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Laws of Reflection

Normal

Incident ray, reflected ray and
normal lies in the same plane.
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ext]-i=0

The angle of reflection is equal to
the angle of incidence
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Properties of Image Formed by a Plane Mirror

1. It forms Real Image of Virtual Object
and Virtual Image of Real Object.
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Properties of Image Formed by a Plane Mirror

2. The distance of object from mirror 3, The size of the image is same
is equal to the distance of image as that of the object.
from the mirror.
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Properties of Image Formed by a Plane Mirror

4. Image formed by Plane mirror is side-ways inverted.
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Minimum size of a plane mirror
required to see the full image of
an observer is half the size of that
observer.
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Velocity of Image
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Focus and Focal Length of a Mirror

When a paraxial light beam parallel
to the principle axis is incident on a
mirror the reflected rays are )
converged at a point F on the

principle axis of a concave mirror.
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Focus and Focal Length of a Mirror

For convex mirror reflected rays

appear to diverge from a point F on
principle axis. The point F is called
principal focus of the mirror. =0 F

)
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Focal Length

Focal length is the distance of
focus from the pole.
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Focal Plane is the plane passing
through focus and perpendicular
to principal axis.
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Ray Tracing Diagram

A ray passing through or directed
towards centre of curvature, after
reflection from the mirror, retraces
its path.
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Along principal axis, distances are measured from the pole.
Direction of incident light is taken as positive. £x

Sign—Convention

Cam (and_ (
Incident Light Incident Light = %
| o~ i g
C F P P - c
FL — ¢,

ml?m f W jl oﬂﬁﬂ

Coordinates of C and F are —ve Coordinates of F and C are +ve
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4&\(/\Q Mirror Equation
ﬂ ‘U’ : coordinate of object /

= 7 i
;+G:? ‘y_’_:coordinateofimage sz :f—u
’f” : coordinate of focus o= oy |
M = — A

e — g
EM VN Linear magnification
" (Transverse magnification)

height of image h;

- height of object hg

(hi and ho are put with sign)
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Net Magnification
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Longitudinal Magnification

_ Length of image along PA

LM =
4 Length of object along PA

\
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Velocity of Image of Moving Object (Spherical mirror)
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Refraction 2C)

Normal to the surface

Incident Ray i

Medium — 1
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Refractive index of medium () Kyacuum = 1

.= 1.0003 ~ 1

— \Jacuvuim
mer = 4/3 = 1.33

— yre

uglassz 3/2 = 1.5
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Refraction G

w. =1 Optically Rarer Wyacuum = 1
(Lesser p)

1w, = 1.0003 =~ 1

Water — 4/3 = 1.33

l-lglass= 3/2 = 1.5
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Refraction

Relative Refractive index of
medium(1) w.r.t medium (2) is

defined as
o Hq

1/2 B
__ W
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Refraction NG,

Medium — 1

When light from same source
enters different medium then its

wmngth changes

but frequency remains same.

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



w.qm
jo .ﬂu.wmm
: BANA DE ¥

Laws of Refraction @

(i) Incident ray, refracted ray and
normal to surface always lie in Incident Ray
the same plane.

In vector form
)90 BN
= 4

l Medium — 1

D>

EAafl=0 > (£x0).7
(ii) Snell’s La
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Atmospheric Refraction

* Early Sunrise and Delayed Sunset

« Apparent flatenning of Sun at
sunset and sunrise

—_—

* Twinkling of Stars

e

—
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Apparent Depth

M
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Velocity of Image Formed due to Refraction from Plane Surface

hy = o

Hr M b
e N o
Mj' VI - VD

wyt —_—

£ M)y

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



v (& "/
PHYSICS way o
1 Deewana ¢
© BANA DE ¥

Refraction through Parallel Slab
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Critical Angle (0.) : Angle
of incident at which angle
of refraction becomes 90°.
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Applications of TIR

Optical Fibre

Mirage / Looming

Sparkling of Diamond

Prism to bend light by 90°, 180°
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Total Internal Reflection
Refraction: 6 =r —i

Reflection: 6 = m — 2i
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Angle of Deviation :
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Thin Prism

Thin Prism have very small
angle of prism.
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ul B l'l'r
" ;‘ 2 P is taken as origin.
0 P . C I Direction along incident ray is
S ~+ taken as positive.

u = Coordinate of object. B B He 7 W

v = Coordinate of image. v U R

R = Coordinate of centre of curvature.
., = Refractive index of medium having incident rays.

