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Chapter 9: Light — Reflection and Refraction

ST 9: YT — WIAd AT g — HYUf TeH TF WA &

9.1 Reflection of Light & 9.2 Spherical Mirrors (W& &I UEd T Telid gdOT)

[EN] Laws of Reflection: (i) Angle of incidence equals angle of reflection (£i = £r), (ii) Incident ray, normal, and
reflected ray all lie in the same plane. For spherical mirrors, Radius of Curvature R = 2f.

[HI] WRrad= & @ (i) 3gde v T&a TRIad hivT & SRR BT & (Zi = £r), (ii) 3mufad faaror, siffes der wrafda fomor Ten &
It | gid g1 Meltg gdon & fore ashar Bsar R = 2f gt &1

Position of Concave Mirror Image (3tadad Convex Mirror Image & Uses (3« gdur ga Iuaih)

Object / faa &t gt yfafse)

=@fa

1. At Infinity At Focus F; Real, Inverted, Highly Convex Mirror (3%« &dur):

(3d WR) diminished (point-sized). e Object at Infinity - Virtual, erect, point-sized at F behind
mirror.

e Object anywhere between o and Pole P - Virtual, erect,
diminished between P and F behind mirror.

2.Beyond C (C Between F and C; Real, Inverted, Uses of Concave Mirror (3fade &4or & Iugh):

A W) Diminished (steT). (1) Torches, search-lights & vehicle headlights (to get parallel
beam), (2) Shaving mirrors & dentist's mirrors (enlarged erect
image), (3) Solar furnaces (concentrate sunlight at F).

3.AtC (asratdhg At C; Real, Inverted, Same size Uses of Convex Mirror (31 4T & Iuai):

CwR) (o™ 918sT, m = -1). Used as rear-view (wing) mirrors in vehicles because they
always give an erect, diminished image and have a much
wider field of view.

4.Between C Beyond C; Real, Inverted, Mirror Formula & Magnification (gdor 9 g smatf):

andF (CaurF&  Enlarged (faafdfa / ). 1Yv +1u=1/f

&) m=h'/h=-v/u

5.AtF/6. At F > At Infinity (real, inverted, Sign Convention: Object distance u is always negative (-).
Between P and highly enlarged). Focal length f is negative (-) for Concave mirror/lens and

F Between P and F - Behind the positive (+) for Convex mirror/lens.

mirror; Virtual, Erect, and
Enlarged (emurf, Tenm wd a=1).
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Concave Mirror: Object between P and F (Ex 9 Q2 & Q7)

A' (Virtual & Enlarged)
1

Convex Lens: Object at 2F: - Image at 2F: (Same Size)

2F1 F1

Fig 9.1: Ray Diagrams for Concave Mirror (Object between P and F) & Convex Lens (Object at 2F,) — TYBA Coaching Centre

9.3 Refraction of Light, Refractive Index & Spherical Lenses (W&IST &T 3Udd, A9 Td oid)

[EN] Refraction is the bending of light when it travels obliquely from one transparent medium to another due to

change in speed of light. When light goes from rarer to denser medium, it bends towards the normal; from denser
to rarer, away from the normal.
[HI] ST gemrer Tep urResft Arers & gaR | foReT Wa shedT & dt UehIr Sl a1et # gRacd= o SRt 7ot fe st oidT 8, 39 Sfuad
Fed ¢ fora & T 7 Sificia &Y SR qon gu= @ fova # sifeidia & g gedt 8|

Law /g

Mathematical Formula & Lens Image Formation
(English)

(&)

1. Snell's Law &
Refractive Index (B <1
faaw ga sruad=iien)

2. Convex Lens (39 a9
— Converging) &
Concave Lens (31ad«
&9 — Diverging)

3. Lens Formula,
Magnification & Power
of alLens (49 g3 gd
&)

sini/sinr=constant=nyy=v /v,
Absolute Refractive Index: ny, = ¢ /v, where c = 3 x

108 m/s (speed of light in vacuum/air).
Diamond has highest refractive index n = 2.42
(speed of light in diamond = c / 2.42).

» Convex Lens (f > 0): Forms real & inverted images
for all positions except when object is between
Optical Centre O and F4 (where it forms a virtual,
erect, enlarged image on the same side — used as
magnifying glass). At 2F; - Image at 2F, (same
size).

« Concave Lens (f < 0): Always forms a virtual,
erect, and diminished image on the same side
between O and F;.

e Lens Formula: 1/v = 1/u = 1/f

* Magnificationnm=h'/h=+v/u

e Power of a Lens: P =1/ f (in metres) =100/ f (in
cm).

