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GEOMETRICAL OPTICS

: (1) If the object AB is piaced beyond 2F, the image will be formed between F & JF
~ on the other side of the lens. R : :
It will be real, inverted & diminished imagg,-as shown in figure (2) e.g. Camera.
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12)  Ifthe object AB is placed at 2F, the image will be formed at 2F on the other side. |
of fens. 1¢ will be real, inverted & equal to the size of the obiect as show in fig (3).
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(3)  If the abject AB is placed -
hetween F & 2F The
image xaifxll be formed AWAY. o
from 2F on the other side f
of the lens. It will be 2F B
inveried, magnified & real _ 3
e e = Figure 3
ige, as shown in figure R
e.g. enlarger or projector. : : ' _
(4)  If the object AB is ai focus F the image will be.formed at infinity on the other
side of the lens. It will be inverted, real & very much magnified image as show in fig (5)
1 e.g spot light. - ‘ -

Figure 4

(5)  If the object.AB is berween focus & optical centre, the image will be formed on
the same side of the lens. ' _ '

[t will be erect, magnified & virtual image, as shown in fig (6) e.g. simpie
- microscope.— -
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(6 I the object iv cf nfinity, s T
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~imzge will be formed at focus. e 5B
{

e
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It will be real, inverted & l e S 1-
diminished i ‘page a;, shown r'p % LS — \ _j{nnge
figt ) : ¢ -' . :

L 1 Figure 6

!MAGE FQR‘MED BY C@?éﬁAVE LENJ.

If the object AB is
piaced before a concave lens
at any point, the image will

be formeéd on the same side of | 9%t A <
the lens. It will be erect, B F /B
diminished & virtual image, Image e (7)

4 asshown in ﬁgum (7.
THIN LENS FORMULA FOR CONVEX LENS:

. - bhe fclgtion between object distance “p”, image distance “q” and the focal length
“f": of a lens is called “Jens formula™. T
Derivation:
"To derive lens formula, consider an object AB placed beyond 2F of a convex
{ lens. By considering any two refracting rays, the image A' B' of the object AB can be
obtained, as shown in the fi igure. In the figure consider the triangles ABO & A’ B'O.
In these triangles. : »

ZAOB=/ZA'OB= 6 ...... (-~ vertical opposite angles)
Z ABO = £ A'B'O =90° '
As two anﬂles are similar Lhercfore thlrd one will be also equal. Hence triangles

ABO & A'B'C are: similar. Thus, A
AB . AB s ¢ ¢
BO B'O ! ot b 2
OR BO _ABT B 2F P e 2 E
B AB ; : nkl
BO - < i 5 - §
BO (= 5 A
i G srmmonies SRR > »q-f¢
VR ' i 1 i
or S L | (1) ; g : i
A DB P : 5 K-omme Q--.--)
Now consider triangles. COF & A B F. In these iriangles
“ CRO = £ AFB' = o ---- (- vertical opposiie 2ngles)

é u\j-. o -’_ .A lj F 90
. As two angles are similar. Hence triangles COF & A’ B O are similar. Thus
i B CO
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THIN LENS FORMULA FOR CONCAVE LENS:

The relation between object distance “p”, image distance “q" and {ocal fength “f”

of a lens is called *LENS FORMULA".
Derivation:

To derive lens formula, consider an object AB placed before a concave lens, By
considering any two refracting rays, the iimage A'D of the ebject AS cau be obtained, as
shown in the figure. In the figure consider triangies ABO & A'B'O. In these triangles,

Z AOB =/ ANOBE= O ...... (- common angle}

/ ABO=£A'BO=90".

