MI&Mm
T uubys
ﬂhmmmmm‘”'t

Mhﬂﬁﬂmﬁnhﬁh—n

#("MH
mm.lqmrmﬁ-um“nm
Soarmy Seecvemmy wmpdliod s> R et o RN

From a poimt of the object. shthough e
:ﬁthm;?ﬂwﬁh mfimite swmber of rave mavel m all poxable
sherwn tay and (b) rewpectively divections, but we choose only e convenent

() Ay of Rght inhlon v the apstond covare O

hhmﬂmm

ravs ot of the above mentivned three rays from
mieet (or appear 1o meet) abler refraction from e
fems s the mnage of that poant of the object. The
mmage s obtmncd m & siilar manner for each
poimt of the object and all these wmage pomts

Ll wgether then form the full image of the object
ok Serbige b Kind of imoeges : The images can be of we

Fig. 519 A ray through the opticenter pasves sndenated kind - (1) el and (2) virnel
(Y A ray of light incident purallel to the () Rew! image : If the rays from a pomt of

principal axis of the iens. after refraction object after refraction through the lens

passes through the second focus F, (a4 actually meer at a poind, the image s read 1T

gonvex lens] OV appears 1o come fnm she ot mn s placed at thas point, the image s

second focus ¥, (in a concave lens) as shown obtained oo | (Le., a real image can be

in Fig. 5.20 (a) and (b) respectively. obtained om a screen). It 18 inverte] with
Ao g respect to the object.

(2) Virtuel image © If the rays from a point of
ahgm:uhwﬁmmwﬂmhmm;mi

"‘ﬂ!(ﬁliﬂﬂmmg'tfmbi‘

Comver lom
” obtained on a screen). However, the eye ket
Fig. S0 A ray imoident pavaliel to principal axz vither between the diverging rays is able w0 e the
P o aquears 32 pase Hopngh the stound faces umage because the eyc lens being comves,

m A ray of light passing through the first focus converges the divergmng rays 1o fonn the unuge

 E fin a camvex lemy) or directed sowards the on the retina of eve. The vutual image ©» ertect
for upnght) with respect (o the objpect

ﬁﬁmt F, (in a comcave hu;l emerges
| g
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A ray diagram (o
the Characteristjcs 0
convex lens i drawn
below.

determine the position and
[ the image formed by a
following the steps given

(1) Draw a line PQ across the paper. Name it as
principal axiy. Choose a point O on the
principal axis as the optical centre (Fig. 5.22).
Draw the convex lens and its principal section
by a vertical line passing through O. For a
thin lens, we shall show the light rays to bend

at this line, instead of bending them at the
(wo surfaces of lens.

!
Fig. 5.22

(2) Choose a proper scale and mark fwo principal

foci F| and F, on the principal axis PQ
(Fig. 5.23). F, is on the left of O, while F,
1S on the right of O at an equal distance j.e..

Draw 2 Straight line AE on [‘h‘? Principa X |
Lo répresent the vertical linear Ubjft‘f of |
given height at the given position ﬂccardmg

o the scale choosen (Fig. 5.24).
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Fig. 5.24

(4) Draw one ray of light AO from the top
point A of the object, passing Straigh
through the optical centre O of the lens
without any deviation (Fig. 5.25),

Fig. 5.25

(5) Draw second ray of light AD from the samg
top point A of the object, parallel to (ke
principal axis PQ up to the lens. Afyer
refraction, this ray will pass through the
focus E, as DA” (Fig. 5.26).

Fig. 5.26

For the second ray, the other choice can he
to draw a ray AD’ from the top point A of
the object passing through the first focus F,
and then up to the lens. After refraction. this

ray becomes parallel to the principal axis PQ
as D°A” (Fig. 5.27).

OF, = OF,, since there is air on both sides P
of the lens.
Fig. 5.27
P - IF Q 6 : ;
Fi 2 (6) The point A’ where the two telracted rays
meet (or appear to meet) is the image of the
Fig. 5.23
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patnt A of the object, By drawi
. ~ob, fawing
perpendicular A'B" from A’ o the line :“Q‘

we get the image A'B’ of : .
(Fig, 528). _h° object AR

Fig. 528 Three constraction rys in a convey lens

(N Mmm the height A'B” and the distance OR’
of the image and then convert it on the
chm_mn]e o get the actual height or size
of the image and position of the image.

