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PHYSICS is the science that deals with idea ©
asured in units. There

The physical quantities are me
and their units are given below

Yo '“‘"’"‘!‘m

f matter and energy.

are seven S| base quantities in Physics. The names

Physical Quantities Base Unit

" Llengh | melre | m
Mass N “kilogram | kg

"Tme |  second s
~ Cumemt | ampere A
M‘_JT?mperalure T kelvin K
Amount of substance | ~ mole | mol
Light Intensity candela A T cd

PREFIXES FOR SI UNIT:

Prefixes are multiple and sub multiple units of Physical quantities. The prefixes are used to express the
physical quantity in big or small values. Some commonly used Sl prefixes are given below:

1: Metre Rule:-

The instruments for measurement of length }

(

A metre rule is @ wooden or plastic or steel bar of length 1m%r100 ¢m.

The ruler is used to measure the length of straight pbjects or straight distance between

The eye sight must be perpendicular to the point of reading of ruler to avoid parallax

a.
b. The divisions marked on ruler are in cm, mm and inches.
c The accuracy or least count of ruleris Tmm or 0. 1cm.
d.

two points in cm or in mm.
e.

error.
f.

The wear and tear of instrument may damage few divisions at the ends of ruler. The error
caused due to the damaged divisions is called zero error. Check the ero error before

using the ruler.

rF
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2: Measuring Tape:-

a. A measuring tape is a plastic strip of several metres long

b. The divisions marked on tapes are in cm, mm, inches, feet and metres

C. The accuracy or leas! count of tape is 1mm or 0.1cm

d. The measuring tape is used to measure the distance between two ponts in meters. The
tape can also measure the length or diameter or circumference of curved objects

€. The parallax error and zero error must be avoided while using measuring lape.

3: Vernier Callipers:-

A vemier caliper consists of main scale, vernier scale and two jaws, made up of steel.

a.
b. The accuracy of this instrument is 0. 1mm or 0.01cm.
c The vernier caliper is used to measure the diameter of spherical objects, internal and

external diameter of tubes in cm or mm.
How to read Vernier calipers
e« Check the zero error of instrument. Its value must be added to or subtracted from the final

reading.
« Gnip the object gently between outside jaws.

inside jaws

main scale

5 6

N— vemier scale

ball bearing

outside jaws
Read the main scale division directly opposite the zero mark on the Vemier scale. For diagram

above,

Main scale reading =3.1em

« Read the Vernier scale division which coincides with a marking on the main scale.

i.e. Vernier scale reading =4xL.C
=4x%0.01 cm = 0.04 cm

Final reading = main scale reading + vernier scale feading i.e.

Final reading =3.1+0.04
Or
Final reading =3. 14 cm
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4: Micrometer Screw gauge:

A screw gauge const sts of ratchet, thimble, sleeve, cpinr’le and anvil.

a.
b The accuracy of this instrument is 0 01 mm or 0.001cm
c The screw gauge is used to measure diameter of ball bearings & wires, thickness of cojp

& paper elc

HOW TO READ SCREW GAUGE

Check the zero error, by closing the spindle without

subtracted from the final reading |
Grip the object between anvil and spindle. The rachet is used to tighten the object in the grip.

thimble scale

anvil sleeve / I" thimble
spindle .[

any object. This value is either added to or

0
/ j l?:. I oo
LR LARARL 432
el !
ratchet
main scale
) datum line
cross-section
of wire

Read the main scale, by noting the last division seen on the sleeve.

For diagram above:

Main scale reading = 8.5 mm

Read the thimble scale division, coinciding with the datum line.

Le. Thimble scale reading =40 x L.C

=40x0.01 =040 mm

The final reading can be calculated as:

« Final reading = main scale reading + thimble scale reading
Final reading = 8.5 + 0.40
i.e. Final reading = 8.90 mm

PRECAUTIONS OF USING CALIPERS AND MICROMETER:

Check zero error and note its value. O
Clean and wipe the instruments. j\%
Avoid parallax error. @/) )
Grip the object in instruments gently. , AN 7
Repeat the reading and take average value for more accuracy.,\/x \\\
& @\

OB W

'~ \*

ERRORS IN MEASUREMENT: R4

g 4 Parallax error: \
This error is produced due to wrong posilioning of eye Ievel on the pomt of reading. The eye sight
must be perpendicular to the point of reading to avoid this-error.

2. Zero error:
The zero error occurs when the vernier caliper or mlcrorm,tu is fully closed without any object

and does not give zero reading. Iy .
The zero error is either added to or subtracted from the ﬁndl reading.

R
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unit =1
e
ey o
_Fo —f
3 =0
\J
All measurements should be reduced  All measurements should be
No zero error 1,y 0,03 mm (- 0.03 mm) increased by 0.03mm (+#0.03 mm)
3. Human Reaction error: .
ue to his/her reaction time. This error

The error caused by a person in noting the time intervals, d
mized by repeating the

varies from person to person according to their age. This error can be mini
experiment and taking average values.

MEASUREMENT OF TIME:

Time is measured in years, months, days, hours, minutes and se
intervals different kinds of clocks and watches are used as summarize

Use and accuracy

conds. Due to wide range of time
d in the table below.

" Atomic Clock | eavhon time intervals of about 10° " seconds.
Digital stopwatch Measure short time interval (in minutes and seconds) to an accuracy of £0.01s
Measures short time intervals (in minutes and seconds) to an accuracy of £0.1s.

" Analogue stopwalch

" Ticker-tape timer

_ Watch

" Pendulum clock

Radioactive decay
clock

Measures short time intervals of 0.02 s.
Measures longer time intervals in hours, minutes and seconds.
Measures longer time intervals in hours, minutes and seconds.

Measures in years the age of remains from thousands of years ago

THE SIMPLE PENDULUM:

A simple pendulum consists of a metal bob, attached at the end of string, hanging from a support.

BASIC TERMS OF PENDULUM: Fixed support

o Oscillation:
One complete round trip of a pendulum is AN IR
called oscillation. i.e. from O—A—B and i % 2
back to O. / \ R
N

o Time Period (T):
Time taken by a pendulum to complete

one oscillation.

« Frequency (f):
It is number of oscillations completed in

one second.

where f = frequency, measured in Hertz (Hz).