It. = Refractive index of medium having refracted rays.
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Transverse Magnification

Height of image . 1L L.
m = — : (with sign)
Height of object T / .,
o 1_1
ho u/n

———
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Lens formula

i =N (Losy)

u,v, f,R,, R, are coordinates
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Cutting of Lens

Location of image remains l
unchanged, only intensity
decreases

Remember Donkey®© !! r ‘
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Longitudinal Magnification in Lens

—
LM =m- -4 m=hs _y
— A ho W
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Velocity of Image
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Power of Lens
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Lenses Kept Very Close to Each Other
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The phenomenon of splitting of light
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Human Eye

In old age Near Point of eyes may
increase to as much as 200cm. This
defect of eye 1s called Presbyopia.

e,

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\/,

?hQSPCSJAHJ
e Decwana :
5 BANA DE ¥

Simple Microscope

Image at co (Normal Adjustment) Image at Least Distance of
Distinct Vision

Angular Magnification 5 =+ 1

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\/,

QHQSPCSJAHJ
e Decwana :
“ BANA DE ¥

Compound Microscope

Objective Eyepiece

< ]=> .‘._fo_’ 4____f____>;”r;;'

Mag. by Objective Mag. by Eyepiece
lens (Transverse) (Angular)

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\/,

?hQSPCSJAHJ
e Decwana :
5 BANA DE ¥

Image at o (Normal Adjustment) Image at Least Distance of
Tuhe (smgﬁw 95 (emp Micys. Distinct Vision

Total Magnification

Compound Microscope

\%

D
0
2)

& Total Magnification =
Uo

Objective Eyepiece
L T

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



A,

R Telescope
e Deewana
¢ BANA DE #

Objective Eyepiece

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\),

PHySICS S,
o Deewana Te | e
© BANADE v

Image at co (Normal Adjustment) Image at Least Distance of
— Distinct Vision
. f 1 .4
Magnifying Power o Magnifying Power = f, e + )
€ e

In this case length of
telescope tube is f, + f,

Objective  Eyepiece jCD A jcta

—_

T D

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP  P® Google Play



CiLIARY
7 PMUSLLES

CRYSTALLINE

Lens N\ N Retina
7% A
ABUEqus —7/ A , \ Aee
HumMouR ‘—'l‘ 7 NeRrvE
o’ S L
UP“- /:, g L‘/ . __J<-—-—,
Iris” k-—-"/ “ViTeeovs
/ \-\\:,‘ HumpuR
CormeR
Human EBie

*Faoe point ake

* Meax ppintol 256
oot Distamnes
fer Dlodinct Visien

- DEFECTS oOF Eyes : REMEDY e
I- NEARSIGH TEpNESS: LeT | E"—I“
[Hfoﬁa) N A 7 ’__/,(/ \
— P/ —p— g
{ L -
wSaral ~ T
e I ReTims
MLss: .
(angf:ﬁ::é?n) o ST ! 4 N
Vel D A |
| P s || - - | ) P
= ___;:-_...—_.— e | {-" = (' e 7 1
= : CONV LENS
3 ASTIGMATISM: . I ReTina |
J Y ! 1] 4 \\ | e ¢ '
OPTICAL e ‘-'_-"H}'- = - Ii T )\P I gos ; 1' 1[ ; :q%
143 N i\ r " J
\| & | < NJ'T € " X A iH] | q |
INSTRUMENTS ~dy¢ e

i{‘\- I’RGSB?DPIA'. Taeld ﬂgz ' NCB-PL_Pb(n'I iminLtacw to as vk L0006,

I-SyMPLEe MICROSCOPE

 TnsTRuMenT

[ Taane AT oo (Nownat Adjuatwunt)

Anzulam Mﬂr\bflm.ilm .

Toanoe ot Lipat Distivce ef Distinet Vision |

N&,‘.m P’\Wt calin

2-Comppunp MiCRD scoPe

F? ]
1\
L}

Ob&wl.tqc

3. TeLEscoPE /\

Totad m%iudcm.m = ™Mo XMe | Totald

Objtdu.& / QJ\}/PW

Get Top Ranks in IIT- JEE/NEET with eSaral APP P»

