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Reflection at spherical mirror

Aperture : The edge of a spherical mirror 15 a circle. Part of the plane of circle, enclosed by the circle
1s called 1ts aperture.

Paraxial Ray: A light ray incident on the mirror at very small angle then the ray is called paraxial ray.
Marginal Ray: A light ray incident on the mirror at finite angle then the ray 1s called marginal ray.
focus :Suppose a light ray AQ parallel to x axis become incident on a concave mirror at angle of

incidence 6 (fig). After reflection we have reflected ray QF at angle of reflection 6 which intersects x axis
at F. We want to calculate PF

In tnangle CFQ

SOCF = Z40C =8 (alternate angle)
= triangle CFQ 1s an 1soscless triangle (CF=0QF).
— CN=QN=CQ/2=R/2
In triangle NF(Q) A N

cosp=N _R/32 N

QF  QF g
R
F= C
= = coso
R
_OF =

- CF=QF = 0s8

—PC-CF=R-CF=R -
PF=PC-CF=R-CF 50080

For marginal rays 0 is not small. Hence different light rays intersects x-axis at different points. But if we
consider paraxial beam (8 — ()

K
= PF:E (AsB—=0 = cosb—1)

.e all the light rays intersects x-axis at single point. This single point is called focus of the spherical mirror

As1increases cos 1 decreases. If11sasmallanglecosi = |
Hence CQ) increases CQ=R/2
Principal axis : A line passing through focus and centre of curvature.
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Pole : Point of intersection of principal axis and mirror.

Focal length (f) : The distance between focus and pole 15 called focal length .

Sign Convention :

The tollowing sign convention is used for measuring various distances in the ray diagrams of spherical < D
MITors:

All distances are measured from the pole of the mirror,

Distances measured in the direction of the incident ray are positive and the distances measured in the

direction opposite to that of the incident rays are negative,

Distances measured along y-axis above the principal axis are positive and that measured along y-axis

below the principal axis are negative,

Cirecter of fhe birection of the
2 Incident ray Incldent ray
y— —
P P
c F E c
I
i |
i i
i i
| 1
ol I I :
4 Magalve I Poiltiva MNegative i Fositve
- [ . |
: ] | 3
dislonce distance distance distance
Concave Minmos Convesx Mimoi
Spherical Mirrors Lenses
+ lor concave Mimors + lof a comnvarnging lans
Focal Length
- for comves mirrors - lor & diverging lans
i i + if object is in front of the mirror (real object) + if tha object is 1o tha lefi of the lens (real object)
Object Distance | : -
- if objoct ks bahind tha mireor (viriual objoct) - if thia objact is to tha right of tha lona (virtual objoct)
) « if tha image is in front of the mimor (real imaga) + fior an image (real) formed to tha right of tha lens by a real obhject
Image Distance
- il the image s bahind the mimor (virbeal imaga) - for &n imaga (wirlual) formed Lo tha el of ha lans by a real objacl
- + lor an image thal is uprighl wilh respact 1o the objeel | + for an image thal is uprght wilh respact 1o the object
Magnification
- lor @n image Uhal & irmearisd wilh raspact 1o the object | -lor an imags thal & imvafed wilh respact 1o tha objecl.

Mirror formula

In this section we describe quantitatively where images are formed when light rays are reflected at
spherical mirror. Consider two transparent media having indices a spherical mirror of radius R (Fig.).
We assume that the object at O. Let us consider the paraxial rays leaving O. As we shall see, all such
rays are reflected at the spherical surface and focus at a single point I, the image point.Figure shows a
single ray leaving point O and reflecting to point L.
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Now we use the fact that an exterior angle of any triangle equals the sum of the two opposite interior
angles. Applying this rule to triangles OQC and CQI in Figure gives

1=f-o
From law of reflection
1=r
= p-a=y-p
= o+y=2p
op QP _0OP
orF P CrP

p—

Taking sign convention
u=-0p V=
we get

v ou f

r=y-p

(paraxial ray approximation)

P R

= - CP

Note : This relation is same in all cases no matter object or image point is real or virtual, mirror is

CONncave or COnvex.