O o
B\‘:/ A

! VRN

/ \,
o
/ x \ -
N
~- . —— metal bob

O—mean position
A— end position

B— end position

How to determine time period of a Pendulum using stop watch?

e Setthe pendulum into motion.
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«  Note time for 20 oscillations by using stopwatch.
«  Find the time for one oscillation by using the formula:

ot
| =-—

n
Where
t = time noted by watch.
n = no. of oscillations.
T = lime period.
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Physics Teacher’s Notes

M. A. Chaudhary
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Syllabus 2017 - 18

Kinematics

e Basic Definitions

e Retardation or Deceleration

e Key points of using Kinematcs formulae
» Key points of Distance-Time graph

e Calculation from Distance-Time Graph
o Calculations from Speed-Time graph
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BASIC DEFINITIONS:

Displacement:-

The shortest and straight line distance between two points, travelled in a specific direction.

Unit: m

Speed:- Distance travelled per unit time.
- L _ distance |
. Q -
Formula: TEG,Cd_ = |
Unit: m/sorms’

Types of Speed:
a) Average Speed:

It is the total distance travelled in total time.
Formula:

Average Speed =

u+tv
Or <V> = T
Where u = initial speed.
V = final speed.

<V> = average speed.
b) Uniform Speed:

Total distance

___Total time

If the object is moving with constant speed, then its speed is uniform.

c) Non-Uniform speed:

if the speed of an object changes with time, then it is moving with non-uniform or variable

speed.

Acceleration:
Itis increase in velocity per unit time.

Formula:

r change in velocity

rAcceleralion =

| S — _lime
V—u
a=—
. ) {
Where u = initial velocity.
t =time taken,
a = acceleration.

Unit: m/s’ or ms*

RETARDATION OR DECELERATION:

Itis decrease in velocity per unit time,

|
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Types of acceleration-

2) Uniform a2cceleration-

¥ velocity of an object changes

uniform M equal amounts n equal time intervals, then acceleration s

b) Non-Uniform acceleration:

" ',-p'go{—,gy of 2n obiect
-3 Y an object changes unequally in e .
acceleration s non-yniform {ually n equal time intervals, then

Formulae in Kinematics

1. <> = ¥ or —_“1:3! distance
2 total time

-~ v u

L a =

| §
Distance = average speed x time

Uty
. S =(—
e ( S )t

ar

Wwhere u = initial Speed

V. = final speed.
<V>= average speed.
t = lme

a = Qacceleration.
S = distance.

KEY POINTS OF USING KINEMATICS FORMULAE:

If 3 body stans from rest, then initial speed u=0

If a moving body comes to resl, then final speed v =0

If a body 1s thrown upwards, at highest point, final speed v = 0

If a body falls freely, at starting point, initial speed u=0

Time taken 10 reach max. height =Time taken to return to original position.

A R A

Distance-Time Graphs

]..

A hornizontal line indicates a speed zcro,\ns the
body is not moving from its initial position:

dstance

e ——p

] A straight line shows uniform speed since distance
increases unifofmly with time.

dslance

v

e ——yp
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The distance-time curve is that of non-uniform

speed. From O—A, speed decreases gradually to
zero, from A—B, speed increases.

O

»
»

tme —» B

KEY POINTS OF DISTANCE-TIME GRAPH:-

e
.

»
»
.
»
»

The gradient of distance-time graph is the speed of a body.
If gradient is zero, body is at rest.

If gradient is constant, boady is moving with uniform speed.

If gradient varies, body is moving with non-uniform or variable speed.
If gradient is negative, body is moving in opposite or reverse direction.

CALCULATION FROM DISTANCE-TIME GRAPH:

1. Speed = gradient of line

l.e.

2. Average speed =

change in distance
Speed =

time taken

total distance

total time
Speed-Time Graphs

-

|

v

Object is at rest.

v

t ———p
4
Speed of object is increasing uniformly with
constant acceleration <
— & 4z
N\
“ OIS
N\
2 oA,
, NN ‘/ '
Speed of objectig constant so acceleration is zero.
| — *
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-

[§.]

A—B, acceleration 1s undorm
B—C, acceleration is zero, — A~
C—D, retardation s untform.
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CALCULATIONS FROM SPEED-TIME GRAPH:
1)Acceleration = ‘-‘:—“ = gradient of line.

2)Distance = Area under a speed time graph.
Area of a tnangle = '; base x height.
Area of rectangle = length x breadth.
Area of a trapezium = % (sum of parallel sides)height.

ie. V2 (a+b)h.
where a = length of one side.
b = length of other side
h = height between a and b.

Acceleration of free fall or acceleration due to gravity

The uniform acceleration produced to the freely falling body, due to gravity is called acceleration of free
fall. Its value is approximately 10ms™.

The acceleration due to gravity is directed towards centre of the earth.
The acceleration due to gravity does not depend on masses of the falling bodies.
In the presence of air resistance, the acceleration due to gravity decreases.

For upward motion, the acceleration due to gravity is g = -10ms™ and for downward motion,
g=+10ms™.

VY Vv v

Motion of bodies in air resistance

The air resistance has the following effects:
1. Italways opposes the motion of moving objects.
2. Itincreases with the increase of speed of the objects
3. Iltincreases with the size of the object.

Terminal velocity:-

When the air resistance on an object falling in gravitational filed %
becomes equal to the force of gravity, then object moves with
uniform velocity, called as terminal velocity.

Graph of termihal velacity

X

Graph Shows that:

'\\ N

e Object falls with an initial acceleration of 10ms™ i.e. with acceleration of gravity.
e The acceleration gradually decreases. ( ().
» When air resistance and gravity forces become equal then acteleration is zero.
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Dynamics

-
Frrres

-
e Effect of Force
. ' a 'n - - T'-T{’, ~ Forres
y I cs . Cﬂ,.,‘n," A~ et o TR e, of 3 votwcie
T » I ~
¢ Braking. thinking & stopping Osiances
. Exampies of croular motion
- Balanced and Unbalanced Forces
. Newton's law of mobon
L Methods 1o determene resuffanrt O i g
0 Level e Deformabon
e Amrangement & Procedure

Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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SECTION-1 = FORCES

F r r h n an oo 3 h 2S5 O ’(HV("‘ '(] h‘.qf‘.("‘(} ”.E’. S 18((‘ 0' lE?Sl or uni ()rm ) 1:5 n
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G! \ha‘ Ob}e‘ct

EFFECT OF FORCE:

» Force can change the shape of a body.

» Force can stop the moving body

» Force can set the body into motion

» Force can accelerate the body.

» Force can decelerate the body.

» Force can change the direction of a moving body.

TYPES OF FORCES:

Forces

Description
1. Force of Gravity

The pull of earth acting on an object.

2. Force of gravitation

Itis force of attraction between any two objects in the universe.