Get it on

Google Play



CiLIARY

- DEFECTS oF Cyes

|
f REMEDY -
F A | RET
CRYSTALLINE &7 P L NEARSIanTeONESS: e, | /-:
Lens ™\ N> Retink [H"""".“) N | S, :; Lo
ABVEnUS s’ —( 11 ',', | IR | 7
5 (a4 (12 F | r g rea
HuMouR 22 1 S 7 Nerve . Conchye
NI wSaral ; =
Pupi.” w\i_—l--- & 1 FARSIGHEED ESS: ReTinA| A
-I-—KIS/// \//ﬁ\h‘rmous (Hv.ﬂegnemor’m) f_'\ | A B ) |
/ & ek P il B Y il U7 |
CormeR et ¥ | e Y
Human EYe Copvex LEMS
Accommodation Ej'ﬂSTIhMA'TISM: . : Retina |
__’ﬁ‘c\\"ﬂm *Fooe poind ak® OPTICAL | '-__‘nlr s F'C.I N\ i 1,'1 31/__\\ !
il % % @ e = il T = :
\j IJLQK.. Mo,t 25 N - T T E . T - 1] > —\ ' /'. I it [ ﬁ‘
Retima LLW Diatamses I . S . RUM N . S =. 'll CYLINDRICAL LC"‘L‘ h— ‘g
: pr—% fer Dledinet Vitien i{q- PRESBYOPIA: Ta old %3¢ ) Neax Point imintacs Lo asmuh 2000,
g > .
.
_ TINsTRuMeNT el Adjuatwunt) [T

I-SiMPLEe MICROSCOPE

_ Ivmme AT © (Hmmd Adjuatwunt) ﬁvmw: at Lisat Dmb:lmr_c, c{ Distinet \A_&:o—-: |
A cadii Lo M
naulm. Mﬁa'\bfl u.r; }Q N&,u %tmjr—gﬂ*\
SRR, — e

2-Communp MiCRo scoPe

!/) =
1\
L}

0\:3 vt Y %LPI (73

Totat P"\N}«L‘\'udim.r’l = e XMe | Totald

3. TeLEscoPE /\
\
— P S|

i) sgeee

Get Top Ranks in IIT-JEE/NEET with eSaral APP P> eaoct

Google Play



\/

Wave Optics
Superfast Revision

Get Top Ranks in [IT-JEE/NEET with eSaral APP  P® Google Play



—l®: P "/
PHYSICS wan) |
¥ Deewana s .
< BANA DE ¥

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\/

?hQSPCSJAm
e Decwana :
S BANA DE v

Two sources are said to be Coherent if
they produce waves having constant
(with respect to time) phase difference.

For Incoherent sources, phase
difference varies with time.

Two independent ordinary sources
(like lamps) are incoherent sources.
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Screen
d is distance between slits S; and S,

D is distance between slit and screen
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The distance between two
successive dark fringes (or
bright fringes) is known as

Fringe Width ().
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phase difference.
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In this case CM shifts but fringe 7))__* /‘0
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D is Diameter of Lens

Just Resolved

(Resolved : seen as separated)
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R.P of Telescope = S —

D = Diameter of Objective Lens.
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[n this situation the angle of
incidence is called Brewster’s Angle.
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Constructive Destructive

Interference Interforence

= Two sources are said to be Coherent if they
produce waves having constant (with respect
to time) phase difference.

For Incoherent sources, phase difference
varies with time.
Two independent ordinary sources (like

lamps) are incoherent sources.
Constructive Interference  Destructive Interference

wSaral

Incoherent Sources
Iy
54
¥ | Les=L+]
I,

WAVE OPTICS ﬁ/

cosp =1 cosp = —
¢ = 2nn ¢=(2“+1)“
Apx= (A +4;) Apn= (A, — A;)
L = 1 Inin - 2

|

Interference of Waves

y: = A, sin(kx — ot)

y2 = Az sin(kx — ot + ¢)
By Superposition Principle

Pyes

Yres = ¥1 t V2 -—
(Apes)? = A% + A% + 2A,A; cos ¢
1< A?
Les = Iy + I + 2,/1;,/1; cos ¢

If l]_:lz :lo ,then

I,.. = 4l, cos? (g)

Young’s Double Slit Experiment (YDSE)

I =4, (If same source of 10) lmn =U (1f same source of 10)1 Shape of Fringes = E
- _ D
Ax=0,A,2\ ,3A... =mA Ax = 054, 15\, 250 — "+§)l P o
Fringe Width B’ A ﬂ S Screen
- 2 mmma Variation of Intensity on Screen 5 distancs between slits S, snd 5,
S, — nima I — 2nd
R Ls; Maxima s o8 Minima D is distance between clit and screen
H — St Maxima
Se-ene }r ---------- 5l'm'al Maxima ' 1 Minima Se
f—1_, Minima g ———b——=—— Ceptral Maxima
s, 124 Maxima 15 Minima y 0 AD | 2D | 3AD | 2AD
-" I— 2 Minima ' ] |15t Maxima . i i e i
e 27 Maxima 52; 2" Minima =, 2d d 2d d
Screen = 2" Maxima gl st st nd nd
_— AD Angulal 8= E A Screen ¢ Sl SZ | Max CEH'E['EII 1 e 1 s ? ) 2
B= d Fringe Width D d e 410c052—2~ Concentric!Circles /Min lMaJﬂma Minima |Maxima | Minima | Maxima
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Constructive