The same procedure is adopted to draw the
ray diagram for a concave lens. In a concave lens,
the focus F; is on the right of optical centre O
and the focus F, is on its left. In Fig. 529, the
ray of light AO incident at the optical centre
passes undeviated as AOX, the ray of light AD
mcident parallel o the principal axis will appear
1o diverge as DY from F, after refraction and the
ray AD’ appearing to meet at the focus F, will

become parallel to the pnincipal axis as D'Z after

refraction. The refracted rays when produced
backwards, meet at A”. Thus A’ is the virtual

image of the point A of object. For the object AB.
the virual image is A'B".

Fig. 5.29 Three construction rays in d cencave lens

AND LOCATION

sijﬂamcramsncs
X/ OF IMAGES FOR A CONVEX LENS

Now we shall consider the ray diagrams for
formation of images by a convex lens (focal
length = f) for different positions of the object.
Let u denotes the distance of object from the lens.

Case (1) : When the object is at infinity (Le., u = o)

In Fig. 5.30, the rays coming from an object at

e - 5 i L F 1 ] s s ....-.. — = 41
. ' [ & . e . o s EE
'|,' .'||.| e P i i :g. o4 "'|ll‘r|j el W e T

mm canvex lens parallel 1o the principal axis of the
lens, which after refrnction pass through the second
focuy B, of the lens. Thus a resl, inverted and
diminished (almost to a point) image is formed at the
second focus on the other side of the lens.

Fig. 830 bnage formation by & convex leny for
at-ofifect 4t infinity

IF the object AB ix at o far distunce (u > [y ;
The light rays reaching the lens from a point of the
object will be parallel to each other, but will be incident
obliquely on the lens. In Fig. 531, the object AB is not
shown. The rays from the top point A of the object are
obliquely incident on the convex lens. The incident ray
passing through the optical centre O travels undeviated
through the lens, as OA". Another ray from the same
point A of the object, incident on the lens through the
first focus F,, after refraction becomes parallel to the
principal axis as DA’. The two refracted rays OA’ and |
DA’ meet at a point A" Thus A" 1§ the real image of |
the object point A which will lie in the focal plane of i
the lens passing through the second focus F, Similarly,
for the bottom point B of the object lying on the
principal axis, the image will be B’ at F,. Thus B'A" is
the real, inverred and highly diminished image of the
object AB formed in the second focal plane.

- |
Fig. 3.31 Image formation by a convex lens | ‘
for a very distani object ¥

Characteristics and location of the image formed

The image is at the focus (or in the focal plane) on
the other side of the lens. It 18

(a) real, (b) inverted, and (¢) highly dinmnished.

Application : In thisx manner, & convex lens 18 used
cither a8 a buming glasy (Fig. 5.3 or a camera lens
(Fig. 5 3). To use the convex lens as a burning glass,
the rays of hight from sun (at infinity) are brought W
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i Pig. 532 AB is an object placed on the principal
axis of a convex lens al a point beyond 2F,. From the
point A of the object, the ray AD incident parallel to
the principal axis, after refraction through the lens,
passes through the second focus F, as DA’ The other
ray AO mcident at the optical centre O of the lens
ravels undeviated as OA’ The two refracted rays DA’
and OA” meet at a point A", Thus A’ is the real image
of the point A of the obyett. Similarly B is the umage
of the pomt B of the object. Thus A'B’ is the real,

inverted and dimimished image of the ohject AB.

Fig. $.32 Image formation by a convex lems for
the olgect bevond F

Characteristics and Jocation of the image formed
The image is between F, and 2F, on the other side
of the lens. It 15
(a) real, (b) inverted, and (c) diminished.
Application : A convex lens 15 used in Hus manner a8

s comera lens. when the object, ool very far s o
pliotographed
(ase (i) : When the object is at 2F (ie., u = )
In Fig. 5.33, AB is an object placed on the pnncipal
axis of a convex lens at a distance equal to twice the
focal length of the lens ie, at 2F,. From the point A
of the object, the ray AD incident parallel to the
principal axis after refraction through the lens, passes
through its second focus F, as DA’ The other ray AO
incident through the opucal centre O of the lens, travels
undeviated as OA” The two refracted rays DA’ and OA’
meet st a pout A which is the real image of the point
A of the object. Sinularly for the point B of the object,
the mpage is at B". Thus A'B’ is the real and inverted
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wige of the object AR Thus wnage B of same size ﬂ.J |
the ot L ﬂ%, ¢
: W
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511 hmage formuation fry 0 CONVEX leny
for the abject of 2F,
Characteristics and jocation of the image formed
on the other side of the leng,
and (¢) of the same size a¢

Fig

The image is at 2F,
It is (a) real, (b) inverted,

the object.

