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Chapter 9

Kay Optics & Optical Instruments

L.i'ghf = e."ecf‘rombyneﬁ‘c wave buf" for sizes
much far:ger tharmn its wm)e!en‘gf'h 4 S50 pm) :

[} ]

it travels in sf-rmyhf' lines . a ray

Speed of fiqﬁf

In vacwum e, T L G raa (exacﬁ'y)

Slower in any medivm -7 refractive index n.

Sign convention vsed

MNMew Cartesian : pole i af'. or{gfn i incdent
J’{?hf‘ afnnﬁ s A het\'ghtf up = e,

e :':ﬂk fgu'

m({jﬂum 2

rwftfmm !

incicgmt A reflected

Fig. basic ray geometey at a bnune’l"d'r}r

Chapter map .

Scamed with CamScanmer
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Laws of ReRection

The two laws

@ /—lnﬂfe of inudence = Q‘ﬂj!’e of refection
i

e (mfﬂjm’ed from normal)

@ Inudent ray , reHected ray and normal

lie in the same plare.

rncrrJ"?nf‘ A rf&f‘ r""j

Imqqe by a plane mirror

@ Virtval  (Formed behind the mirror)

@ Erect . same size as okject

(3) Laterally  inverted (leFt <-7 right)

9. Image distance former = ogject distance.

Used in periscope , «aleidoscope.

Scamed with CamScanmes
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Spherical Mirrors
Types
@ Concave z reﬂecﬁnﬂ side s the LASIDE

of the sphere (conuerﬂfnﬁ.).

@ Conuvex : reﬂechhﬂ side is the OUTSIDE
of the sphere (a’werﬁmj).

‘(ﬂ'} Lo e

{b) CHAWVEX

Key terms

@ Falt TS PT tentre BE  mtiia surface.

@ Centre  of curvature € :  centre of sphere.

@ Kadivs  of cwrvature R = PC.

(&) Principal  axis ¢ ling through P and C.

@ Focus F midpoint of PC 2Pz R

£ 7 O for concave , ¥ €« O for conwvex (Cartesian).

Scamed with CamScanner
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NMew Cartesian Sign Convention

»

Rules

@ Pole o ae Df{?th 2 princpal  axis a!nnﬂ X,
@ Incadent f{?hf’ alway s Bor LEFT -2 RIGHT.
@ Distances . mgﬂ:uredf From pole v

(9) Along  incident light = +ve ;

,JUE_

t

aﬁmhsf' incident f{ghf

—

@ Heght‘: above axis = Tve below = -ve.

- {incdent diel

Conseguences

U < O for real okject (in +ront of pirrors.

¢ T O Loy comeave o F 7 0O for convex.

Scamed wilh CamScanned
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Mirror F:grmu!a - Derivation

Concave mirror , small aperture (paraxial).

O.L:-jecf 0 on axis -7 :‘maye & or axis.

b

. 0 [ £ P
e s I 3 — >
_,——"_F-f -
__-—“’ff—- ot
Using similar triangles
AB' / AB = PB' / PB (F=€& ABP A'B'P)
AB' ) A8 = FB' ) FP (FAB"  FeD)

E:zuaf'e the two ratios , substitute the

Cartesian 5{9”5 TN e £ all measvred Hrom P.

/ / UI -+ J / o = J / _f: < - prireor  tormula
<A R e

Vahd {for both coOMCALE are CONWeXx rrrors.

Scamed with CamScannes
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Linear Magnitication

fatio of fmafe he{yhf‘ fo ot\:jecf' he{ghf’.

o - hi / h = = W, / L-’ <-for mirrors

Si'qn of m 2 what i+ tells vus

(fl im0l ;"maye is REAL« & inverted.

@) me 7 O : image is VIRTUAL & erect.

(3 m >/ : magnified ;< / diminished
Useful combined +orm

Differentiate /v + e = IIE &
dv/Ju:—uz/uzzmz

(useful for axial maﬁmﬂ'mhbn of an oqjecr?.