As the two angles are similar therefore third one will be also equal. Hence

triangles ABO & A'B'O .Iare _sfmil-ar.
AR AB
B0 BO
or 2B _ . BO
AB B
BO = q
B = p
A'B' T > f
AB P ] g fsng
: ) : =D p £ —]
Now consider triangle A'B'F & COF. In these triangles,

£ AER'= Z CFO = g —c== (- common angle) :
- o A ean W Twa W Ftord TR TR TR
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LABF= L i‘“{}'i: = 9"
_ AS twa angles are simuiar therefore third one will be also equal. Hence wr ldilth":s
A’ BF & COF are similar. - ot ) _ -
A 2l R |
B'F ]
CO = AB ¢ ‘ '
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Sign Convéndion:

- 1. When object is real “p" is taken as positive. When object is virtual “p” is taken us

‘negative.

2. When image is real “q” is taken as positive. When image 1s virtual “q” 1s taken as
negative.

3. For coneave lens “f" is take:ﬁ- as negative. Here émage 18 'aiways‘ r.-'ifft,i'dl - g is taken

-asnegative.
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'MAGNIFICATION OR LINEAR HAGNIFICATiON: -

The ratio between size of image & size of object is called linear muonification.
It is denated by “M" i.e. . '
__ size of image

e
size of object P

POWER OF LENS: .
. The reciprocal of focal length of a lens is called “power of the lens”. jts unit is

i “DIOPTER". ' '

I diopter is power of a lens whose focal length is “meter”.

2 g =
Focal length in meters
COMBINATION OF LENSES: _ :

In most of the optical instruments two or more lenses are used. Image obtained
due to one lens acts as an object for the second lens. Image due to second lens acts as
object for third lens & so on. The total magnification “M” is equal to the product of
individual magnifications of the lens. i.e. M =M, x My,

- Where M, is magnification due to one lens. & M, is magnification due to other lens.

A N Q]L‘\ = L2 AI
N B M
B I J/ B

Power in diopters .\, =

N7

: - Al
CLOSE COMBINATION OF LENSES: _ :
Consider two lenses L; & Lyof focal length “f;” & “f;” respectively placed in
contact with each other. Let a point object ‘O” 1s placed at a distance “p” from L,. If I
be the irhage formed by this leng then the focal length “f,” of the lens L, is given by

1 P 1
o B e e e—
| s f,_, Py d.
, T :
As P =p so—=&E<F—> (1)
i f: P Q : '

Where q, = distance of image I, from L,. This image now serve as a virtual object
for the lens L,. If this lens. forms an jmage “I" of virtual object 1, at a distance “q"" then
the focal length of the L, is given by ' X5 | '

1 &, 15 @

p, =G,

‘énr Where
: a,=4q

Adding eq. (1) & {2)

gt b b
f-l 1.-: p ql ql q
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If the two lenses are replaced by a singie lens of focal lf:n;:th_ = such that it forms
an image ai a distance “q" of an object placed at a dmam,c " fom it, such a lens s
called “EQUIVALENT LENS” & its focal length “f” is known as “EQUIN -ALENT .
FOCAL LENGTH”. | E
| - | _ wEElED Bey T ¥ oo I
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This show that the close combination of the lenses hehaves a6 3]111:!(, lens.

POWER OF LEHSEE: e

If tweo lenses with foca! leagth “§7 & “f;" are placed in contact with each other.

i

valen: 10°2 sinele fens with 2 focs] lonpd ™ Qbatisfying

the power of lenses is P = P+ I,

Thuq Lhe powers of lenses i contact are simply added to find the resu]lam power
of the combmallon

LENS ABERRATION

There: are two main defects in image formatlon by lenws

L. Splnurfcal aberration
2. Chromatic aberration | = é_,_
y N
el
5,%
<
N -

Sphencai Aberranon.

In Lhe lenses of large dpcrture w0 OT TNOTE 1Mages of an object are :omled close
to each other. This defect is knowri as “Spherical zberration™.

Reason: L0 WWW, educatlomnkarachl org

-Thesurfaces of the lens at the edges have less curvature than central portion.
SO dlﬂ"ere'lt un.i”es are formed at different positions. ' '

‘How'to remove this defect?

(iy. This defect can be removed by using only the central portion of a l;r}s--ﬂiis can be
achieved by using a stop on the lens. This makes effective aperture of lens small.