3. Tension Itis the force experienced by stretched or compressed objects.

4. Friction The contact force which opposes the motion of body, due to the roughness ¢
surface.

5. Resistance When a bod

y is dragged through a fluid (
y and fluid called as resistance o

When an object is made in cont
that surface is ¢

ar or liquid), there is a friction
between bod

rviscous force.

act with a surf
alled contact force or normal re

The push or pull between electric charges
The push or pull between magnels,

6. Contact Force or Normal

ace, then the reaction force ¢
reaction Force action force.
7. Electric Force

8. Magnetic Force

Effects of Friction:

Friction is a contact force that slows down moving objects, Friction ha

Negative Effects

Force of friction Causes wear angd tear in 1.
moving pars of machine.
2. Force of Friction reduces

s both positive and negatjve effects.
Positive Effects g ,
of friction helps in hélding the objects
| walking on groung )~
the engine power, 2. Force of friction’ he
vehicles '

1.

Force

Ips In"stopping the moving
Methods of Reducing Friction .,

1.
e

Using highly polished surface for moving parts

Using a layer of lubricants between moving pans.
3. Using ball bearings to enable surface 1o rol) ()vr:r.

4, Making the acrodynamic shapes

of moving objects.

4
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URIES BYNARIEE Sl

SECTION-1 = FORCES

nds to change the state of rest or uniform motion

Force: It is pull or push on an object that changes or te
of that object.

EFFECT OF FORCE:

» Force can change the shape of a body.
» Force can stop the moving body.
» Force can set the body into motion.
» Force can accelerate the body.
» Force can decelerate the body.
Force can change the direction of a moving body.

TYPES OF FORCES:
The pull of earth acting on an object.

1. Force of Gravity
It is force of attraction between any two objects in the universe.

2. Force of gravitation
3. Tension It is the force experienced by stretched or compressed objects.
4. Friction The contact force which opposes the motion of body, due to the roughness -

surface.
When a body is dragged through a fluid (air or liquid), there is a frictes
between body and fluid called as resistance or viscous force.

6. Contact Force or Normal ~ When an object is made in contact with a surface, then the reaction forcs ¢
reaction Force that surface is called contact force or normal reaction force.

7. Electric Force
8. Magnetic Force

5. Resistance

The push or pull between electric charges.
The push or pull between magnets.

Effects of Friction:

Friction is a contact force that slows down moving objects. Friction has both positive and negatjve effects.
\v

VAN
Negative Effects Positing}'écts
1. Force of friction causes wear and tear in 1. Force of friction kelps’ in h’6]:1tn9 the objec!
moving parts of machine. walking on groind. () ;
2. Force of Friction reduces the engine power. 2. Force of friction helps-in sfopping the mow
vehicles. /AN T

Y
Methods of Reducing Friction .
1. Using highly polished surface for moving parts.
2. Using a layer of lubricants between moving parts.
3. Using ball bearings 1o enable surface to roll ovFr.
4 AN

Making the aerodynamic shapes of moving 'obj‘ects.

i
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EFFECTS OF FRICTION ON THE MOTION OF A VEHICLE

. . e .
! th\;rfozl(;rf?s: r;fO‘Y’e surfgce is in good condition then there is more friction between the tyre and
] ving vehicle can be stopped easily within the stopping distance.

2. tRo’otzd Ctond'mon.: If road is wet, the friction between tyres and road reduces, resulting in increase
e stopping distance. The vehicles can also skid at turns, due to wetness of road.

3. Braking Force: If braking pads/discs are in good condition, then braking force causes more
friction and stopping distance reduces.

BRAKING, THINKING & STOPPING DISTANCES

1. Braking distance: The distance travelled by a moving vehicle during the time that the brakes are

applied.
Thinking distance: The distance travelled by moving vehicle during the reaction time of driver,
before applying the brakes.

3. Stopping distance: The total distance travelled by movin

and stopping the vehicle. i.e.
Stopping distance = thinking distance + breaking distance.
The braking, thinking and stopping distances are not equal due to following factors.

g vehicle, between thinking the distance

a) The road condition.

b) The tyres condition.

c) The brakes condition.

d) The speed of moving vehicle.
e) The vehicle is loaded or unloaded.
f) The human reaction of driver.

Circular motion

If the distance of an object remains constant from a fixed point, throughout its motion, then object is in
circular motion. The circular motion has fi
If speed of object in circle is cons

ollowing characteristics.
tant, its direction keeps on changing, so velocity is not constant.

stant in circular motion is determined by the tangent to circle at

I'd
> The direction of velocity at any in
that point.
> The force which keeps the object moving in circular path is called centripetal force,/--‘This force is
always directed towards centre of circle. < 5@ N
‘K\\\‘/\%\\
EXAMPLES OF CIRCULAR MOTION: W
AV L

g

1. Motion of electrons: S
erted by the nucleus on electron, provides,cent

The electrostatic force ex
The electrons keep on orbiting around the nucleus in circular motion.

ripetal force to electrons.

N7

2. Motion of Satellite: )
ides centripetal forcevjlo' the satellite. The satellite keeps on

The force of gravity of earth prov
orbiting around the earth in circular motion.

I,’

3. Motion of Planets: ~ %
The planets move around the sun due to gravitation
centripetal force to the planets. Each planet in the solar system is directed toward
centripetal force and keeps on moving in fixed orbit.

)
al force. The gravitational force provides
s sun, due 1o
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BALANCED AND UNBALANCED FORCES:

ncel
Balanced Forces: Two equal forces acting in opposite directions cancel each other out. Theg

are balanced forces. The balanced forces produce two effects.
1. Object s either at rest or
2. Moving at a steady speed.

Unbalanced Forces:
unbgzalanced forces,
The unbalanced forces

1. Efther accelerate the object or

2. Decelerate the object

NEWTON’S LAW OF MOTION:

Physics |

Olovy

Two forces of different values acting in opposite directions, on an object g

First Law: A body continues its state of rest or uniform motion until an external force acts on it.
Second Law: When a force acts on a body, then acceleration is produced such that

e ao F 1e acceleration directly proportional to the force applied.
* 3o Um Le. acceleration inversely proportional to the mass of body.

The acceleration, force and mass are related by the formula:

The unit of force is Newton (N).

Third Law: To every action there is equal and opposite reaction.

Scalar and Vector
1. A scalar quantity is that which has magnitude only.
magnitude as well as direction.

2. A vector quantity has

Distance

F=ma

Displacement

Length
Speed

Time

Force
Drznssly
Area
Volume

7 Ené!g‘-f

Pressure

Velocity

Acceleration

Weight
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Resultant Vector The combined effect of two vectors is called resultant vector.
METHODS TO DETERMINE RESULTANT VECTOR:

1. By addition: If two veclors are in the same direction then their magnitudes are added up to find
resuftant vecior

2. By Subtraction: If two vectors are in opposite direction, then they are subtracted from each other
to find resultant vector

3. Parallelogram method: I two veciors are at certain angle, then Parallelogram method is used to
find resultant vector. “Complete the paralielogram joining the given vectors at their angle. The

length of diagonal determines the resultant vector.”