Graph : vvs u:
(a) For concave mirror

IV

™ Virtual image of
a real object

............... 7 f
Real image of
a virtual object

Real image of
a real object

i
Coneave mirmor

(b) For convex mirror

Wirtual image of
a real obyject

Virtual image of
a real object

Real image of
a virtual object

Concave mirror
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Image Tracing for Transverse Extended Object

In tracing image of a transverse extended object we should keep in mind following :

(1) A ray parallel to principal axis atter reflection from the mirror passes or appears to pass through its focus

(2) Aray passing through or directed towards centre of curvature, after reflection from the mirror, retraces
its path (as forit @, =0 and so 0, =0).

(3) Ray drawn from the top of the object toward the focal point on the back side of the mirror and is
reflected parallel to the principal axis,

Image Tracing in some cases
(1) When the object 1s placed at infinity, a real, inverted and very small image 1s formed at the focus,

@
[.'

& C - P
1
Ty

For a distance object image is
formed at the focus

X =0
V=—Yy where yv=1,
=—0 where R |

(ii) When the object is placed beyond C (2f, < x < =), a real, inverted and diminished image is formed
between F acid C.

L
W

For an object placed bevond C,
image 15 formed between C and F

V=—Yy where f,<y<2f
m=-—0 where O=d<1

(m) When the object 1s placed at C.
(x=2f), a real, inverted and equal size image is formed at C.

y=x
At C both object and image coincide
Ve=—y where y=21,
=—0 where o=1
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(1v) When theobject is placed between F and C (f , < x < 21, a real, inverted and large image is formed

beyond C.
N
¢

14 }'k\ |
= O
I"‘l
x\/

y

[F T
Ly Eald

For an object placed between F and ©
image 15 formed beyvond C.

V=-Y where y<2f;,
m=-o where 6=1

(v) When the object is placed at focus F, a real, inverted and very large image 1s formed at infinity.

For an object placed at focus,
image is formed at infinity

V=—y where y =0
m=-—a where o==1

Naote virtual object
When the object is placed between F and P, a virtual, erect and enlarged image is formed behind the

o,
FiY .
C_.rt"’f; ['I
& PO !
3)
1
D HE——————|
X ¥

A virtual image 15 formed for an object
placed within focus

V=T¥

m=+a where |

Convex mirror
The fig. shows a convex mirror of focal length £ in front of which an object O is placed at a distance x

trom the pole P. /
0o P I
X

An object O placed in front of
HCOIYEN f[liITl'_'lr

<
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According to Cartesian sign convention, the formulae may be modified as
u=-x and f=+f
xf,
T f p + X
The above expression shows that whatever may be the value of x, v is always positive and its value is

Thus v

always less than or equal to f,.
The magnification formula may be modified as
fy
- fy + X
When the object is placed at infinity, a virtual, erect and very diminished image is formed at the focus.

m

For a distance object image
is formed at the focus

X =00 v=fu m <= |

Hlustration ;

Sol.

Can a convex mirror form real images ?

Yes, only when the object is virtual and is placed between F and P
The fig. shows a convex mirror exposed to a converging beam which converges to a point that
lies between F and P.

A real image formed by convex mirmor

V= g

v becomes negative (real image) only when x < f_

<
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FOR CONCAVE MIRROR

Position of

. Position of image Characteristics of image
object (real) osttio g it g
At infinity At. F Real, inverted, highly diminished
_EI' eh.l_..'een Between C and F Real, inverted, diminished
infinity and C
AtC At C Real, inverted, same size as that of object

Between Cand F Between infinity and C Real, inverted, magnified

At F At infinity Real, inverted, highly magnified
within F Behind the mirror Virtual, erect, magnified
FOR CONVEX MIRROR
'EI:;::::C;:E:} Position of image Characteristics of image
At infinity At F Virtual, erect, highly diminished
At a finite distance Between P and F Virtual, erect, diminished

Transverse or Lateral or linear magnification

[t 15 defined as

_ height of image &,

ey

- height of object 7,

After using geometry we get

my =—2 =L
o J-u

Note :
Sign of m states orientation of image w.r. to object and its magnitude compares size of image with size
of object

Newtonian formula for mirrors

here distances are measured from focus

2 .
uv=1 & My ===
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Hlustration :

A concave and convex mirror of focal length 10 cm and 15 cm are placed at distance 70 cm. An object
A ot height 2 cm is placed at distance 30 cm from concave mirror. First ray is incident on concave

mirror then on convex mirror. Find size position and nature of image.