(ify By making the two surface of lens of different curvatures. _
(iii) By combining a strongly converg,em lens with a weaker diverging lans

Chmmatic Aberration: j
+ When a lens shows image of different colours at different posmons of a white

"obgﬂct then lens is defected: This defect is known as “chromatic aberration™.
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| Reason:

* such portions of the lens, it disperse into ' el \/ —_

HOW TC REMOVE THIS DEEFECT?
ti- . To remove this defect a combination of l - <IN BT '
convex lens & a concave lens is used. : - ﬁé’%\ |

The concave lens is made up of glass of L { by , = i -I

' This combination is known as ‘“‘achromatic !

CAL CENIRE.

~ Inthick lenses small portion of a lens
behaves as a prism. (1. {’E disperses a beam | <
of Jight). When white light passes through '

%7/
y &

VIOLET :

component colours. As a result, the images
of various colours are formed overlapping
each other. ' ‘

suitable refractive index & of suitable focal \/ | &

Jength. The convex lens reduces deviation,

combination lenses.”

| VISUAL ANGLE:

" Angle subtended by an dbje&:t at the eyc.i'smcaﬂed “visual angle”.

MAGNIFYING POWER:

1t is the ratio between the angle subtended at the eye by an image & the angle
subtended at the eye by the object when placed at the same distance (or when viewed

directiy).

ANGULAR MAGNIFICATION:

. His the ratio of the angle subtended by the image to the angle subtended b} the
ohject af the eye. t

MAGNIEYING GLASS OR SIMPLE MICROSCOPE:

It is a single convex Jens which is used to enlarge the image of an object if the

' lehject i« placed within its focal Jength. It is also called a “Simple Microscope™.

* Construction:

It consists of a converging lens of small focal length fitted in a ring.

Working: ' i
: An object AB is placed within focal length of the convex lens. its virtual, erect &
magnified image is formed on same side as the object. The distance between the object

" & ‘the lens is so adjusted that image, A'B' is fermed at the least distance of distinct

vision “d” 0 we can see the image most clear.

Magnifying power:

Magnifying power or Angular Magnification “M” of a magnifying glass is

“defined as the ratio of visual angle “p” of the image seen through a magnifying glass to
“the visual angle “a’ subtended by the object when placed at the least distance of distinct

| vision i.e. 25cm.

www.educationinkarachi.org
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AB AB | B'; : “Tﬁé%“J ;ﬁji},

Tan gzﬁ:-T | : . V\

If B is small then tan B=p : F!gurc 2
A B .,

B = : > (3
p

- Putting the values of « & B from eq. (2) & (3) in (1)
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COMPOUND MICROSCOPE

A ccmpound microscope is an optical
such as gefms & ather microbes.

CONSTRUCTION:

mstmment used to see vﬂry q*nal* nmeu

It consists of two convex lenses ﬁtted at the ends of the two tubes whwh can slide

into or out of each other.
Objective:

small aperture.
Eye piece:

The convex lens near - the object is called ObJCCUVB It is of short focal length and

The second convex lens near the eve, is cal}eﬂ ‘eye piece. It is of long focal length

and large aperture.

Working: :
* The object AB is placed between Fq & ZFn of thP ob;cctwe It gives real, inverted

& magnified image A'B' of the object AB.

-

Position of the eye piece is such that the image 'AB' acts as object for eve piece

111::; Jens gives final image A'B"

which is formcd at least distance of distinct vision from

the eye piece. The final image is v1rtual inverted thh respect to the object, hlghly

magmf' ed & most clear.

o A

B(—--—-----d-------~->o

Eye piece

b Figure |

Figure 2
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'MAGNWING POWER:

The ratio of the visual angle “p” subtended by the image at the cye to the angle

‘a” subtend by the object when both are

-maomfymg power "M

ie’ M = g ——-—-——~+ (1)