~
)

Fiq. Parallelogram
A & B—s vectors
R — resultant vector.

4. Triangle method: If two vectors are at 90°, then the

resultant vector 1s obtained by head to tail rule.
“Join the head of fist vector with the tail of second
vector The resultant vector is obtained by joining  the
tad with the tail of first vector and head with the head of
second vector.”

SECTION -3=DEFORMATION

Elasticity or Elastic deformation:

|

A
A & B— vectors
R —s resultant vector.

When a force is applied then shape of an object can be changed. On releasing the force if object regains
its onginal shape then this effectis called elasticity or elastic deformation.

Elastic limit or limit of proportionality:

)
A~
N

N

It is the maximum extension in an elastic cbject, after which it either breaks or defoms permanently
N

Hooke's Law:

Within elastic limit, the extension produced in an elastic object is directly proportional to the force applied.

.

I '
B,.—C c
O
8 %
S @
=
o

A extention A

v

force
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Port A =Hooke's law = valid |
Poirt B = Elastic e or tim2 of proportionaify
Point C = Breabang port

Ao B = elastic deformation

B 1o C =Plastic deformation

Experiment to verify Hook's law.
Apparatus: Spring, melre nie, stand, weights or loads

ARRANGEMENT & PROCEDURE:

Attach a spring with stand and measure its original length ({;) with rule
* Antach a load or weight at the end of spring. Measure stretched length of spring

;) with rule
* Similatly, attach different loads at the end of spring and measure the stretched lengthg o o Sorng
for each load.
* Record the results in the table
Spring > .
b
Stand — L «—metre rule
re ™
-
ok
Load olv
wrd
1A
o
1 A
No. of Original length (¢ | Final length (¢ . N
Obs. ) 2) Extension(!,.t 1) Loadlweight
Cm Cm Cm | N
1 1 —
2 — |
3 1 —t ]
4 —— |
| i
S SR — H
o TR —
wb\\—-\ — E - \ l
* Draw the graph between extension and | N2
0 .
So Hooke's law is verified. 2d. the graph is a straight lifip, passing !hw'ugh ongn.
4
extension

i
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UNIT4

Mass, Weight
And Density

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Prywe s O Lovet

Syllabus 2017 - 18

Mass, Weight and Density
Gravitational Field
e Gravitational Field Strength
Procedure
To determine density of Regular object
e To determine density of irregular object

e
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S0 Physie.
(i . 4

Unit-4 MASS, WEIGHT AND DENSITY

GRAVITATIONAL FIELD:

- - » to gravitational attrac
| field s A region n which a mass expernences a force due q aclion,
Gravitational field s a re i »

GRAVITATIONAL FIELD STRENGTH:

1,
{ )
" \ bt | f weting per unit mass, Its value is approximately 10 NKq ' i force of Tea
Lis the gravitational force acting = arth's surface. ity
acting on an object of mass 1kq is about 10N, on the Earth’s ¢

Difference between Mass and Weight:

The amount of substance in a body is called

1. The pull of gravity on a body is ¢

alled nghf
—— 2. The weight of a body varies from pﬁ?,c‘é"to
2. The mass remains constant everywhere. place. | o
3. The weight is directed towards centre of éSFih
3. Mass has no direction i.e. scalar quantity. L.e. vector quantity. | o |
4. s measured in Kg. 4. Itis measured in N.
5 Nis measured by beam balance or electronic 9.

Itis measured by spring balance or NEM@H’"":

tor
balance. meter.

Calculation of Weight:
The mass and weight are related by the formula:

W =mg

Where m = mass of object
W = weight of object

9 = gravitational field strength or acceleration to gravity. The value
10ms*

of g is 10NKg™! o
Inertia:

Itis the ability of a body to resist when its state

The inertia depends on mass of a body. The massive bodies offer more re
rest or motion is

changed i.e. they have higher inertial values

of rest or uniform motion tends to be charged.

sistance, when their state of
than lighter bodies.

Examples:- O\ .,_,%0

1. When the car travelling straight turns round the corner, the passengers (and o falluiﬂ opposite
¢ S
- 7

direction of turn, due o inertia.

2. Aperson rnding on molorcycle, if suddenly brakes are applied, tends to fal lnr\var(f\ﬂ\ma to inertia.
Y ’\\\ s
\ (K \ \‘

Density:

L l
The mass per unil volume of a substance is called density.

Formula: Density = ——o G
volume .
( \
O[ ‘) = Lll ‘ =
Unit; v

3 '
Kgm~ or gem™

Methods to determ

ine density of 5
a)  Liquid.
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Unit - 4 g
&

b) Regularly shaped object.
c) Imegularly shaped object

To determine density of Liquid:

Apparatus: beam balance, burette, beaker and stand.

PROCEDURE:

1. Find the mass (m,) of an empty beaker with beam balance.
2. Shift a known volume (V) of the liquid from burette into beaker.
3. Find the mass (m;) of beaker and the liquid with beam balance.

Burette

Calculation: “0
The mass of liquid = m = m,-m,
Use the formula:

Density =

mass

volume
to find density of given liquid.
TO DETERMINE DENSITY OF REGULAR OBJECT:

Apparatus: beam balance, ruler, regular shaped object

Procedure:
1. Determine the mass of regular object with beam balance.
2. Measure the length (£), breadth (b) and height (h) by using a meter rule.
QAN
. . 4 \\\\\
Calculation: 0 N
= {xbxh >

The volume of object

Use the formula,
mass

Densit
y volume

—

to find density of regular object.
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TO DETERMINE DENSITY OF IRREGULAR OBJECT:

Apparatus: Beam balance, measuring cylinder, irregularly shaped object.

Procedure:

1. Find the mass of irreqular object with Beam balance.
2. Fill measuring cylinder with water up to volur_ﬂe (V1)
3. Completely immerse the object into water. Find the new volume (V).

N

1

il

plelbe el balal

Calculation:

meniscus ]

 —)
[1]

~

V2

small
object

s

I]ll%llllh!

The volume of irregular object = V,-V,

Use the formula: density =

mass

volume

to determine density of irregularly shaped object.

Precautions:

» Avoid parallax error.

» Place the measuring cylinder on a flat surface.

» Read the volume from bottom of meniscus.

» The object must be completely immersed into liquid.

» Measure mass of object, before measuring its volume.
Note:

>

reading.