* Sl unit of Power is Dioptre (D) (1D =1m™).
Combination of lenses: P = Py + P,.
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Qe o1 AW sin i / sin r = RARGH
(noq)1

fRUer srueHih: ny, = fAafa & weprar
&l =11 (c) / Arenw A yepter h I«
(v) | €R T Sruad-ich 2.42 g a1 3ref
2 o €R & uamrer it Tt Fafa 6
e 1/2.42 T &1

o IAA AT (AT, f 49THR): ST
fig O 3R Fy & o= giaT & o ST,
e g srrafdfa ufafdq s=mar & (smads
&) 1 2F R @A W 2F ) RGN
3MhR T AT ufafas aar g1

o 3Add 9T (MUY, f SHUMH<R):
&g sy, e vd ster ufafds
AT 8

e AT 1Yv - 1Yu=1/f | smad:
m=h'/h =v/u

o AT &Y gmar: P =1/ f (e H);
TqHh: SETER (D) | 39 A9 & &dT
YHTH (+) TAT Sadel A hl FOTHb

(-) gt 81
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NCERT Intext Questions & Complete Solutions

TAHISARE qr37Td U= Ud |t gt gar

Intext Pages 142,145 & 150

[Question - EN] 1. Define principal focus of a concave mirror.

2. Radius of curvature of a spherical mirror is 20 cm. What is its focal length?

3. Name a mirror that can give an erect and enlarged image of an object.

4. Why do we prefer a convex mirror as a rear-view mirror in vehicles?

5. Find the focal length of a convex mirror whose radius of curvature is 32 cm.

6. A concave mirror produces three times magnified (enlarged) real image of an object placed at 10 cm in front of
it. Where is the image located?

7. Refractive index of diamond is 2.42. What is the meaning of this statement?

[91%1 - HI] g8 142, 145 Td 150 & UT&Td U

[Answer - EN] 1. Point on the principal axis where rays parallel to the principal axis converge after reflection.
2.f=R/2=20/2=10cm.

3. Concave mirror (when object is placed between Pole P and Focus F).

4. Convex mirror always produces an erect, diminished image and gives a much wider field of view.
5f=R/2=+432/2=+16cm.

6. Realimage = m = -3, u = -10 cm. Since m = -v/u = -3 = -v/(-10) = v = =30 cm (30 cm in front of the mirror).
7. It means the ratio of the speed of light in vacuum/air to the speed of light in diamond is equal to 2.42.

[S¥R - HI] 1. 4 3781 WR o foig STaT g 3187 o FHiaR foheol wRrare & ugrd et &1

2.f=20/2 = 10 @1 3. sraaet ador| 4. Il 0T G&g e gfafds ST & 3R 3HehT 3R -8 9gd e giar o1
5.f=+32/2 =+16 &1 6. m = -3, u = -10 9t = v = =30 I

7. fata & uerr &t a1t R ER H UentR1 hl 9Tl T SiguTd 2.42 g

Intext Page 158

[Question - EN] 1. Define 1 dioptre of power of a lens.

2. A convex lens forms a real and inverted image of a needle at a distance of 50 cm from it. Where is the needle
placed in front of the convex lens if the image is equal to the size of the object? Also, find the power of the lens.
3. Find the power of a concave lens of focal length 2 m.

[1%1 - HI] g8 158 & uTaTd usi:

[Answer - EN] 1. 1 dioptre is the power of a lens whose focal length is 1 metre (1D =1m™).
2. Since image is real, inverted, and of the same size at v = +50 cm, the needle is at 2F;, so u= =50 cm (50 cm in

front of lens). Here 2f =50 cm = f = +25cm = +0.25 m. Power P =1/ 0.25 = +4.0 D.

3. For concave lens, f=-2m=P=1/(-2) = -0.5D.

[STR - HI] 1. 1 SRR 39 ¥ Y &3 8 foiaeh! thichd gt 1 #iex 8t

2. G I1EST & drdfae ufdfda & forg foa 2F, tR srafdq 50 9+t &t gt ur (u = -50 ) @1 81 ®ied gt f = 25 It = 0.25
#t = emdT P = 1/0.25 = +4.0 DI

3. 3@da a9k feg f= -2t = P =1/(-2) = -0.5 D!

NCERT Textbook Exercises — Complete Step-by-Step Solutions
TEAYEAE VATH & AT 02T & Hof fgwredt ga
Exercise Q1to Q6 (MCQs)

[Question - EN] Q1. Material that cannot be used to make a lens? Q2. Concave mirror virtual erect enlarged
image position? Q3. Convex lens real image of same size? Q4. Spherical mirror and lens both have f = -15 cm?
Q5. Erect image at any distance? Q6. Lens for reading small letters in a dictionary?

© TYBA Coaching Centre (& ad &t g sifRin dez) | Contact: 6367029449 Page 3 of 5



TYBA Coaching Centre | & arg &t © @iftir @ex — Class 10 Science Notes & Solutions (Ch 9: Light — Reflection and Refraction)

[5r%1 - HI] 3vam9 g7 1 8 6 (Fgfaenedta):
[Answer - EN] Q1: (d) Clay (opaque) | Q2: (d) Between the pole of the mirror and its principal focus | Q3: (b) At
twice the focal length (2F,) | Q4: (a) Both concave | Q5: (d) Either plane or convex | Q6: (c) A convex lens of

focal length 5 cm (higher power P = 1/f gives greater magnification).