Worked check

U= 20 tm , F = -20 tm =7 %

/v = 1F - 1) = -1/20 + //30 = -1/&0
B s s mo= sufo = O/ E00 =

/

Imaye - real :’nuer:“ecf > fwice the size.

Scamed with CamScanines
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Concave Mirror

Date :

Image Positions

Ray - dahjnﬂm rules

H)rouﬂh F'
fhraujh C

L

Imaﬂg table

parallel to axis -7

f'hrm{_gh F.

-7  parallel to axis.

-7 retraces its path,

reflects Sy‘mmef‘r{cm‘!y ;

Object I age AMature Size
Infinity At F Real |, inuv. Highly
Beyond C Between F,C Real |, inv. Dirmimished
At C At € Real | inv. Same
Setween C,F Beyond ¢ Real | inv. Magnitied
At F Infinity Real |, i, Highty
Between FF Behind  rirror Vietual | erect Maﬁm'i’—?ed
Conuvex mfrrn:

K-l.fways ﬁfves a vitval ", erect |, diminished

:Ima‘_ge for a real object -7

U.SEO’ as redr - UVigw | road - SQQW MIrrers,

Scamned with CamScannes

wide HFeld of uview.
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Retraction & Srell's Law

Observation

L{ghf’ bends when i+ crosses a baundary

between two media of different optical d’ensffy.

_.S-neff'.'f Law

L= r from normal

|
|
L e

n’, Lin | i nz Sin r i
Eﬁuwm'enﬂ?f 2ol ./r: n, = sin r / Sin
Fefractive Index
— = Faatl
L n - C / v | L P .fpg’ﬁej sl
— —— e -JI < = Fthe mELerrw

H

Also i n

i y
wac Rl

I Qegufnc?f does AOT Chﬂnﬁf in retraction 7

Optical density
H{?her n =7 optially DENSER medivm.

€.g- ﬁﬁ'ﬁ%’ﬁ*ﬂaﬁ ﬁfa.c.s 7 water 7 air

Alass den.-;.-'r;f and optical den:.-'f:f are rol same.

Scamed with CamScanines
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Refraction Through a Glass Slab

L ]
Light entering a parallel - +aced slap
@ Bends towards normal on enf‘ry.
@ Bends away from normal on exit.

(2) Emergent  ray (s PARALLEL to incdent ray.

@ et edfect - a lateral shift+ d.

>

Lateral shif+ formula
o’:f‘.ﬂh(f'—r)/ca:r

t = slab thickness. d fa.-:ger for _gfeaf'er £

Apparent depth = real depfh P

Scamad wilh CamScannes
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Apparent Depth & Lateral Shilt

Looking into water

An okject at depth h appears to be at h'

Lh‘ :_ h / n -y = water ,.-" air

Apparenf' 5 TrE e PR U R e i Skl

E 3
v redl
\
% I
1
% (\’PP" rent

feason +or twinKling of stars

Atmospheric refractive index Keep S Vd‘r‘?'!'riﬂ with
temperature -7 apparent position Houctuates.
Planets haw'nﬁ a disc , do MOT twin«le.

Advance sunrise / cfefaytd sunset

Sun wvisible 2 min betore / after horizon.

Scamed wilh CamScannes
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Iofaf Internal ﬁeﬂecﬁbn

| SEWP *
L{?hf yo;‘hﬁ Lrom a denser to a rarer medium

ray bends AWAY from normal.

Lncrease | -7 7 ﬁrows faster -7 ar some I =

r =206 (ra?! grazes surfacel.

For e e I 5 no refraction -7 total internal

—

P*E"Q'Ecﬁbn (TI/T‘?

a
/ G} TIR
y \
Tied
'Irrh:I
Critical angle relation b
gt
Sin f" = / / i <-n = denser / rarer

For water -7 air - e 8.6 ; 3!&_:; -7 Wi “2.

Scamed with CamScanineT
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TIR -  Applications

@ M‘myc (hot road / desert)
Hot air Iayers'ﬂear ﬁround' are rarer ;
ray s From SKy bend up -7 appear reflected.