» If the object is too big to be lowered into the measurin

determine volume of solid.

measuring —

cylinder

TTTTTTT
:I|I|I‘I|l'l,l|.l‘:,.l

Lot Ll

displacement
can

wooden
block

If object floats in water, then tie a sinker to object. Subtract the volume of the sinker from the final

g cylinder, use a displgge@é“nt come 10

/:-3 N

)

7"
N |

o~ |
A\
/ AN )
P R\

" .
S Y N
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Turning Effect
Of Force

O Level
Physiecs Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Physics O-Level

Syllabus 2017 — 18

Turning Effect of Force
Tuming Effect
Moment of Force
Equilibrium
Centre of mass (c.m) or Centre of gravity
(c.9)
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TURNING EFFECT:

— " 5 S 2T o ¥ ~F 8 -
W . - o Ewnd it Thee e called tur efie ¢ v
Wihen 2 7{7_’Cé 6.9 3:::*9"_‘ then v:b ect may s o _,": a foxed pos s IS Cawey g 1
g J
- - o~ & A r
mﬁ‘ TOR md ’6"’"“ ob — s,‘....,s s './‘:! e.: D s A ;:.' Oor fUsCrum

Thn turmingG p“% d;_'-c—-,i, on
a) Magnitude of force |

n '
)
b
2]
D
N

) : -~ Py o
b) Tw-‘g :ﬁTCmn ",.g;, ;-a pt:,-—;-»( A frrpm bro ~F A ‘,‘l ',‘"""P to the D

b PR NATK) (Y ) * ¢ - 2 U8 gL U LT W

Examples of Tumning Effect:
a) Opening of 2 hinged door
b) D:"f*'fr" of a bicyde
c) Opening of 3 bottle cap
d) Tuming the steenng w 'C:C-!

")

MOMENT OF FORCE:

t is the product of force and perpendicular distance from the line of action of the force to the pvot”
Formula:
Moment of Force = Fxd
Where F = Magnitude of Force.
d = perpendicular distance.
Unit: Nm.

Clockwise and Anticlockwise Moments:

» |f the object tums clockwise, then tumning effect is called clockwise moments.
» If object turns anticlockwise, then tuming effect is called anticlockwise mumsnss

EQUILIBRIUM:
“A body at rest or moving with uniform velocity is said to be in equilibriu
The two conditions of equilibrium are:

1. Sum of forces in one direction is equal to sum of forces in

2. Sum of clockwise moments is equal to sum of anticlockwise
. ~ “‘:
N YWY
Principle of moments: AN T
For an object in equilibrium, the sum of clockwise moments is equal to sum of ant daf‘w.;n momems iLe.
Clockwise moments = Anticlockwise moments N -
Le. F,xd, = F,xd, '
&
[ ~
v 9
F Pivot F
Experiment: To investigate the Principle of Moments
Apparatus: Uniform metre rule, load (W,), load (W), suings, knife edge, Retort stand.
‘A

Scanned by CamScanner



1{-\-'-.5

Procedure:

1) Setup the apparatus as shown in Fi
2) Balance the system by adj

gure with the knife edge at the 50 cm mark
usting the distances d. and d..
3) Varyd, and change d, so that the s

Physics O-Leve!

: : ystem is balanced for 5 sets of d, and d,.
4) Calculate the anticlockwise moments Wixd, and the clockwise moments W,xd, and tabulate as
follows:
Table:
i W, d1 WZ jr d, W1'd1 WTLd?
| |
Observation:

From the table, the anticlockwise moments given by (W;xd,) are found to be equal to the clockwise

moments given by (W;xd,) for each set of d, and d,.So principle of moments is verified.

CENTRE OF MASS (C.M) OR CENTRE OF GRAVITY (C.G)

The point through which whole mass or weight of an object appears to act is called its centre of mass
(c.m) or centre of gravity (c.g).

To locate c.g. of regular objects:
The c.g of regular objects can be determined by balancing them on a knife edge or pivot. The c.g. of

some regular objects are described below with diagrams.

50 CG.

A
|

wAa.
CG. of a metre rule

Wi B

CG. of aredangle

100

CG. of atnangle
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Undt - 5
f irregular shape by plumb line.

To determine position of cmorcgol plane lamina o !
umb line, Cork and Pin.

Iregular lamina, Stand, P!

Apparatus:
|
- =
Plumb — |
- plane
‘ lamina
- ) )
Fig. liregular Lamina

Fig. Plumb line

holes near the edges of the lamina.

1. Make three small ‘ .
2. Suspend the lamina through one of the holes u;mg apin.
3. Hang a plumb line on the pin in front of the lamina. |
4 When the plumb line is steady, draw a line on the lamina along the plumb line.
5 Repeat the above procedure for the remaining two hc.)!es.. N
6. The point of intersection of the three lines on the lamina is the position of centre of mass or centre
of gravity.
Precautions:

a should be free to swing about its point of suspension.

1. The lamin
{ be avoided.

2. The parallax error mus

Stability of Objects:
“The ability an o

stability of that object.
The stability of an object depends on:

bject to regain its original position af

a) Base area of object:

ect should be as wide as possible, for more stability.

The area of the base of an obj
desk lamps have wide and heavy bases for more stability.

e.g. the household objects like

b) The position of c.m or c.g:

The centre of gravity (c.g) of an object should be as low as possible, for more sta "ﬂfty?

e.g. the bus is not as stable as racing car, when they come o lurn a com
safety reasons, the c.g of a vehicle should therefore be as low as possibte.kkl-) N\
N L©
K( 7 y ‘,\ )
PN
(&5 N,
(j\\‘_/ ’ \_\\_ ) |
Rl N
) N

ter it has been tilted slightly” determines the

er "ﬁx igh speed. For

‘
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Work, Power and Energy
Basic Definitions
Kinetic Energy
Gravitational Potential Energy
Different forms of energy
Principle of Conservation of energy

Work, Power
aNd Energy S’;‘Z:;;Cnvms@gs in the production of

e Enwvironmental issues of power generation
Renewable and Non-renewable energy

sources
» Einstein's mass energy equation
e Nuclear Fission and Nuclear Fusion

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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BASIC DEFINITIONSZ

wWork: Work 15 said to be done,

Unit or S.1 Unit of work 15 Joule

power: Rate of doing work.

Unit: S.1unit J of power is walt
Energy:
Unit: Joule

KINETIC ENERGY:

The energy possessed by a bod

pOWER AND ENERGY

*

hen a force acts on a body and body covers some dist

\{’mrk = Force x distance

work
ower = ——
tume

dance.

W

(J).

(W).

