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5.10 SIGN CONVENTION OF MEASUREMENT

QF DISTANCES

We follow the cartesian sign convention to
measure the distances in a lens according to which:

(1) The optical centre of the lens is chosen as
the origin of the coordinate system.

The object is considered to be placed on
the principal axis to the left of the lens.

All the distances are measured along the
principal axis from the optical centre of
the lens. The distance of an object from
the lens 1s denoted by u, the distance of
image by v and the distance of second
tocus (ie., focal length of lens) by f.

The distances measured in the direction of
incident ray are taken positive, while the
distances opposite to the direction of
inCident ray are taken negative.

(2)

(3)

(4)

Fig. 5.52 Sign convention

(5) The length above the principal axis is
taken positive, while the length below the
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(6) Fig. 5.52 shows the distances for the
convex and concave lens according 1o tlu -
sign convention, By sign conveniion, the

focal length (= OF,) of the convex leng jy
positive and that of the concave lens is 2

‘negative. The distance of object (u) in

front (;f lens 18 alwa_}'g nﬂgﬂtiVC, T‘h‘ ‘ '-

'l.

distance of image (v) is positive if it jg =
real and formed behind the lens, while it
is negative if the image is virtual and

formed in front of the lens.
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The equation relating the distance of object (w),
distance of image (v) and focal length (f) of a lens
is called the lens formula. It is same for both the
convex and concave lens and is given as
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Derivation® : Fig 5.53 (a) and (b) show the
formation of image A B, of a linear object AB

by a convex and concave lens respectively.
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(a) Convex lens m :

o ) e ;
R = 1 e
(b) Concave lens
Fig. 5.53 Lens formula

principal axis 15 taken negative, ’ Derivation 15 not included in the syllabus
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In Fig. 5.53, the triangles ADB and A,08B,

are wlentical or uf « uv = vf
Mﬁ QB or M r’rf = 4y I
B,A, ¥ OB, ant) Dividing both sides by uvf, |
Similarly & DOF, and & A,B.F, are {dentical b o d %)
oD oR | Y wa wenil
Bit KB From egns. (iv) and (v), it is clear that the
‘ expressions are same for both the convex and
But BA = QD concave lens, |
m - G i v - p
: 0;‘ it} Note © In numericals, the known values are |
" RS, by substituted with their proper sign and then
an ans.. (i) Ill\d lﬁ) lhe unknnw" quuﬂlity _il ﬂ‘btﬂiﬂﬁd Wilh iti
: ; proper sign. According to sign convention |
OB & OF (i) for a convex lens u is always negative, f 1s f
OB, = KB, =D always positive, v is positive for the real image |

(a) For convex lens : In Fig. 5.53(a), by sign and v is negative for the virtual image. But
canvention, dmum:e of object from the for a concave lens w, v and f all are negative

jcal ceatre OB | : and the numenical value of u is always greater
optical = u (negative), focal | =~

length of lens OF, = f (positive),
distance of image from the optical centre
OB, = v (positive), and

F.B, = OB, - OF, = v - f (positive)

5.12 LINEAR MAGNIFICATION

It 1s not sufficient to know the postion
of image of an object by a lens, but it 1s

From egn. (i), also required to know its size. When the position
of object changes, there is a change n the
i » position as well as the size of the image. The
v, el ratio of length of image 1 perpendicular to the
or —uv + uf = vf principal axis, to the length of object O, is called
or uf ~ vf = uv the linear magnification. Tt is generally denoted
| by the letter m and is related to the distance of
Dividing both sides by #7. image (v) and distance of object (w) for both the

f | convex and concave lens as @
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(b} For cvoncave lens : In Fig. 5.53(b), by

sign convention, OB = u (negative), 5-2)

OF, = f (negative), OB, = v (ncgative), | et i ‘
and F,B, = OF, - OB, *Derivation @ Fig. 5.54 (a) and (b) show the
= f ~ v (negative) formation of image A B, of an object AB by the

| convex and concave lens respectively.
Substituting these valuu in nqn. (1),

—ly




(b) Concave lens
Fig. 5.54 Magnification

In Fig.

5.54, AABO and AA B,O are similar
triangles

Bray = 22 il
BA OB

(a) For convex lens : In Fig. 5.54(a), by
sign convention, BA, = I (negative),
BA = O (positive), OB, = v (positive) and
OB = u (negative).

From eqgn. (i),
i T
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o= '6* = (1)

(b) For concave lens : In Fig. 5.54 (b), by
sign convention, B Ay = I (positive),
BA = O (positive), OB v (negative)
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or

and OB = u (negative), 0 )%

From eqgn. (i), ¥t
I -y | Vv
ol 5 ...(111)

From eqns. (ii) and (iii), it is clear that the

expressions for magnification are same for both
the convex and concave lens.