A @
in fig (1), © tana= e
L B.O

BO=d
- AR
{al @ = ==

S - d

Asoissmall .tano =«

at same distance from the eye, is called

~www.educationinkarachi.org
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g, o= " N
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. .AII B)}
tan § = '
. BI!OI
B"0'=d ' ; ;
A.“B”
tan f = —— ' _ LQ‘ :
. : i s
: . S
As B is small SotanB=p 4 : TS
L3 ir b::? C"‘; ‘:::' s >
P“ A"B {3) £ . [:'tr 2
R > . : ' el
T s [ N o
G : _ q?\rdétf i
Putting the values of o .&_ p from eq. (2) & eq. (3) ineq. (1) Frsas
g A" Bn = : i . ! C;_\_T.: QD&?CJQ? ‘__V
————— y % . k 14 - b
Mo oA A d | S oS
7] B = A : o o W a:‘ )
BBivrn b o AR LSy 8
d | g e
A"B” ‘ ] =
AB ’

Mul%iplying & dividing right hand side by A' B"
' .'dlw Bll A1B1 .A.IE‘ A" Bn .
M=-——x = X —

AR AR AB A'B'

CA'B' size of image formed by objective.

>(4)

AB size of objéct P 5

' A"B'
Where M, = magnification of eye piece = E—'

¥, A'n X
Futting the values of & — 10 eq. (4)
AB A'B' ;
M =M, x MJ ¥ (5)
Since eye piece acts as magnifying glass

M=1+ % ‘
:

. = fecaldength of eye piece

Pa | :

s a if a‘i\l
", £q. (8) becomes, M = ";* i’{ b 1 * {6}
_ TR
If the object AB is very close to the focus of the objective & the image A'B’ is
- formed very close to the eye piece then

Py = £, = focal length of objective

T LW e M it A SN
g =L = distance betwean the lenses or lengin of

i i

the microscope.




ASTRONOMICAL TELESCOPE:
: An astronomnical telescope is an optical instrument which is used to see hea venly
bodies such as moon, stars. planets etc. ik

CONSTRUCTION:

It consists of two convex lenses fixed at the ends of two tubes one of these tubes
can slide into or out of the other tube so that the distance between the lenses can be

changed.
Obijective: - em
, object AB s at objective ¥
) The convex lens i © filerrd fo '-I-‘“}EE:.cpi-ccc q
near t'_hf_: Obje(,:i is called — g g 0({ S
objective. It is of long ] - AP
5 2 g \ 5\ /r' 1
focal length and large | 3 ST ;
aperture. , ' Py !
 Eye piece: L W !
The second' convex J e e e _}i
lens near the eye, is called : ool s .
S e . ; e Figure (i)
eye piece. It is of short (g ' :
‘focal length and small : i
aperture. ' i
: . A
WORKING:

When parallel rays of light from a distant object falls on the objective, a real,
inveried & dinvinished image A'R' is ehtainzd at principal focus of objective. This image

A'B' acts as object for the eye pi€ee. The position of the eye piece 15 sucn ghat & o
magnified & virtual image A"B" is obtained. : '
Now the position of | }___'_“_,,_, TSR l'”“'{

eve piece i so adjusted
that the final image A"B"
15 formed at the least
distance of distinct vision
as shown inv figure (1). So
we can see the image
most clear. The * final
image is virtual, inverted |
& 'magnified as compared"
- fo° that when_ seen by : I S 'FCIY Lufl: e L]
nacked-cye. .

MAGNIFYING POWERWWW. educationinkarachi. org

The magnifying power of the telescope is defined as ratio of the angle subtended
at the eye by the final image to the angle subtended by the object itself when both the
object & image are at infinity. '

Figure (ii)

To obtain this condition the position of the eye piece is 50 adjusted that the image
A'B' is formed at the principal focus of the eye piece & the final image is formed at

infinity, as shown in figure (ii). By the definition of magnifying power, M =
ey : S
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where o = angle subtended by the object