[S¥R - HI] Q1: (d) A | Q2: (d) adur & ya a1 g wied & i | Q3: (b) Biea g R e gf R | Q4: (a) AT
3ade | Q5: (d) TT d G 1A 39 | Q6: () 5 Tt Tk T &1 I @i |

Exercise Q7, Q8, Q9, Q10 & Q11

[Question - EN] Q7. Concave mirror (f = 15 cm) erect image range & nature.

Q8. Mirror used in: (a) Car headlights, (b) Side/rear-view mirror, (c) Solar furnace.
Q9. One-half of convex lens covered with black paper.

Q10. Object h =5 cm at u = =25 cm from converging lens (f = +10 cm).

Q11. Concave lens (f = =15 cm) forms image at v = =10 cm; find u.

[1%1 - HI] 313/ U 7 € 11 & dquf gat:

[Answer - EN] Q7: Object must be placed between 0 cm and 15 cm (between Pole and Focus). Image is virtual,
erect, and enlarged behind the mirror.

Q8: (a) Headlights: Concave mirror (bulb at focus gives parallel beam); (b) Rear-view: Convex mirror (erect
image & wide field of view); (c) Solar furnace: Concave mirror (converges parallel sun rays at focus).

Q9: Yes, it will produce a complete image of the object because light rays from every point of the object still
pass through the uncovered half of the lens; however, the brightness (intensity) of the image is reduced.

Q10: u =-25cm, f = +10 cm, h =5 cm. By lens formula: 1/v = 1/f + 1/u = 1/10 = 1/25 = 3/50 = v = +50/3 = +16.67
cm (on the other side). h' = (v/u)h = (50/3)/(-25) x 5 = =10/3 = =3.33 cm (Real, inverted, diminished).

Q11: f = =15 cm, v = =10 cm. By lens formula: 1/u = 1/v = 1/f = =1/10 = (-=1/15) = -1/30 > u==-30cm (30 cm in
front of the lens).

[S¥R - HI] Q7: & 15+t & ohe; amemeft, e gd 911 Q8: (a) S/@dd U, (b) I g4I, (c) Siada guuri Q9: gf, gof ufafa
A, TR IAH! a1 (THR) A g g Q10: v = +16.67 F+HY, T15%T h' = -3.33 @t (arafdes a 3= 1 Q11: u = -30
|

Exercise Q12, Q13, Q14, Q15, Q16 & Q17

[Question - EN] Q12. Object at u = —10 cm from convex mirror (f = +15 cm).
Q13. Meaning of m = +1 for plane mirror.

Q14. Object h = 5 cm at u = =20 cm from convex mirror (R = +30 cm).

Q15. Object h =7 cm at u = =27 cm from concave mirror (f = =18 cm).

Q16. Focal length of lens of power -2.0 D.

Q17. Corrective lens of power +1.5 D.

[1%1 - HI] 3709 U 12 9 17 & YUl 91 8

[Answer - EN] Q12: u = -10cm, f = +15 cm. 1/v = 1/15 - (-1/10) = 5/30 = 1/6 = v = +6.0 cm (6 cm behind the
mirror; virtual and erect).

Q13: '+' sign shows the image is virtual and erect; magnitude "1' shows the image is of the same size as the
object.

Q14:R=+30cm=>f=+15cm,u=-20cm,h=5cm. 1/v=115+1/20=7/60 = v=+60/7 = +8.57 cm = 8.6 cm
(behind mirror; virtual & erect). h' = (-v/u)h = (60/7)/20 x 5 = +15/7 = +2.14 cm = 2.2 cm (diminished).
Q15:u=-27cm,f=-18 cm, h =7 cm. 1/v = =1/18 - (-1/27) = (-3+2)/54 = -1/54 = v = =54 cm (screen placed
at 54 cm in front of mirror). h' = (-v/u)h = =(-54)/(-27) x 7 = =14.0 cm (Real, inverted, magnified).

Q16: P =-2.0D = f = 1/(-2.0) = =0.50 m (-50 cm); Concave (diverging) lens.

Q17: P = +1.5D = f = 1/(+1.5) = +0.67 m (+66.7 cm); Converging (convex) lens.
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[S<RR - HI] Q12: v = +6.0 9ft (ctfor & Wis, st a dear) | Q13: '+' g smamht g e qur 1" foa & gu= SR garfar g1
Q14: v = +8.57 9ff (8.6 ¥HY), h' = +2.14 ¥t (2.2 &) 1 Q15: v = -54 @}, h' = -14 Y (arafds g I=T1) 1 Q16: f =
-0.50 #t (3raad d9) | Q17: f = +0.67 # (fAar}/3<et d9) |
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