Interference of Waves
y: = A, sin(kx — ot)
y2 = Az sin(kx — ot + ¢)

Pyes

Destructi By S ition Principl
Ttirhasinoe hftserfere;ge yy u;;er_p;o;l ion rrncipie ¢
= Two sources are said to be Coherent if they s BE Ok =
produce waves having constant (with respect (Apes)? = A% + A% + 2A,A; cos ¢
to time) phase difference. hlmhlel'ent Sources I o A2
= For Incoherent sources, phase difference : lLes =11 + 1, + 2\/17\@ cos ¢
varies with time. S, L1 =00, e
* Two independent ordinary sources (like ? Ies =11+ . . "b
lamps) are incoherent sources. 2 L. Slarreae?| X
Constructive Interference  Destructive Interference 3 res 0 2
cosp =1 cos¢p = — ‘e Young’s Double Slit Experiment (YDSE)
¢ = 2nm ¢=(2n+1)1t
Ap.=(A, 1 &) T Y WAVE OPTICS

Lo =/l +ﬁ;)3

ln = (T1 — V)’

|

I, =4i, (If same source of 10) lmn =0 (11 same source of 10)1 Shape of Fringes - E
- =ni =(n+= |4 D
Ax=0,A 2\ ,3A.. =N Ax = 052, 157, 25\, =(n 2) ‘ -
Fringe Width f’ S Screen
- 2 mmma Variation of Intensity on Screen e
S, A— nima I — 2nd
R Ls; Maxima s o8 Minima D is distance between clit and screen
" — St Maxima
Se-ene }r ---------- 5l'm'al Maxima ' 1 Minima Se
f—1_, Minima g ———b——=—— Ceptral Maxima
s, 124 Maxima 15 Minima y 0 AD | 2D | 3AD | 2AD
-" I— 2 Minima ' ] |15t Maxima . i i e i
S— " Maxima S| 2"! Minima I — 2d d 2d d
Screen = 2" Maxima gl st st nd nd
_— AD Angulal 8= E A Screen ¢ Sl SZ | Max CEH'E['EII 1 e 1 s ? ) 2
B= d Fringe Width D d e 410c052—2~ Concentric!Circles /Min lMaJﬂma Minima |Maxima | Minima | Maxima
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Thin Film Interference
a) Interference in Reflection

1
Axopt = (Il + E) )‘air — Cons

2ut =

w¥Saral

A,.. — Const
2

air

Polarisation

,ij”'f"?i“‘f Al A

2ut = nl,;,. — Dest
b) Interference in Transmission

(Ax)npt = 2ut

Air

2ut =

1
n+ 2 A.ir — Dest

: IV IVIVIV

2pt = nd,;, — Cons

% \ Unpolarised Wave
(ax)op 2!Jt (ﬂX)u L= %th
£ (' A= Cons 2ut=|n+g )i, — Cons WAVE OPTICS
Zl—u- }L —> 2pt = n)-au A De

Resolution of *ptical [nstruments

Diffraction Through Single Shit

(Resolved : seen as
separated)

1.221
Aemin = D
Just Resolved

Resolving Power of Telescope
1
R.P of Telescope = — L
AG]11[[[ 1. 221

1.22A
Ztanf

dmin

D = Diameter of Objective Lens.

Resolving Power of Microscope vy
R.P of Microscope = dl. >

1.22A
Zsinfp

YDSE with white light
| 1%t max. of
S red —_
S - -'l| 15 max. of B 3
o T €M I violet
S5
I

—p\ariations in YDSE

In this case CM shifts but

fringe width remains same.
t

—

Optical path =

—

Screen Screen

Phase difference at O _ yd
Hir D
B = )i('ir_ No change B= AarD No change
Pol tion by Scatt
AMRARIA G T SRSl Polarisation by Reflection
¥

Unpolarised light
tan(ig) =

Brewster’s Law

ip =tan"!p
iy +r=90°

1431 pasirejod
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Thin Film Interference
a) Interference in Reflection

1
AXopt = (n + E) Agir — Cons

w¥Saral

2ut =

2ut = nd,;,. — Dest
b) Interference in Transmission

(Ax)npt = 2ut

A, — Const
2

Polarisation

,LXTA\”T”“}K“T Al A

Air

2ut =

1
n+ 2 A.ir — Dest

: IV IVIVIV

2pt = nd,;, — Cons

% \ = Unpolarised Wave
(AX)opt Zut (AX) gpt. = Ept
k= (' A— Cons 2ut=(n+ E A, — Cons WAVE OPTICS

Dilfeantion Through Single Slit Resolution of*ptical [nstruments

ab

-

(Resolved : seen as
separated)

1.221
AOpyin = D
Just Resolved

Resolving Power of Telescope
1
R.P of Telescope = — L
9]11[[1 1. 22}!.