Itis the ability of doing work.

y, due to its motion is called Kinetic energy.

2
Ex=Yamv

Where m = mass of body.
V = speed of body.
E, = kinetic energy.

GRAVITATIONAL POTENTIAL ENERGY:

It is the energy possessed by a body, when it is vertically elevated in

gravitational field.

’\Tr
Ep, = mgh /_‘_7\\(3\\
I/‘\_‘
Where m = mass of body. < @ - 1‘1 "
g= grayitational field strength. ’(\.\, \Q\
h = height to which body is raised. I\( 7@
| \K‘\ ( }]
(C
A l" N
O\ )
O

Scanned by CamScanner



Un# - 6

DIFFERENT FORMS OF ENERGY:

Forms of Energy
Chemical

Fuels such gasg
explosives.

Nuclear |
2 Atomic bomb

3 | Radiant

radio v
rays.
The energy associate

Power tools ang an
appliances.

4 | Electrical

5 | Internal Energy

6 | Mechanical (@) kinetic energy:

(K.E&P.E) (b) potential energy:

i Gravitational P.E.

! _ ii.
ii. elastic

a catapult.

Sme common Examples
oil, wood, coal,

S, nuclear reactors.
The electromagnetic (E.-M.)

vaves, infra-red (IR),

d with the current in an electric drill,

The energy possessed by the
matter in the form of kinetic energ

all objects in motion.
I. awaterfall, raised objects.

Compressed or stretched springs, the bent
condition of a diving board, the stretched band of

Physecs O-Level

electric cells, food and

spectrum such as visible light,
Ultra Violet (UV), X-rays and y-

immersion heater, and electrical

atoms or molecules of
y and potential energy.

PRINCIPLE OF CONSERVATION OF ENERGY:

Energy can neither be created nor destr
total amount of energy remains constant.

Example:

A swinging pendulum obeys law of conservation of energy.
* Atpoint A, E, is maximum and E, is zero.
e At point O, E, is maximum and E, is minimum.
* Atpoint B again E, is maximum and E, is zero.

oyed, however it can be converted from one form to the other and

Therefore E,—E,—E, and so on, but at every point sum of E; and E, is always constant.

N
\‘}\ \\\\

\.\_’/: __\\‘.‘\

RN

Major energy conversions:

Discuss the major energy changes in the following cases.

1. An object falling from certain height on gﬂoe[..
Ans: Gravitational E, — Ex — Sound & heat efiefgy.

2. A cyclist riding the bicycle up the hill.

Ans: Chemical energy — E, — E,

e s
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3. An object released from 3 catapult, hitting the targel.

Ans: Elastic €, — E, . sound and heat energy.

4. To switch on filament lamp connected to battery.

Ans: chemcal energy +olectrical energy hght & heal energy

5. A diver on a spring board, jumping into pool.

Ans: Chemical energy— Elastic E, — E, —Sounc energy

6. A person knocking the nail into wooden block with hammer.
Ans: Chemical energy-+ E, -+ E, —+sound & heat energy.

ENERGY CONVERSIONS IN THE PRODUCTION OF ELECTRICITY:

1.

Burning of Coal:

Chemical energy — heal energy — sleam energy — kinetic energy —s electrical energy

Hydro-electric Generations: '
Gravitational potential energy — Kinetic energy — Electrical Energy.

Windmills:
Wind energy — Kinetic Energy — electrical energy .

Nuclear Power Generation:

Nuclear Energy - heal energy —» steam energy — kinetic energy — electrical energy.

Solar Energy:
Solar energy — electrical energy.

Geo-thermal Energy:
Heat energy — steam energy — kinetic energy — electrical energy.

Block Diagram of Electricity Generation:

Fuel such as coal, ofl and natural gas are stored forms of chemical energy. The burning of fuel is used to
heat up water which produces steam. The steam energy then converted to K.E of turbine, which produces

electricity. The major energy conversions, from burning of fuel are:

Chemical energy —» Heat energy — steam energy — K.E. — electrical energy
The block diagram for electricity generation is:

[Chemir,:sl Enurﬂr . [Bmh:r] = [Turblnc]- ’ [Genemlor] —» [TransformelJ - [Electn‘cal Energﬂ
-

Input Outbl\{ )
ENVIRONMENTAL ISSUES OF POWER GENERATION: - = m

’

e

’

The Nuclear power generation produces radioactive waslg an
harmful for long time.

The burning of fuel like coal causes air pollution and produces harmful gas\és like CO
lhe construction of huge dams cause destruction of forests of haquls in large space.

o

RENEWABLE AND NON-RENEWABLE ENERGY SOURCES'-\
1.

2. A source of energy which is finite and cannot DL replat:ed easily when it runs out is known as

A source of energy which is infinite and will never run out'is known as the ren
enerqgy. \ )
.. wind, tidal, geothermal, hydroelectric, -;ul'lf (¢

(] "l

non-renewable enerqy source. (C
e.q. coal, oil, gas, radioactive nuclei.
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EINSTEIN'S MASS ENERGY EQUATION:
nergy are

The mass can be changed into energy and energy can be changed into mass ———
S = me’ J
where m = decreases or loss in mass

E = energy produced. ’
¢ = spead of light = 3x10 ms

NUCLEAR FISSION AND NUCLEAR FUSION:

Nuclear Fission is the splitting up of heavy nucleus into two lighter nuclel with release of energy.

interchanged by the equation,

9.
e or S The
The th 2rmal energy released from nuclear fission can be used to heat water to [H’()(JUCU sleam, Th

steam is then used to drive turbines to produce electricity.
)5 with release of

Nuclear Fusion is the combining up of two lighter nuclei to produce a heavy nuclo : :
required for this

2. .
energy. This reaction occurs only into sun because extremely high temperature 15
reaction. We have to invent a usable Fusion Reaclor,

Efficiency: itis the ratio of power oulput to power input,

Formula:
. Power Output
Efficiency =
Power Input
Enerpgy Output
—————— OO

Efficiency =
o y Enerpy Input
The efficiency of a machine can never be 100% because some of the energy is lost in the surroundings in

the form of healt, sound elc.

