fe=5em | D=z oaseom.
Maﬂniﬁwﬂom m = ‘i_ (1+ fr_)

m:—%o—(l-t ) = -3¢

et heighd of final mage Qg hem.
- _L = l.suaJ :fbvmed
tanf 25 <# -fY'YnJ m:gi‘.d f—;je,hj

N ) - e o = Visual amgle subtended
and tom a - - T s ( ba olajed' at ol:')ediw_

3o0c
But VHeah m = tnp
Maamf'c o ton &
-3¢ = (‘\/15-> - 3o0h
(t/20) 25
h = —3LX28 = - 30Cm.

3o

Here mgﬁ)&'v& s:?-n jndicater Har imverted imaae-




Q.1. The refractive index of glass with respect
to water is 9/8. If the velocity and
wavelength of light in glass are 2 < 10%m/s and
4000 A° respectively, find the velocity and
wavelength of light in water.

yz v 9 v
. =8 _—_w = —= —
Sol: wHyg ., vy 8 2x10*
8
v, =%=2.25x108m/s.
—.He _ﬂ - _ﬁ —ﬁ
w i Hy, ’1'5 ("'us ;"8 e Aw
2he . g LJEEM00 sk
8 4000 8

Q.2. Locate the image of the point object O.
The point C is centre of curvature of the

spherical surface.

=10 p=4/3
o
P\\\ C
20cm % 40cm

Sol: Here p, =1, u, =4/3,u =—20cm,R = 40cm
Ha o Fh Mol

v u R
4/3_ 1 =4/3—1
v —20 40

4 1 1

—=—
3v 20 120




4 1 1 -5

3vv 120 20 120
—160

v= =-—32cm

Q3. A converging lens of focal length 5.0cm
is placed in contact with a diverging lens
of focal length 10.0cm. Find the combined

Jocal length of the system.
Sol: Here f, =+5.0cmand f, =—10.0cm
Therefore, the combined focal length F is given by
1 1 1 1 1 1
—_— e — e ————— = e —
F £ f, 50 10.0 10.0
.. F =+10.0cm ie. the combination behaves as a
converging lens of focal length 10.0cm.

Q4. A ray of light is incident normally on
one of the faces of a prism of apex angles
30° and refractive index .[3 . The angle of de-
viation of the ray is...... degree

Sol: Apply Snell’s law of refraction at P
sin30°

1
sin7 7;

or y =45°
. 8§=r—30°=45°-30°=15°
Deviation of ray =1 5°



Q5. If the focal length of a magnifier is 5cm
calculate
a) the power of the lens
b) the magnifying power of the lens for relaxed
and strained eye.

Sol: As power of a lens is reciprocal of focal length in

1 1
P= = diopter = 20D
(5x107m) 005" %

b) For relaxed eye, MP is minimum and will be

While for strained eye, MP is maximum and will be

MP =141 4 5=
S

Q.6. In a compound microscope, the object is
lcm from the objective lens. The lenses
are 30 cm apart and the intermediate image is
Scm from the eye piece. What magnification
is produced?

Sol: As the lenses are 30cm apart and intermediate im-
age is formed Scm in front of eye lens,
u,=5cm and v=L —u_=30—-5=25cm
Now as in case of compound microscope,

M =m,xm, =——‘ix[£]

u u

e

here 4y =1cm and D =25cm
25 |25
M=——"x|—|=-125
So 1 I: 5 ]
Negative sign implies that final image is inverted.




Q.7. A compound microscope has a magnifying
power 30. The focal length of its eyepiece
is 5cm. Assuming the final image to be at
the least distance of distinct vision
(25cm), calculate the magnification produced
by objective.

Sol: In case of compound microscope,

M =myxm, — (1)
And in case of final image at least distance of dis-

tinct vision,

- =[1+2] —(2)

Je
so, from egs. (1) and (2), M = m, [1 g ?]
Here M = -30; D =25cmand f, =5cm
25 —30

So,—30=m, [H?] ie gy =—===3
Negative sign implies that image formed by objec-

tive is inverted.

Q.8. An astronomical telescope has an angular
magnification of magnitude 5 for distant
objects. The separation between the objective
and eye piece is 36cm and the final image is
Jormed at infinity. Determine the focal
length of objective and eye piece.

Sol: For final image at infinity,

Mw=%and L,=fo+1. -'-5=§:‘_’(1)

and 36 = f, + f. — (i)
Solving these two equations , we have
Jo =30cmand f,=6cm