(2) Optical  Abre
Glass core (’high n) dad with lower n.

L-ighf‘ enf‘eﬂ'nﬂ core und’tr:goes TLX fepeafley p
ﬂuf'd'ed' afonﬁ the fibre with minimal loss.

R R

@ Prism for total internal retlection
ﬁ{ghf‘ - anjﬂed’ prism (Fe - S = 0] acks as

JOOEY.;» refector in br'nocufa-rs , periscopes.

@ Brilliance of diamond

L e i (uery h{gh) i ok 25 deymes.
L{ghi‘ sutfers many TLFRs be»‘%re Emffﬁ”}"'ﬁ-

@ Endosuopy , ommunication via fibre bundles.

Bends in fibre have radivs "77 diameter.

Scamed wWith CamScanmes



fefraction at Single Spherical Surface

Spherical surface separaﬁhy media of n/ & n2.

Derivation outline

Small ﬂﬂﬂ-’ES -7 Srell's law
From frflanﬂ.-"e ﬁeomef’ry
fos e k)
a8

Use alpha = h / (-v) , theta = h / R , phi

and Cartesian 5{9:‘15

HE/U - .r".l/U (ﬂz" H) / z’?

Sﬂhﬁfe - surface refraction formula.

Scamed with CamScaniner
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Lens Maker's Formula - Derivation

A thin lens has TWO rgfrach'ny surfaces.
Apply  the single - surface result twice.

Surface . /7 (air -7 _q!a:.:)
n/uxaf/u:(n'f)/ﬁ,

Surface 2 (q!ass -7 air)
Treat 1/ as okject for second surface
VA R v, = 4 = nt )/ /?2

Add the two eguations
;’/u-—//u:(n-!)(ﬁ//ﬁ,-.»"//?i).'

When okject at :hf‘-r-'r}-u'iy 2 :'maﬁe at focus

/7

L)k =l e AR R )

.Sign conventions for A

R (s 4ve iF centre of curvature is on the

ouf:gm]nﬁ side e, 4. £ on the mcnm:'nﬁ side.
BN e o > D, 2 e O 7 F PO

Biconcave e 0 2 7 0 -2 £ < O.

Scamed with CamScannes
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Thin Lens Formula

Derived o’:}-ecﬂy from the previous result

|if / ", e / / U — 7 / _!:‘ <-thin fens

| < - foarmula

Linear maqm‘-ﬁcahhn

[
EHICgEY ha / ) BES e / 7 ‘ <-for lenses

Aote % for MIRRORS m = - v / v . {rote 513;»-3.?,

Ray rules for lenses

@ /?ay parallel to axis -7 fhrouﬁh o
@ Ray through optical centre -7 undeviated.

@ !?ay f'hrouﬁh = -7 emerges parallel.

Scamed with CamScanne!
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Power r.hC Qa Leﬂl{

Definition
A measure of conl./l?_r:gfnﬁ / d’:uer_?mﬁ ability.

Pl o el o - dhe

Convex (mnuew:gmﬁ) lens iR e A T
Concave (a’:l./er:gi'nj) lens i ) Sl < o B

Combination of thin lenses in contact

e |

‘ PoalP P _ ‘ <- powrs add

Eguivalent maqmﬂcah}:n

e ) e m; . mz . mg

Example - +< D and R ) combination _
e . 2 = 42 D -7 s iRRr R e

Met ebtect = conuerﬁ;hﬁ.
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Retraction Throvgh a Prism

Setup
Prism = ﬁfass block bounded by two reﬁrachhﬁ

surfaces mEeﬁnﬁ at anﬁfe A (revc;fa(ﬁnﬁ anjfe).

Geometry results
N e BN

s 2

delte - = ("4 el 554

For a small - angle prism

Sin | ] ; Sin r r

geltas = ln - 4). A

(n = retractive index of prisen  mmateriall

Scamed wilh CamScannes




Observation

35
|
F
|

Plot delta vs 7 s has a unfzue- minimum

Y SR RS el T AT

Srell's law at minimum deviation
( A + detta_ ) 4
wom o S

= sin [ (A + delf'am)/z ) Sl SRR Rl / Z?

tric path &  ray inside is parallel to BC.