1.22A
Ztanf

dmin

D = Diameter of Objective Lens.

Resolving Power of Microscope vy
R.P of Microscope = dl. >

1.22A
Zsinfp

—p\ariations in YDSE
In this case CM shifts but
fringe width remains same.

t
Optical path =@
K

Screen
Phase difference at O

Ax = (u— 1)t

Hir D
B = }l('ir— No change

Polarisation by Scattering Pol i
olarisation by

Unpolarised light

1431 pasirejod

YDSE with white light
1%t max. of
51| red
s | 1 max. of
o T Mg violet
S5
I

—

Screen yd
A ) =(p—-1Dt - [ —
@0 = @-x- (%)
B= AarD No change
Reflection

tan(ig) =
Brewster’s Law

ip =tan"!p
iy +r=90°
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. Electromagnetic Waves

In EM waves both electric and Accelerated charge (e.g. a

magnetic fields vary with time  oscillating charge) is a
and space. R source of EM Waves.

. iy

- X
Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play

> <




\/

?hQSPCSJAHJ
e Decwana :
¢ BANA DE ¥

. Electromagnetic Waves

E and B are perpendicular
to each other and are also

wndicular to direction
of propagation of wave.
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Q) A plane electromagnetic wave of frequency 25 MHz travels in free space
along the x-direction. At a particular point in space and time, E = 6.3 ]
V/m. What is B at this point? B

Sol. E:. BC_
B l:- . - Z,KIO’S’T
2 A )0%
=5 : - 1
2 Ap- \? B'—= 2.\ xw? R T
n
J%‘—'&
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. Electromagnetic Waves

_ Electromagnetic waves can be
EV‘Mjg Dﬂnﬂdlg J polarized.

Energy is equally divided in
L electric and magnetic field:
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. Electromagnetic Spectrum

|V J’/\ Foonm Visible Spectrum 19°vim,
>\ . Vidf
= Il B
Low Frequency High Frequency

10 102 10* 10° 108 101 102 1014 10'¢ 1018 1020 1022 1024
Short |

Long Radio Waves |Radio
\Waves

107 106 10% 102 10° 1072 10°* 10°°® 10°® 10191012 10~ 14 1016

Micro

InfraredJUV [X—Rays| Gamma Rays
waves

Long Wavelength Short Wavelength
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Type Wavelength range Uses
: Radio and television
Radio Waves >0.1m =
communication
: 167w & 1073w Microwave Oven,
Microwave 0.1 mto1lmm

Radar System

hot bodies )

Imm to 700nm

Remote ng_i_tches
and Household

e
electronic devices
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Type Wavelength range Uses
Visible Rays 700 nm to 400nm To see objects
Ultraviolet 400 nm to 1nm Eye Surg?rfx’u
Water purifier
lo~=9m 1072 : : :
X-rays 1nmto 103 nm | _Medical diagnosis

Gamma rays
(Produced in

Nuclear Reactions)

< 107° nm

Medical treatment
(to destroy cancer cells)
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i , -
A — -
o, S i

lL, - Permeability of free space (vacuum)
g, - Permittivity of free space (vacuum)

IL- Permeability of medium
€ - Permittivity of medium
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Q) The dimensions of (jye,) 2 are
2T @I @T @ [T
bP £2 0
| 2

Sol, B 'S 2\/(‘7{ = (Mot)
oCo

L Tﬁi = C(Ht)é")n‘/l]

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP  P® Google play



\/

pHVS’ CSHAm

Bl Displacement Current

Ty 1218 2%
g/ U’\GW?L /(;d - 6o d be %UK
3‘__ | \ N Ampere-Maxwell Law
> : -!-_ Cd| :.—__—__ = == ; :
\7 =l | = q
fB df = Woi, + Ho€o T
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Maxwell’s Equation H‘e’S a r a I ¥ Accelerated charge (e.g. a oscillating