: B
20cm
A
Ocm
< T0cm
Seol.  Forconcave mirror,
u=-30cm, f=-10cm
Using B
1,11 A |
v u f
DR | | A
v 30 107 vETbhOm
Now,

AB_ -V 15 0 g
4B u (-30)

om

Image formed by first reflection will be real inverted and diminished
For convex mirror

t'==55cm, ['=+15cm

Using
1 1 1
__|____1
vouf A'e 35¢m .é: A"
R U U N
v55 15 14 <" E lB"
Now, B

Image for Longitudinal Object

If an object 1s placed along principal axis then it1s called longitudinal object.
If object is of very small size then longitudinal magnification is defined as,

i length of image  dv
Y lengthof image du

<
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Now using
1 1 1
_ + — = .
v u
Differentiating w.r:to. u we get
dv v .
— e — —mr
du  w
= m, =—m,

Ilustration :
An object AB is placed on the axis of concave mirror of focal length 10V cm end 4 of the object
is at 30 em from mirror. Find the length of the image (a) If length of object is 5 cm (b) If length

of abject is 1 mm

30cm

Sol.  Forpoint 4, w=-30cm, f=-10cm
Using = ?

1 1 1
— —_———=— = v=—13m
v 30 10

Similarly for point By = -35cm

[N .

Using N + u 7

we will get v'=—ldem
Now size of image | A'B'|=|v—v'| 5 (=15) - (=14) |=lem

(h) here u=-30cm, [ =-10cm

Using s :f
11 |
—_——— e = r=—]5cm
= Y3010 ‘
dv  (—15) (15)°
T , —_—= = . = -ﬂr"' = d“
Now, dn - (=30) | dv| {3{!}" |

= |dv |=(%§J;m--‘} =2.5x10™

i.e.the length of the image is 2.5 = 10+ m.
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Relation between velocity of object and image if object is moving on principal

axis.:
we can wrile
: . . . du ‘ D
velocity of object relative to mirror= v, , = a
dv

velocity of image relative to mirror=v,,,, = i

Now using
| B

¥oou

Differentiating worto. [ we get

dv v du
clt u di
- Vi S W Vo

Relation between velocity of object and image if object is moving perpendicular
to principal axis:

we can wrile

dh
velocity of object relative to mirror = Vougme = d_:l
velocity of image relative to mirror = Vi, = E

dividing we gef
Fn’-‘.lfl'rw.u' _ I[-’“‘III';iI.I' _i
h,,

=m

dh

¥ 1 !
ChMirrar

3 p— P
= Viusiror = MrVosimar

Hlustration :

A murror of radius of curvature 20 em and an object which is placed at distance 15 cm both are
moving with velocity 1 ms”' and 10ms™ as shown in figure. Find the velocity of image.

Sol.  Using
1 1 2
—_—t—=—
v u R
| 1 |
= —_——= = v =—30cm
vo15 10)

Now, using
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)

= V-V, ==V, -V,)
u-
) {—3(]}'1
v —my=-9r _10-q
= =) {_15}:[{ )=(1)]

= Fo=45em/s

Practice Exercise

Q.1 A beam of light converges towards a point O, behind a convex mirror of focal length 20 ¢m. Find the
nature and position of image 1f the point O is (a) 10 ¢m behind the mirror (b) 30 ¢cm behind the mirror.
Q.2 Aplane mirror 1s placed 22.5 cm in front of a concave mirror of focal length 10 ¢m. Find where an object
can be placed between the two mirrors, so that the first image in both the mirror coincides.
Q.3 A concave mirror of focal length f produces a real image n times the size of the object. What is the
distance of the object from the mirror?
(.4 The tocal length of a concave mirror 1s 30 cm. Find the position of the object in front of the mirror, so that
the image 1s three times the size of the object,
(3.5 Ashort linear object of length b lies along the axis of a concave mirror of focal length fat a distance u
from the pole. What is the size of the image?
Q.6 Ifaluminous point is moving at a speed V|, towards a spherical mirror, along its axis, show that the speed
at which the image of this object is moving will be given by :
2
f
Vi= [_u — fj| Vo
Answers
Q.1 (a)-20(b)+60 Q.2 15 ¢m from the concave mirror Q.3 (nt1)fn
Q.4 CaselIfthe image 1s inverted (1.e., real) : 40 ¢cm in front of the mirror.
Case I1If the image is erect (i.e., virtual) : 20 ¢cm in front of the mirror
s bt
> w9