., ray inside is



Dispersion of White Light

Fefractive index n d'ependrs on uauefenﬂrh
.
T Yl e N R e i (Cauchy , empirical)
So delta = Cn = 2) A ix waUEfEﬂﬁf‘h o"gpeno'enf'.
White light passing through a prism splits into
VIBGYOrR (w’nfef' deviates most : red least).

Aqgu!ﬂr dakperﬂhn
CI'EH'QV - d'e."far A N 7oon

Dispersive power omega

Dmf{?a = (nu - nr) / G 2

R medn refractive index)

Scamned with CamScanmer
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Rainbow & Scattering

Rainbow (g valitative)

@ Pﬂ}-ﬂar"\/ radinbow
Eunh;ghf' enters drop -7 refraction f

ONE internal reFlection -7 refraction out.
fed on .top , violet at bottom ( w0 SR dey?.

@ 5ecoﬂdary rainbow

TW0O internal retlections -7 fainter , reverse
colour order (red below , uviolet on .fop).
Scattering of light - ﬁay!eﬂgh
AP A h

|
[

b (SCH f'f'ffed) P / /\: ¥ <- Rayleigh law

Short waveienﬁfhs scatter much more than a"onﬁ.
@ Slue SKy 2 blue f{ghf’ scatters most.

@ feed Sunrise /] sunset : fnr:-ﬂ path i‘hmuﬁh

af'mnsphere ! blue Scaﬁ“ered Away rgd' passes.

@ White  clouds :  water drops are LARGE -
Tynofaﬂ /] e scaf’feﬂ'nﬁ , all colours fiuaﬂy.

Scamed with CamScanmer
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The Human Eye

. tqnafomz

@ Cornea i f'ransparenf' front _':u:'pace ¥ bulk

of bena'my ( two - thirds).
@ Ths 8 pupil  control hﬁhf intensity.

@ Lens (cfysfaff:he) s Hre - tunes focus by

cﬁ:'ar?f muscle action (actommodaﬁbn).

@ Retina L f.:'ghf- - Sensitive Screen A rods + conres.

@ Optic nerve > brain.

fararad fens

| TEEP .

i /

)
ST

7

ng terms
e ipoint - D = 25 om (lea st d'r'_ﬁ'ance of

distinct wvision , normal adult).

Scamed wilh CamScannes




Date : Page: 22 WM

Defects of Vision

/. Myopia  (short - sight)
Distant objects blurred 2 far point < rh-@hi?‘y/.

Imaﬁe of far oigjecf' falls TN FROAMT of retina.
Correction 2 concave lens of focal fenyf'h

R Rl O lnr point distance)

2. Hypermefrapih (Far - sight)

Mear D@jecfs bfur?eo( ; near point 7 25 cm,

Imayf of near object falls BEHIAD retina.

Correction 4 convex lens with

1’/1’9:!/{)#1‘/0{' (d'::nearpm}-ﬂ')

i

s Pre:byop:h

Aﬁe - related loss of accommodation (.-"en.s hardens).
Ofen need BIFOCALS (concave + convex).

. A:ﬁ'qma tism

Cornea curvature uneven -7 da'-F:Cereﬁf' focus
Q)r vertical and horizontal lines.

Corrected with CYLIADRICAL lenses.

(Power rf;u-'red' = corrective P in d'.-bp:"er.f_.?

Lens prescriptions speaty P potwncdbe pasyopia Fix

K i

Scamed wilh CamScanner
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Simple Microscope ( Magnitier)

A 5:}1‘9."3 convex lens of short Local fenﬁf‘h.

Oi:\ajecf' placed within F - virtval | erect

']

maymﬂ'eo’ a'maﬁe on same side as a.i.ajecf‘.