. Q ;_charge) is a source of EM Waves.
1) 3§ E.dA =— Gauss’s Law for . J 1\ T
€0 electricity Displacement Current N , 7/ I
— — \"-. .'," / *t N / Q /W X
2) %B .dA =0  Gauss’s Law for / B NS Sl
magnetism z
d /—> In EM waves both electricand magnetic fields vary with
30 B b / .
4} § N dt Famadayslaw Ampere-Maxwell Law time and space. 1
%) %ﬁ.@ L dog Ampere- _ 453 A€ = pp (i + 1d) ‘—‘3‘ E and B are perpendicular to each other and are also
‘ dt et i dé S perpendicularto direction of propagation of wave.
1 ). : p Y fB df = pyi, + pe€p th Ve Electromagnetic waves can be polarized.
== Wy - ::“'mc:;h"g‘ ‘;_ff"“ Spase CacEum \ 4 Energy is equally divided in electric and magnetic field.
. 1 it - Permeability of medium —> Energy Density = EﬂElms = 3
JILE € - Permittivity of medium \ o g
B
Type Wavelength Range Uses Total Energy Density = EEZ, = ——
Radio Waves >0.1 m Radio and television communication
Microwave 0.1 mto1 mm Microwave Oven, Radar System - -VisibleS-pectrum
Infrared Imm to 700nm Remote Switches and Household electronic
devices Low Frequency i ngh Frequency
Visible Rays 700 nm to 400nm To see objects 10 102 10 10° 108 mm 10?2\1014 10%¢ wm 10%0 1022 1024
- ' Long Radio short Micro infrare Gamma
Ultraviolet 400 nm to 1nm Eye surgery, Water purifier Waves Radio e UVIX-Rays Rays
. 'Waves |Waves|
X-rays Inm to 1073 nm Medical diagnosis 107 106 10* 102 10° 10-210-*10-610-210-1010-1210~14 0~16
Gamma rays <1073 nm Medical treatment(to destroy cancer cells) Long Wavelength Short Wavelength
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Maxwell’s Equation H‘e’S a r a I Accelerated charge (e.g. a oscillating

. Q / ;_charge) is a source of EM Waves.
1) 3'; E.dA =— Gauss’s Law for . J
€0 electricity \ Displacement Current N , 7/ I
5 @ il
2) %B .dA =0  Gauss’s Law for \ / B NS Sl
magnetism z
~—>In waves both electricand magneticfields vary wi
. d¢ ! A~ InEM both electricand magnetic fields vary with
3) § E.df 8 Faraday’s Law \ . ;”( time and space.
dt Amiere_,mxweu Law E = Bc ExB=9V
%) %ﬁ.@ L dog Ampere- _ 453 A€ = pp (i + 1d) ‘—‘3‘ E and B are perpendicular to each other and are also
‘ At o ell Law do> ,_,»' perpendicularto direction of propagation of wave.
1 ). : p Y fB df = pyi, + pe€p th , Electromagnetic waves can be polarized.
= /Mate l:‘: ::“m',ii:::g’ ‘;_ff];rm SPAg’ S’ac"“";} 2 Energy is equally divided in electric and magnetic field.
o- Permittivity of free space (vacuum) | g1 FCTROMAGNETIC WAVES 1 BZ,,
s 1 it - Permeability of medium —> Energy Density = EﬂElms = 3
JILE € - Permittivity of medium \ o g
B
Type Wavelength Range Uses Total Energy Density = EqEZ, = ——
Radio Waves >0.1 m Radio and television communication
Microwave 0.1 mto1 mm Microwave Oven, Radar System - -VisibleS-pectrum
Infrared Imm to 700nm Remote Switches and Household electronic
devices Low Frequency i ngh Frequency
Visible Rays 700 nm to 400nm To see objects 10 102 10 10° 108 mm 10‘*‘2\1014 10%¢ 1013 10%0 1022 1024
- ' Long Radio short Micro bifare Gamma
Ultraviolet 400 nm to 1nm Eye surgery, Water purifier Waves Radio e UVIX-Rays Rays
. waves |Waves|
X-rays Inm to 1073 nm Medical diagnosis 107 106 10* 102 10° 10-210-*10-610-210-1010-1210~14 0~16
Gamma rays <1073 nm Medical treatment(to destroy cancer cells) Long Wavelength Short Wavelength
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Errors

v \

Systematic Errors Random Errors
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Absolute Error

A+ AA

45kg to 55kg
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1l S A e

Least Count :- The smallest value that

can be measured by the measuring
instrument is called its Least Count.