S
/)
74
red4 i
‘f///.' P
‘-' » £ s
) s A
(o2 ’
//, o

7z

W
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T Pressure

* Pressure of Liquic

*  Almospheric Pressure

*  Experiment 1 demonstrate Almosphers
P ress u re pressure o

* The Simpie Mercury Barpmeter

* The Manometer

Transmission of Fressure Srough Bquids
O Level
Physics Teacher’s Notes
M. A. Chaudhary
Cell: 0300-9412902
o — 1:""“;
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Unit - 7 40 Physics 0.(,,,
Unit-7 PRESSURE
PRESSURE:;
Pressure is the force acting per unit area.
Force
Formula: Pressure =
Area

Unit: Sl unit of pressure is Pascal (Pa).
1P = N/'m’
Factors on which pressure depends:

1. Force or Weight of Object:
The greater is the weight of an object, the larger is the pressure.
ie. PxF.

2. Areain Contact with the object:
Greater is the area in contact with the object, lesser is the pressure.

5 1
ie. P -
A
Examples:

» Suppose a single brick is lying on the table. If another brick is placed on the first one, then
pressure increases, because force or weight increases.

» A brick lying vertically on the table exerts more pressure than horizontally, because there is
less area in contact with table in vertical position.

» A girl wearing heel shoes exerts more pressure than flat sole shoes, because area in contact
with heel shoes is less.

PRESSURE OF LIQUID:

The pressure of a liquid is defined by the relation

[P ]
Where p = density of liquid.

g = gravitational field strength.
h = depth of liquid.

P = Pressure of a liquid.

. (4
Conclusion: :@

1) The greater the depth h, the greater is the liquid pressure. i.e. Pxh

2) The pressure increases with the density of liquid, at given depth .Pxp

3) The pressure of liquid increases with the increase of gravnatl "L field (\

strength i.e.Pog. A
Q”(“\\/ » W
ATMOSPHERIC PRESSURE: 7/\\\ ) \\\b
The pressure exerled due to the collision or bombardment of é\f mﬁlecu[és present in atmosphere i
called atlmospheric pressure. (( /\/ ~

\).
The atmospheric pressure decreases with height. A hel hl mcrea es, concentration of air moleculzz
decreases, so less collision occurs and atmosphe\n ngessurt; decreases The value of atmospheo
pressure is approximately 100000 Pa. This slandard\pressure is’sometimes called one atmospheric
one bar. \S),

_d
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Physics O-Lavel

EXPERIMENT TO DEMONSTRATE ATMOSPHERIC PRESSURE:

Fig. shows a thin-walled metal can, attached to a vacuum pump. Before the air was pumped out. the

pressure inside the can is equal to that outside. As the air is pumped out, a partial vacuum of very low

ressure forms inside the can and immediately the great external atmospheric pressure crushes the can
It is assumed that the material of the can is thin or flexible.

—  Vacuum pump

A—

A

«—A

A

AIR

<« A

A—p

A

A

<A

<« A

<« A

-~

A

Partial vacuum inside

Effect of atmpspheric pressure

THE SIMPLE MERCURY BAROMETER:

Use:

Construction:
A barometer consists of a thick walled glass tube 1m long, closed at one end. It is fully filled with mercury.

to about 76cm or 760 mm as shown in fig.

___vacuum

-

| ___mercury

/ glass tube

mercury
bath

NN\

A

2%

NN

A barometer is an instrument for measuring atmospheric pressure.

The open end of tube is placed downwards, in a mercury reservoir. The mercury column will drop

/(’,r
7

‘\\

N\
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Calculation:

nd then the formula P = pgh g Dries
hieagitt mercury column falls s measured 3 .
i:aia!- at::r;:fr o':zssu—e_ which s approvimately 100000 Pa.

Q

THE MANOMETER:

Use: R isused o measure gas pressure.
m'vﬂ‘ : tube id ke mercury, ol or water |n;
r shape tube containing a column of bqu ~ I
Tt:l:vet 04 k:xxgs‘;if ;Ubom ends beiause both ends are open to atmospheric, Pressyre. wﬁﬁ

on
shorter end is connected o gas supply. the bguid rises in the longer end because gas pressure ig Qreater
than ;!tmosohenc Precsyre

P,
A
=
=Ty h
supply —j]
: l
‘ lowest
--------------------------- liquid
B C level
(a) (b)
Calculation:
The hesght h to which liquid rises in the longer end is measured. The gas pressure can be calculated by
the relation.
Gas pressure = atmospheric Pressure + Pressure due to liquid column,
1Le. P;= P+ pgh
where P, = gas pressure.
P. = atmospheric. Pressure.
pgh = liquid column pressure
Note:
The height h of liquid in manometer can be changed by o
1. Replacing the given liquid with another of different density. @
2. Changing either Gas pressure or atmospheric pressure. @ m&
No change occurs on height h if diameter of U-tube is changed. % @
@ @
o A
TRANSMISSION OF PRESSURE THROUGH LIQUIDS ﬁ@/\ C]\'?
o/ N\
N\ o
Pascal's Principle: \ . g\..g\f
The pressure is equally transmitted in all directions through the lnqujcr_’/ .
F, —~A ( F N
piston 1 5 piston 2 with
with area

=% area A,

liquid
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Unil of ”
suppose 3 force F, is applied on piston 1 of Area A,. The pressure of piston 1 at point X IS equally
transmitted at the same level to y. i.e.
Pressure at X = Pressure at ”
(P)x = (P)y
He [ B_b
Ax Ay

Where A, = area of piston 1
A, = area of piston 2
F, force on piston 1

Fy = force on piston 2

Hydraulic System:

The application of transmission of pressure in liquids is used in hydraulic brakes. The pressure on the
brake padel is transmitted to the large piston on each side of a large disc on the wheel axle. This
pressure causes the pistons to come into contract with disc. Due to force of friction between them, the car

slows down. _ o
The other applications of transmission of pressure in liquids are car jacks and car lifts.

Pressure-Volume relationship of a gas:

The intermolecular forces between gas molecules are negligible. The gas molecules are at large
distances from each other. If pressure on a gas is increased, then gas molecules come close and the
spaces between them reduce. Therefore as the pressure on a gas is increased, the volume of gas is
reduced, provided that temperature remains constant.

This concept first was stated by Boyle.

Boyle’s Law

The volume of a gas is inversely proportional to the pressure it temperature is kept constant.
ie. Vo % if T = constant

The formula for Boyle's law is

P1V1=P,V,
Where P, = Initial Pressure
V; = Initial Volume
P, = Final Pressure @
V., = Final Volume AN
r,'g‘:?/' X
» . . L0 20
When a graph of p against v is plotted, the result is smooth curve, as shown below ,55:’ £
:'x\/;/_'v b
N L
NV
R
ORZ
7
L
Volume :
Pressure T~ »
&)

17
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Kinetic Model of Matter

Properties of solids, liquids and gases
Kinetic Molecular Theory of Gases

Effect of temperature on molecular motion
Pressure of a gas

Factors effecting evaporation

Cooling effect of evaporation

Kinetic Model
Oof Matter

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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C MODEL OF MATTER

PROPERTIES OF SOLIDS, LIQUIDS AND GASES:

Solids:

Liquids:

Gases:

AU S S O

High density.