- Magnifying power
M = anﬁfe Coanith lens) / ahﬂfe (without lens)

FM =il D F (l'.-w.ﬂ'ﬂe at D) W <- max M Celnad

== but _':f'ra'rnfr_'lr f?’f}' ;

’ ad-= D/ £ E’;maﬂe at infinity) | < Gl =it

- (rnarmal vsel

D = 25 ¢m = least distance of distinct vision.

Scamed with CamScanmes
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Compound Microscope

Construction

Two convex lenses arranﬂed' r.oakr'ai.":/
@ OQjecﬁve (small + o , Small aperi‘ure).

@ Eyep:izce (sft'ghﬁy faf:ger f_e , acts as a

Simple microscope).

L

o I/

= |r"

Magnitying power
o= i .oz Lufed & DI

B

) FE kD LED

4

= Fule Ienyrh {distance between F__0 and f’__e)

Sofh ﬁ_-_o ang’ Jr—-‘__.f jma” - 7

large M ( SO0 - 10002,

< - i'maye
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Astronomical Telescope

Construction

Two coaxial convex lenses

@ Opjective : LARGE f_o | large aperture

(more light + better resolution).

@ Ey'epi'er.e : small f__e , acts as maﬁni'ﬂkr.

Mormal a@ ustment

Final f}waﬂe at l1r':-1':;lﬂf.f"7/ -7 lea st eye Strain.

\ = g ‘p r T €« normal
&,_ e _/ £ J < - &l’r_ﬂu.ffnn.’nf‘

Tube J'enﬁfh L = 4+ _ o + £ _e.

For image ar e USRS # P NRY S S 4 R e Lok

*

Scamed with CamScaninsy
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ﬁeﬁechth_ Telescope ( Casseqra:h)

Idea

ﬁ'epface the heawf ojective LENS with a
concave PARABOLIC mirror.

-"ay. C.:t_ts?jpmm telescope

Aduanfaqes over refractor

@ Mo chromatic aberration (mirrors , not lenses).
@ Easier to. mawe farﬁe mirrors than faa:ge lenses.

@ L{ghf’Er ;, an be Supporf‘ed from behind.
@ H{ghgr resolving  power for same aperture.

Hubble EATIAL T reﬂe:h'nﬁ telescopes.

Scamed wilh CamScanneT
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Worked Example -  Concave Mirror

Probfem % o An nk.;:jecf‘ i5 p,"aceo’ /¥ em in Font
of a concave mirror ot +focal a'enﬁf'h /72 trm.
Find ima 'ge  po sition , nature a nd size F

ok)ect hea‘r_'ghf' -

Sign convention

u:-fﬁ’cm,w*’: - J2 em h -+ 2 o

fl
H

Mirror +ormula

e + 1w = 1/F

Heis WE = Tle = <02 = (18
A2 + J/F .= C3 4+ 2)/36
-1/36

R~ S RN e (in front of mirror) *-

fl

fl

MagniFication & image height
= ew ol w2 SR R =2

rr
R e O e - e N R, P

Conclusion <

Lmage at 36 con , real & inverted height 7 <m

(twice the size of okject , on the same sidel. K
Cheek v = v A -7 mag

(ai?je(r between C and = fr'ues such an :}waﬁe.)

Scamed with CamScanmer
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Worked Example - Lens

Probr‘em - A biconvex lens of ﬂfas.s (n = 1=
has [/ = 2 = 20 cm. :
(a) Find (b) An object 30 ¢m in front -

Find r]—waﬁe position & maymﬂkaﬁbn.