Least Count Error :- If the instrument
has known least count, the absolute
error is taken to be equal to the least
count unless otherwise stated.
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_ Absolute error in a measurement
Relative Error =

Size of the measurement

50kg + 5kg
Relative Error = ﬁ = i
50kg 10
At AA
AA

Relative E = —
elative Error = —
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Percentage Error

50kg + 5 kg

OB 4 1po =
50kg + 10% = -

5
PE =0 100 = 10%

Absolute error in a measurement

Percentage Error = _ X 100
Size of the measurement
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Addition and Subtraction Rule

A NG

A+ AA B+ AB
_ { 3 ;
R + AR R + AR 20T 2. [OT §
R=A+B R=A—B R 3=
G —EEE
AV SEECAYANE JWAY @%’:’AA_-I;@ )
c) - 4

Absolute error adds
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Product and Quotient Rule

Prx. B/'
Divide _R_z_é__/_l?i_
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Power Rule

APBY
~ CsDt

R

AR _ AA  AB AC D
Rl i 1B " CRID

i Getiton
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PHYSICS ko Measurement of ‘g’ using a Simple Pendulum
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Tima af | eac.

' g

. zLI Ag _ AL 24T
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Rules for Determining the Number of Significant Digits

For[numbers with indicated decimal

1. All nonzero digits (1-9) are to be o Sig. Digits
counted as significant. A
125.0 mm @
S
2. Zeros that have any nonzero digits 12.50 cm @
anywhere to the left of them are Xk AL
considered significant zeros. (ig)6000 y
2500050 7
3. All other zeros not covered in rule —
(2) above are NOT considered 0.0003 4

T o A KRR
significant zeros.
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Rules for Determining the Number of Significant Digits

For numbers@vith no indicated @ el
A ng
Mm nonzero digits (1-9) are to be ‘Lf j-oo e 2
counted as significant. AR T
| 20000 q
2. The terminal or trailing zero(s) ER AR Y

are not significant.
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a x 10°P

‘a’is a number between 1 and 10

_—_ : \/
Scientific Notation

8
12.50 cm

-
1.250 X 101 cm
4

= 1.250 X 104
s Order of Magnitude
= 1.250 x 10° um

=1250x107"'m =12 ><m
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Rules for Rounding off

M@]

3. ¢ 3.420) .

@ 3-62’;5‘;

M
TIND =
. il /\H P =omen

=

S %P,@M "
A
363@' Raia by ) LBl

3.0y Se6L

—-__}____ —
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Arithmetic Operations

Multiplication or Division

The final result should retain
as many SM as are
there in the original numbers
with tl@least significag@iigits.
8’6’@ 50

4246 }@N
300><8000 = Z 90 x 15

e
T.23 x 2.234 X 2 6421 = 7.260015

= 7.26
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PHYSICS Arithmetic Operations

Addition or Subtraction

The final result should retain as
many decimal places as are there in

the original numbers with the least
decimal places. K { W

@ O
100.23 + 15.1 i

b ] — -
100.270 +1.1-10.21 = 9|+ ] 60 =[9 .2

Get it on

Get Top Ranks in IIT-JEE/NEET with eSaral APP P Google Play



\),

pHVSFCSHAm

? eewana ¢
¢ BANA DE ¥

Vernier Caliper

0 Main Scale 101mm 200

7|||I|||| i

Imm _ - Gmm
0 0

Vernier Scale

1 Main Scale Division (MSD) = 1Tmm

1 Vernier Scale Division (VSD) =09 mm
Least Count of Vernier Calipers =@/ISD —1VSD¥ 0.1 mm
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wm  + @~lmm))(‘4 = 6 Mwp
Length = MS Reading + Least Count of
Vernier X VS division Coinciding with MS

0 Main Scale 10 20 mm
Imng 2 U $ 6 F ¢ gq

EEEER
| P \' \
0123@95678910

Vernier Scale
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Positive Zero Error: If nothing is placed Mearwud= 5 2 « qmp
and zero of VS is to the RIGHT of zero
of MS, then the zero error is positive.

B
Zero Error is subtracted from the é
reading to get the corrected value. Ot ’(32@
0 Main Scale 10 20 mm
\|ﬂ|\ ||||||\||||\||
| T B
012345678910
Vernier Scale
Get it on
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Negative Zero Error: If nothing is placed
and zero of VS is to the LEFT of zero of
MS, then the zero error is negative.

Zero Error \J,

2as= (- % o[ = =+ 2 my
Zero Error is subtracted from the c
reading to get the corrected value. SR (=" Bmm): $0s-2.

0 Main Scale 10 20 mm

e b
[TTTITT]

| AN
01 23456 78910
Vernier Scale
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Main Scale

Circular Scale
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Pitch

The pitch of screw gauge is the distance between two
consecutive threads of the screw, which is equal to the
distance moved by the screw due to one complete

rotation of the cap.
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It is equal to pitch divided by the
total divisions on the circular scale.
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Screw Gaug_e_

e = Wdin Scale. Brasting — + Uz oty ot
j lasian 65 X o
22 28y

—

= 2Ymm G -(S":

O 5 1015 20

Rmund ms IQlaobn + CS ot

fmso (auna dm
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Zero Error A

Positive Zero Error: If nothing is placed
and zero of circular scale is BELOW the
line of MS, then the zero error is positive.