Application : In this mannes, &
a terrestrial telescope 10T SIECHNg

formed by the objective lens.
Case (iv) : When the object is between F, and 2;1

(Le., f<u<2f)
In Fig. 534, AB 18

convex lons 18 used |y
the inveried image

an object placed on the principal
axis of a convex lens at a point between F, and ZF
From the point A of the object, a ray AD mcident
parallel to the principal axis, after refraction from the
lens, passes through its second focus F, as DA". The
other ray AO incident towards the optical centre O,
passes undeviated through the lens as OA’. The twe
refracted rays DA’ and OA’ meet at a point A" which
is the real image of the pomnt A of the object. Simularly,
for the point B of the object, the image 1s al B’. Thus
AR’ is the real. inverted and magnified image of the

object AB.
Ap s

F,

=4

»
Fig. .34 Image formation by a convex lens for
the object between F and 2F

Characteristics and location of the image formed

The image is beyond 2F, on the other side of the
lens. It i1s (a) real, (b) inverted, and (¢) magnified.
Application : In this manner, & conves lens s used n
cinema and stide projectors. Here the magnified imag
i obtmined on a screen plm‘ml i o lat—'rge distance o
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In Fi't 'i 1%, AB h ’lll objest ‘Hll“d ut ihi

being tnrnl]e.l to ;nclt other,
do nOt converge al a point at finite distance. For

point B, w:k image will be at B’ at mnfinity on the
principal Thus a highly enlarged image A’B’ 1s
formed at infinity.

P 535 Image formation by a convex lens
?c?rr thee 4&;«1 o F

Characteristics and location of the image formed

The immage 1s at mhnity e, at a very far distance,
on the other sade of the lens. It s (a) real, (b) inverted,

and (c) highly magmfied.
Apphcation : Iu tus mansner, a convex lens is used in
.:h‘-i" ] :rffffuia. ' -ff ol "P;If’": Iroomeier W .lfi“_:__‘tln & Pu ilf"i

beam of Lghn by placing the source of lght o1 the foous
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Case vi - When the object is between the lens and
focus (Le., between O and F, or u < f)

In Fig 5.36, AB is an object placed on the principal
axis of a convex lens between its optical centre O and
the first focus F,. From point A of the object, a ray AD
incident parallel to the principal axis, after refraction
through the lens passes through the second focus F, as
DF, The other ray AO incident at the optical centre O
of the lens, passes undeviated as OO’ The two refracted
rays DF, and OO’ do not meet each other, but they
appear to diverge from a pmm A’, ie., when they are

mﬁﬁmwwummwml f Ll
'Mu This, A'B s the wirtual, erect snd magnified ||
image Of the object AB which is formed on the same |
Mide and beltind the ohject, The image can be distinetly '-
mll b}‘ the eye by keeping it at the position shown in b 111
Fig. 536 5o that the eye lens converges the diverging

rays to form a real image on the retina of eve

Fig. 5.36 Image formation by a convex lens for the object
hetween the oplical centre and the focus

Characteristics and location of the image formed

The image is on the same side and behind
the object. It 1s (a) virtual, (b) erect or upright, and
(¢) magmfied.

Application : In this manner, a convex lens is used as
a reading lens (i.e., a magnifying glass or a suimple
microscope) to form a magnified virtual image of a nny
obtect (such as a small letter of & book or & small part
of 2 wallh etc.)

Inference : From above, we notice that both
the real as well as virtual images can be formed
by a convex lens depending upon the pesition of
the object relative to the lens. The size of image
(magnified, diminished or same) also depends on
the position of object.

(1) When object is very far off from the convex

lens, a real, inverted and dimimshed image
is formed at the focus,

(2) As the object moves towards the lens up to 2K,
the image on other side of lens moves away
from the focus of the lens up to 2F However,
the image formed will remain real, mverted and
tllmlmshed but ILs size wﬂl graulually increase.
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