(a) Lens mawer's formula

WE = On = I VR, = 1R )

Rl = + 20 e<m , 2 = - 20 <m (bitonvex/

VIR I S R T o RO T L T Y
=0 (2 1.20) = O0.08 cm

=/

F£F = + 20 m (converymﬁ)

(o) Iw_aje position

uZﬂS’Otm_,df:i“ZOmm

YRR S P S

e = 1/E + 1/e = 1/20 - 1/30
= (3 .. 2)/60 = }/&O

=+ Bl T (rea.-' , opposite side/

Ma qmﬂcaﬁbn

e ) o = 60 ) GRO) =8 2

Image :  real | inverted | fwice the height.

el - F =y ) £ = s )] 02 = & D

Scamed with CamScanmes
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Wor«ed Example - Prism

[ ]

-

Problem by ﬁ’ei’-}achhﬁ anjfg A = 60
ﬂnﬁr"e of minimum deviation delta_m = 30
Find (a) refractive index of prism matenal

(b) anﬁ!e oF incudence at delta__m.

(a) Fefractive index _

o= B LA + detta 2/2] /) sin (A/2)
= gin (9877 ) sin {307
=olp ) sgrt 2) P L e
- _czrr 2 P o 4

(b) An'q!e of incdence

At minimum  deviation ¥ ool s

2 (= A+ delta = 60 #5820 = 90

§ e
Inside the Flﬂ-.Sm T, o= A 2 = .20
Check : 7 R A Al T i ST ‘f:-f" / sin 30

= (f/szrrzﬁ/(x/z) = sgrt 2 OK

Dispersive remar«
LF white J"{ghf' . V. and R deviate d'iﬁl[érenﬂy.

deff'av - c:l’e.*'mr = ("’u - nl) A

% n_v Z n_r -7 wiolet deviates more.

Scamed wilh CamScanmnes




Wor«ed Example -  Microscope

Problem : Compound microscope '
o = 2.0 om . Fle = .26 ém , tube L
O}_;ajecf' Pr"aced' 2ET e o ok)ective.
Imaﬁe BF D =2 e Find A

Step /1 ; image by okjective

a8 S0 7 RN S Rl o R
THE A e a2 s R
= (2 s g e O
cm

Zes=o i a e

Step 2 - image at D Fom eyepiece

Eye - piece okject distance  u__e
//-D = z"/ue ¥ f/f":f
- £ o (computed)
S A0 e S I el

Total magnification
= m o= (9NE) =i 20
Neﬁahve Si‘?ﬂ -7 Linal ."maj'e inverted.

/A i L -7 okject appears 20 x !arﬁer.

(Larﬁer 1":__,3 would reduce M ; Smaller would hefp.)

Scamed wilh CamScannes
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Apberrations of Lenses & M}kori

/. Spherical aberration

Macgfhm' ray s focus at a point DIFFERENT
from paraxial rays -7 blurred !?ﬂﬂjf-
Femedies i3 small aperture Parabohi: mirror

stops doublet lenses.

2 Chromatic aberration (lenses onl:f?

Fetractive index d'epend; on waue!enﬁf‘h
-7 different colours focus at different points.

Cured by an achromatic dovblet (crown + Hint).

Comparing the two

Spherical - ﬂeomef’n’c , Tofoors all. colours.

Chromatic : wavefenﬁfh Jependenf‘ . lens om"yl.

Mirrors have A chromatic aberration.

Scarmed with CamsScanner
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/?e.fofw'rﬁ Power

Telescope

Ability to see two close objects as separate.

dr@ s N L /< / D «-D = aperture

Larﬂi’f D -7  smaller d theta -7  better resolution.

Microscope

| ]
d' — /< / (2 N Sin @) | «-Abbe

- ks < - crrfg.ribn‘

n Sin theta = numerical aperture (nA),

Qi ImmerSion incre@ses n 7 better P,

Magnifying power vs resolving power

H{gh M but low PP -7 b{gﬁer blob ¢ St bfurry’.
Practical limi¥ set by P , not M.

“Ciw'cK numbers

AMawed eye /! arc minute R LA £ -% rad.

/OO0 m telescope /O -¥ rad at lambda = 50 nm.