3 = angle subtended by the image. -

In triangle A'B'O

JL‘\ B.
tap @ = —
-
for small o
ten o 2 @
_A'B A
; - (1)
In triangle A'B'0)’
A'B’
Bn b= =
ﬁ ro.‘
For small B
anP=f
A'B'
= ; B 2
Be @
Dividing eq (2) by bg (1)}
A'B’
B f
__M e iy — L
a AR’
g
- AB £ I
. f. AB
M = ,iZ\L
- f
Thus M= 2=

focal length of objective

Magnifying power e

‘A "hw.u tﬂﬁ' tPeeb‘:OPQ

B 1G58 Ln.:.m..- Andd

Lcngth ofielescope = £, + f,
GALILEAN TELESCOPE

Itis an optxcal instrument which
is used to see erect nnage of distant
object.

CONSTRUCTION:
It consists of two lenses fitted ‘at

the ends of two tubes which can shde

into and out of each other.
The lens towards the object, 15 called
“objective”. It is convex lens of - large

aperture & focal }ength The lens towards the eye is called “eye piece”.

lens of small aperture & focal length. _

focal length of eye piece

LENGTH OF TELESCOPE:

Py | Frmgp v-

¥ 2O
eis J.n..l.l\ 1 »

e i Ll e sl il E R B RS o LoD R B

the fength of the telescope is ec;ml o

the sum of the focal lengths of the objecu ve & eye piece, as shown in the figure (2)

eye piece

objective

Figure (1)

It 15 a concave




I' f 3 } A=Y il LItopic s by &A= 1Jd
WORKING: _ S W
When parallel rays of light from 2 distant object falis on the objective,. its real,
inverted & diminished image A'B' is formed at focus “F," of the objective. This irnage
~acts as virtual object for eye piece. The eye piece forms its erect and virtual image A"
B". The position of the eye piece 18 50 adjusted that the final image seen is most clear as
» | shown in Figure (i). The final image A"B" is virtual, erect by unaided eye.
MAGNIFYING POWER: : . ' ,

The ratio of the angle B subtended by the image at the eye fo the angle “a”

P TR WA 1T

1.

;| subtended By the object at the eye when both are at-the same distance from the eye is
E . called magnifying power “M” Le. ' ' ' it S
: S8 objective gve piece

b To obtain such condition, the

.| eye piece is so adjusted that focus of

3| the two lenses coincides. The image

,| A'B' comes at the principal focus of

: | the eye piece & the final image is

i| formed at infinity as show in fig (ii)

$1 In triangle A'B'O, EE

; ; ArBt

5 Bng= ——

4 OB

& As o is small _ g | Figare i)

3 lAn =

3 Thus a = +(2)

; & : .

: = < i : . -
: In triangle A'B'O

2 ~ A'B

3 tan f = ——

4 O'B'

3 - As B is small :

y nuanBz=p e v

z '‘B" -- = g e B

d . Thus p= —=—"—+@3) : EAN .

o = »-:“ e £ i"_":l

; . EERC 3 =i,

2 Putting the values of o & P} from eq. (2) & (3) 25 {% Lo

5 i i

2 In eq. (1) | | s S

x | ;SRR - 2,5 2 8 Tk

f g | t';-.-?\ =7 g 2 ::lf'_"._‘.\ :
= o f ' N i i
- M: - 1! 1 ‘E"’-:?a ;r -:t
5 w5 L e o
b f &

2 iy

; A'B'

5 =X —

0 . AR

g - L] L L]

o u- & Www.educationinkarachi.org
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_ focallength of objective
focal Jength of eye piece
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LE"%GT.[{ OF TE iES""UFE"
When the !.c,la.,smpe 15 focuscd for mﬁmty the !c:.n;;th L7 of telescope is given by
TERRESTRIAL "?'E&Eﬁ:ﬁ?’ﬁ'
it iz an optical mqtmmen* which is used to see disiant object on the earth. 1t yives
erect umages. ' ; '