Corrected Value = Reading — Zero Error
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Positive Zero Error: If nothing is placed
and zero of circular scale is BELOW the
line of MS, then the zero error is positive.

Corrected Value = Reading — Zero Error
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Negative Zero Error: If nothing is placed
and zero of circular scale is ABOVE the
line of MS, then the zero error is negative. = [ 00

Zero Error A
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Addition and Subtraction Rule

wSaral

A+ AA B + AB
_I_ e
R=A+B R=A-B
AR = AA + AB 1 Power Rule
Product and Quotient nuie APBY
_— = CSDt
R=AXB R = A/B
dR dA dB AR _AA AB
R A'B | AR_nA 4B R
AR AA AB | R A B g, AN
R A B ; . c D
Vernier Caliper -
0 Main Scale 10 mm 20 mm .

v
Systematic Errors

v
Random Errprs

Error Measurement contains some Uncertainty
which is called Error
Accuracy is a measure of how close the measured
value to the true value of the quantity.
Precision is to what resolution or limit the
quantity is measured.

Absolute Error -The magnitude of the difference
between the individual measurement and the true
value of the quantity.

= Least Count ‘— The smallest value that can be
measured by the measuring instrument

Absolute error in a measurement

Relative Error = -
Size of the measurement

(or Fractional) Error

TTTTTTITI
12345678910

Vernier Scale

1 Main Scale Division
(MSD) = 1mm

ERROR IN MEASUREMENT

‘a’is a number
between 1 and 10

= Scientific Notation a x 10°

1 Vernier Scale Division (VSD) = 0.9 mm

Length = MS Reading + Least Count of Vernier x VS division Coinciding with MS
Least Count of Vernier Calipers=1 MSD -1 VSD =0.1 mm
Zero Error is subtracted from the reading to get the corrected value.

Screw Gauge
PITCH: Distance between two
consecutive threads of the screw.

Pitch
No. of division on circular Scale

Least Count=

Reading = Main Scale Reading + Circular Scale Count

Corrected Value = Reading — Zero Error
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Absolute error in a measurement
Percentage Error =

Size of the measurement

x 100

Rules for Determining the Number of Significant Digits
For numbers with no indicated decimal

1. All nonzero digits (1-9) are to be counted as significant.
2. The terminal or trailing zero(s) are 2
For numbers with indicated decimal

1. All nonzero digits (1-9) are to be counted as significant.

2. Zeros that have any nonzero digits anywhere to the left of
them are considered significant zeros.

3. All other zeros not covered in rule (2) above are NOT
considered significant zeros.
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Error Measurement contains some Uncertainty
which is called Error
Accuracy is a measure of how close the measured
value to the true value of the quantity.
Precision is to what resolution or limit the
quantity is measured.

Absolute Error -The magnitude of the difference
between the individual measurement and the true
value of the quantity.

= Least Count ‘— The smallest value that can be
measured by the measuring instrument

Absolute error in a measurement

Relative Error = -
Size of the measurement

(or Fractional) Error
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Vernier Scale

1 Main Scale Division
(MSD) = 1mm

ERROR IN MEASUREMENT

‘a’is a number
between 1 and 10

= Scientific Notation a x 10°

1 Vernier Scale Division (VSD) = 0.9 mm

Length = MS Reading + Least Count of Vernier x VS division Coinciding with MS
Least Count of Vernier Calipers=1 MSD -1 VSD =0.1 mm
Zero Error is subtracted from the reading to get the corrected value.

Screw Gauge
PITCH: Distance between two
consecutive threads of the screw.

Pitch
No. of division on circular Scale

Least Count=

Reading = Main Scale Reading + Circular Scale Count

Corrected Value = Reading — Zero Error
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Absolute error in a measurement
Percentage Error =

Size of the measurement

x 100

Rules for Determining the Number of Significant Digits
For numbers with no indicated decimal

1. All nonzero digits (1-9) are to be counted as significant.
2. The terminal or trailing zero(s) are not significant.
For numbers with indicated decimal

1. All nonzero digits (1-9) are to be counted as significant.

2. Zeros that have any nonzero digits anywhere to the left of
them are considered significant zeros.

3. All other zeros not covered in rule (2) above are NOT
considered significant zeros.
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