Note : (1) For the real image (which is
inverted), the magnification m is negative,
while for the virtual image (which is erect), the
magnification m is positive. Thus a convex
lens can have the value of m positive as wel]

optician does not quote the focal length of lens,

but he quotes the power of lens. A lens is Gf
power 1 dioptre (or 1 D), if
I m (or 100 cm).

deviates the light ray,

or neganve.z If a lens deviates q ray rowards its

it deviates the

power is negative.
the power of a convex lens is

msitim
negative. Thus power of

en

centre, the p

ray away from its centre, the
Therefore
and of a concave lens is
a convex lens of f

" 134 e
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oncave lens always has ¢ ﬁ‘__ :

as negative, but a €

value of m poszme
(2) The numerical

value of m ;s greater |
qonified, is 1 for lmﬂﬂ
thfan ;elf;;r;zgzslso? tﬁc object and is lm 4
?ha:fll for the diminished 1mage. t:huslt?@
numerical value of m is always less atael: of
a concave lens, while it can be gre Tm‘ te
equal to or less than 1 for a convex lens |

depending llpOl‘l the position of [ile object. .
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513 POWER OF A LENS

When a beam of light passes through a 1515'
it gets deviated from its path. The devlau
produced by the lens is expressed 1n terms of jtg
power. A lens which produces more deviation hm

more puwer Thus,

A thick lens ie., a lens (having surfaces of[

more curvature) is of short focal length and it
deviates the rays more, while a thin lens (ie., a
lens having surfaces of less curvature) is of large
focal length and it deviates the rays less. Hencc 3
power of a lens i1s expressed (or measured) m

terms of the reciprocal of its focal length. Its um:!;
1S dloptre (symbol D) Thus

..(5.31-" "f-:?'

While giving prescnpuon to a patlent aﬂ,

its focal length 13

Depending on the direction in which a lens
its power is either positive

er 1s positive and if

cm is + 5.0 D
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while that of a concave lens of same focal length
is = 30 D

If two thin lenses are placed in contact, the
combination has a power equal to the algebraic
sum of the powers of the individual lens. If a
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{. An object of height 4-0 ¢m is placed at a distance
24 ¢m in front of a convex lens of focal length

8§ em. (a) Kind the position and size of the image.
(b) State the characteristics of the image.

Given : O = 4.0 cm (positive), u = 24 cm (negative),
f =8 cm (positive)
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a) Fromrelation = - — = 7, - = —
{) v i fl v I{+f
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or v=12 cm
The 1mage is at distance 12 ¢m behind the lens.

From relation o - k4 —I— = _E_
' WRERRE T L g Py
12
or l=—‘££ X4==2cm

Thus the image is inverted of size 2 cm.

(b) Characteristics of the image : The image 1is
real, inverted and diminsihed (size 2:0 cm).

2. The focal length of a camera lens is 20 cm. Find
how far away from the film must the lens be set
in order to photograph an object located at a
distance 100 cm from the lens.

Given : f = 20 cm (positive), « = 100 cm (negative)
SRR L g
romrcauonv—u_f, v_u+f

) e Yt L o
OF 2% B gl WO 0%
or v=25cm

Thus the lens must be set at a distance 25 cm from
the film towards the object.

3. A convex lens forms an image 16°0 cm long of an
object 4-0 cm long kept at a distance 6 cm from
the lens. The object and the image are on the

same side of lens.

s

g - L = g

- - - :‘F_‘ g [N B oy |.. ] . -" . :'-' 40 - .I ' l..: i‘f "i'.-" e & " ". i -'l'; N, L X O LN B, i 1-I i "q r i L ) b { - . i _ o e z
3 3 i, L e Ly Jrﬁ, = | Jn".‘“i'.‘:..ll g o L i ‘ﬁ FIP¥-\- S . hi . ."'t [ i u .'“."'h.*Il : g b F £ IR L L w v " [ T II I
- A it - 1ed . h ; E - B lII II L.# il "E'. Ly ‘_1}@ BTy 1 & ."'I': :- i :-'._ ™ . " ,.I_. e R LI L ] .-l A _."‘. ‘.._. r"... i Jhi J .
o T L P AR e R i e X T H -.1‘1..?4}!‘ ﬂu'.j' ¥ TR 2t RN r-.r-j-‘-i p -rn-;‘éjl. R L T, g A

- [l dr &
iy Bt AL .
i ¥ ] L i S = "1!'.'
o TR - - F | [
i . - : al Fiy N - (|
§ & i 4 ’ = o %
! : o ¥ Ly E s
. y F 1 & L B, o B <l |
k. g J CRY _':_“ -Il H ..‘ _"_. F rr; .'l.:ll'l’ .'r'
« S - il 1 L o

convex lens of power + 2:0 D is kept in contact
with a concave lens of power — 2-0 D, the
combination will have zero power and it will
behave like a glass plate.
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(a) What is the nature of image 7
(b) Find : (i) the position of image, and (ii) the
focal length of lens.

(a) Since the image is magnified and on same side of
the lens as the object, so the image 1s virtual.

(b) Given : I = 16:0 cm (positive),
O = 4.0 cm (positive), u = 6 cm (negative)
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(1) From relation, m = e TN R

or v=-24¢cm

Thus the image is at a distance 24 ¢m in front of
lens.

G s i e 0 el
(11) From realtion o I

1 o) G () Sl S TR
or f=8cm

Thus the focal length of lens = 8 em.

4. An object is placed at a distance of 10 cm in front

of a concave lens of focal length 10 cm. Find :
(a) the position of image, and

(b) the size of image in relation to the object.
Given : ¥ = 10 cm (negative), f= 10 cm (negative)
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(a) Frommlahon:—'E:f, ;=;+f
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Thus the image is formed at a distance 5 ¢cm 1n
front of the lens.

: | V | -5 1
(b) Fromrelauono_u, e = —

Thus the size of image is half the size of object.

| 5. Where must an object be placed in front of a
convex lens of focal length 20 em to obtain a real
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