Electron microscope -7 fraction of a nm,

Scamed wilh CamScanmer
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L

Useful Facts to Remember

Mumbers worth memorising
@ Speed  of .-‘ghf' Il SRR R SR T S

(2) Wauvelength  range : 900 - 700 nm (visiole).
@ n o water /.33 , glass /.5~ diamond 2.92.
@ {aat s water 95.6 ,ﬁfass &Y diamond 29

@ Mear point D = 25 wm (adult eye).
@ Power - in. D = F L £ ln ol

Common Sign P:‘rﬁaﬁ:
@M'rror:m:—u/u Lens:mzu/u.

@ Concave mirror has e (Carf'fsmn).
@ Biconvex lens has ' S g S Pl g o5 8

@ ", (s - wve for real okject on left+ of mirror.

Concept ties

TIR + FRaylegh + ‘dispersion -7 radinbow.

Scamed Wil CamSoanner
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Formula SUMMar\/ ol

Mirrors & sign
f/u + f/u - f/ic ; P u/u
A A A

Retraction ( Sth'git surface)
na/u - n/u == (”a - n}/ﬁ’

Snell 4+ TER

N, Sin. | = ", Sim r

Si'n.i'(:f/ﬂ

Apparent depth
Lt e G ANEST S SRS R SR S

Lens mawer & lens formula
1F = (n - DR - 1)R)
Y e = //F < - S

Combination of lenses
WE = I/F, + ), ; P = P.4 P

<

Prism

gt o= A delfa = v 4 e A
n = sinl(A + d)/2] ] sin (A)2)

Scamed Wil CamScanmer
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Formula .Su.--nmaﬂ e

Dispersion & scattering

de."fau - o’e!f'af = (n“‘ - nr) A
ome:_ga = f’ng - nr) / PR
L (scatt.) o 7 i

: Eye corrections

Myopia Fom e s (x = Har pt/
Hyperm. tE = 1/D - t/d (d = near pt}

Simple microscope
M s it (ima ge a4 + D)
mM =D /J F (’a'maﬁe at :th'm'fy)

Compound microscope

/M:mn.m

M:-(L/-E)(f'f‘[:’/’c;)

Astronomical telescope

M = - £ / 15:_ (rnormal)
m = - (F/F)G + F/0) (at D)
= f -

Resolving power 1
e =22 £ /D d.= L /) (2 n sin thetal) |
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Final [%cap & Conceptval Tips

3:‘9 - picture Flow

Fefection (pfane i .Sphﬁri'ca.-")

-7 refraction (Snell , slab cfepfh)

-7 TLR (critical |, Hbores | diamond)

e smﬁ.‘e surface - thin lens

-7  prism + dispersion -7 scattering

A, = £ defects -7  optical instruments.

Common student errors

@ /M‘mhﬁ up - mirror Us lens maﬁmﬂtaﬁbn S{gn.

e Forﬁefﬁhﬁ that & - .s{'gn of v for real ok)ects.
@ U.sa'nﬁ_ deﬁmes / radians inconsistently.

@ Fnrﬁefﬁhﬁ that £ in P = 1/F must be in metres.
©) Mixing . R/, R2 sign in lkns macer.

Strategy +or problems

/.  Always draw a small ray o’fhﬂram Frst.
2. Apply sign convention write 9 g e
2.  Substitute in the righf formula.
odd

Chec .t‘.'.i.?'n / maﬂm?—ucfe - cfa.ss-uer.-ryl. )
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End of Chapter 9

What we lea rnec{

-
@ How mirrors and lenses form l'rr?aﬁES.
@ S{?n convention and standard Lormulas.

@ etraction S N whyy diamonds shine.

@ Prism behaviour i and minimum deviation.

@ Dr'_ﬁper.s.'bn , rainbow . /?ayl’ei?h 5cdf‘f‘enhﬁ.
@ The eye and common uvision defects.
@ Microscope  (simple | <compound).

@ Astronomical & Casseﬁrmh telescopes.

Mext chapter preview
Chapter /O will tacxle WAVE optics

Huyﬁens' princuple | interference , diffraction

[

polarisation - the wave nature of f{ghf’.

Practice : ACERT Examples 9./ - 9./2

]

Exercises 9./ - 9.326 . word all of them.

i
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