CONSTRUCTION: |

it consists -of three convex lenses. The lens towards the objest is called
“objective”. 1t 18 of long focal length and large aperture. The convex lens near the eye is
" called eye piece. It is of short focal length and small aperture. The third lens'is used in
between the objective & the ;w‘ piece is called “crecting lens or field lens”. Its focal

lerigth is small.
WORKING:

As the oby*ct is at infinity with. m}pe:c,. io the objective. The image is real,
-inverted and diminished. The position of the erecting or field lens 1s such that the image
A'B' is formed at a distance 2F of the erecting lens, so its'real, inverted image A"B". the
eye piece is 50 adjustea that the image A" B" i§ formed within its focal length. The eye
piece forms final image A™ B"™ at least distance of distinct vision. The final image A"
B" is virtual & erected with respect to the object. It 18 marrmf ed with respect fo the

object : seen by unarde.d eye.
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MAGNIFYING POWER: . - o e s
Since the erecting lens does not magmfy thcrcfore the manmf\ung, power of the
terrestrial telescope 1s the same as that of the astronomical tc]escope 1.6
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Approximate length of terrestrlal telescope 1s

E=i+are1l www. educat10n1nkarach1 org

f, = focal Icngth of objectzve

f. = focal length of eye picce :

f = focal length of erecting or field lens. On]v disadv aniage is that the telescope
comes mconvemcndy long. : ' '
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SPECTROMETER: St

It is an instrument used to study the specttum of luminous bodies. The essential

_parts of this instrument are: -~ -

a) Collimator b) Telescope ! ¢) Turn table
- Tur G I i At !
Table/ « i 0N Ny B 3

Collimator Telescope

a) COLLIMATOR: N ,
: It consists of a metal tube provided with a convex lens on its one end & an
adjustable slits on its other end. The length of the tube is altered by a screw to be equal
to the focal length of the convex lens so that the collimator produces a parallel beam 'of
light. The instrument while turn table & telescope can rotate absut 2 common axis.
b). TELESCOPE: s ' P o '
| It is a simpie astronomical telescope which is used for making measurements of
for examining the spectrum. The adjustment for focusing the telescope is made with the
help of screw. Telescope can rotate about an axis., ' ' |
€) TU-R.N_TABLE:.‘ o A St ‘

It is a circular metallic plate which can rotate about an axis. Its height is also

- adjustable.& this can be levelled by means of three screws. . . :
" There are arrangements for fine motion of the telescope & tum table. A vernier _

scale is provided to measure the angle with great accuracy. i.e. in degrees & minutes.

Before using, the collimator is adjusted for parallel rays & the.telescope is
focused for parallel rays or. for infinity for this it is focused on a distant object. |
USED: - BE a W Yy _ | _

The spectrometer is an -analyzing instrument used primarily to discover &
measure the wave lengths of given light. - | - '
EMISSION SPECTRUM: = o ; . A ._

" When light from an incandescent solid, liquid or gas is examined. by
spectroscape, sevéral images are.’seen separately. This spectrum is called “emission
spectrum.” . ¢ : -. RN . |
. Thereare 1]1_(3& kinds of emission spectrum. _

1) CONTINUOUS SPECTRUM: o | TRy ,_
~Ifall the visible wave length are present iri the light which is analyzed, the ymages
overlap into continuous patch. This is called “continuous spectrum’. Sk '
2) LINE SPECTRUM: ' “Lign MRS o3 ;

If the source emits only a few definite wavelength. the spectrum viewed ‘consists
of bright lines separated from each other. This is called line _spectm'm._' 2
3) BAND SPECTRUM: : TS _

This spectrum consists of bands when high dispersion or resolving powers of grating
or prism is used, each band is found composed of many lines-arranged in series. . .
4)  ABSORPTION SPECTRUM: . Chassea

If light containing all the wavelengths is allowed to pass through absorbing .
“medium in gaseous state: before entering spectrometer, some of the S&'ﬁ»‘ﬁl’&;lgths are
“absarbed & the resulting spectrum will be formed to have dgi‘k lines showing the
absence of these wavelengths. This type of spectrum is called Iabsorptiqn spectrum.,
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