Ay A

A o

High density.

v

Y

Compressible.
Low density.

”~

re

Can flow easily.
Incompressible.

Fixed shape and volume.
Normally hard and rigid.
Incompressible.

Large force needed to change shape.

Can flow more easily.

Fixed volume, occupy shape of container.

Neither fixed shape nor fixed volume.

Physicg 0.1 Ovey

The distinguishing properties between solids, liquids and gases can be summarized in the table below.

e |

Solid Liquid Gas
(a) Inte'g:);rlucle V:g:&'}ggg Strong attraction Weak attraction
(b) Inter-particle Close Far apart Very far apart |
distances
(c) Shape Fixed shape Takes the shape Entirely fills
of container container
(d) Compression Not easily Not easily Easily
compressed compressed compressed
(e) Motion of Vibration about Random rotation Random rotation
particles fixed points and Translation and Translation

KINETIC MOLECULAR THEORY OF GASES:
Key Points:

N
I'd

'
”~

All gases are made up of tiny particles called as atoms or molecules.

The gas particles are always in continuous and random motion.

EFFECT OF TEMPERATURE ON MOLECULAR MOTION:

@O
% 0"

The increase in temperature causes the following changes in the motlpn oéﬁ;as mole&lies

SOow>»

At high temperature molecules have higher kinetic energy .;
At high temperature molecules have greater speed. '
At high temperature molecules become more wgorous

.7_‘\5

7)

Kr

\\‘ \\)

\\I.\,
SN

A\
A

o

At high temperature molecules collide more frequently resulllng m more pressure.

“l N

N

N\
N\
= \._)
S
=)
/: . F&4
At
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PRESSURE OF A GAS: Physics O-Level

According to kinetic molecular theory,
collide with each other and with the

i ner. D i andom motion. They
area of container and pressure is prodyceg - Bue to collisions they exert a

force per unit surface
Evaporation:

evaporation.

FACTORS EFFECTING EVAPORATION:

1. Increase of Temperature:
This makes the molecules more faster so th
at the .
and rate of evaporation increases. y have enough energy to escape from the liquid

2. Increase of Surface area:
The rate of evaporation increases with
area means more molecules can escape

the exposed surface

area of the liquid. A large surface
from the surface.

3. Decrease of humidity:
If there are water vapours present i
draught above the surface of liquid inc

n the air, then rate of evaporation decreases. However
reases evaporation.
4. Increase of wind speed:
When air moves across a liquid surface, i
reduces their chances of retuming back, s

t carries away escaped molecules above the liquid and
0 evaporation increases.

5. Decrease of atmospheric Pressure:

Decreasing the atmospheric Pressure increa

ses the rate of evaporation, because more
molecules escape the surface of liquid, in the pr

esence of less atmospheric Pressure.

6. Decrease the boiling point:

The lower the boiling point of a liquid, the hi

gher the rate of evaporation. The volatile liquids
evaporate faster than non-volatile liquids.

.‘:/ \\\
COOLING EFFECT OF EVAPORATION: @ &

During the evaporation, molecules gain heat energy from surroundings. Thek s gj’éfe:hfzurgetic molecules
escape and take a lot of energy with them. Hence the average k.e of the remaining molecules decreases

and the temperature falls, causing the cooling effect. QN \/\
R P
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Measurement

of
Temperature

O Level

Physics Teacher’s Notes

M. A. Chaudhary
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Pryeics O Level

Syllabus 2016 — 18

Measurement of Temperature

Heat and Temperature

Fixed Points in a Thermometer
Determination of Fixed Points

Thermometric Property

Choice of liquid in thermometer

Types of Thermometer

The  advantages of thermocouple
thermometer are
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HEAT AND TEMPERATURE:

temperature.

. Temperature is a measure of degree of hotne

FIXED POINTS IN A THERMOMETER:

1. Lower Fixed Point or Ice Point:

It is the temperature at which pure ice melts, at constant atmospheric pressure. It is

value of 0°C
2. Upper Fixed Point or Steam Point:

It is the temperature at which pure water boils, at constant atmospheric pressure. It is

value of 100°C.
DETERMINATION OF FIXED POINTS:

Determination of Ice Points:
Immerse the bulb of thermometer into ice
cubes, contained in 3 funnel. The mercury level
of thermometer keeps on decreasing and after
sometime it becomes steady at a fixed point.
This point is marked as 0°C and called as ice
point,

2. Determination of steam point:
Immerse the thermometer bulb into steam,
above the boiling watler. The mercury level of
thermometer keeps on increasing and after
sometime it becomes steady at a fixed point.
This point is marked as 100°C and called as
sleam point.

THERMOMETRIC PROPERTY:

Heat is a form of energy whi ch flows from a body at high temperature to a body at low

s or coldness of a body.

S assigneq 3

aSS!qngd 3

+—— thermometer

funnel

Manometer
- %

LU

@ W@
\kO

A’\,/

It is the property of a substance, which varies continuously with terdpenlure change A thermometer i
constructed on the basis of thermometric property of a subslz)nce\ Examples ol properties are:

Thermometric Property
Volume of liquid

Liquid-in-glass Thermometer.

Type of Thermometer

Elvclromohve force

‘Thermocouple Thermometer.

Rnslslance

Resistance Thermometer.

Prc sure of gas

Constant volume ‘gas Thermometer.
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Calibration a temperature scale:

The marking of divisions of temperature on a thermometer is called its calibration. The steps involved for

constructing a temperature scale are:

» Choose a thermometnc substance.

» Determine two fixe points i.e. ice point and steam point. Divide distance between fixed points into
100 equal divisions. Each division is marked as 1°C.

To determine temperature on an un-calibrated thermometer:

ﬁl R 2

400
3 Lo
t
L 0 X
Ice (0°C) Steam (100°C)  Unknown body (8= 7
The unknown temperature on an un calibrated thermometer is determined by the formula:
8 = =l2xqpp
Lioo-Lo
where
Lo = length of mercury column at ice point 0°C.
L1oo = length of mercury column at steam point 100°C.
Le = length of mercury column at unknown temperature 8°C.
0 = Unknown temperature to be calculated in °C.

CHOICE OF LIQUID IN THERMOMETER

Advantages of Mercury:
It has a wide range of temperature from -39°C to 357°C.

Itis a good conductor of heat.
It does not stick to the walls of tube of thermometer.

It is silver shiny liquid, easily visible.
It does not evaporate.

L]
Disadvantages of Mercury: NG \\\\

« It can not measure temperature below -39°C, of extremely cold regions. M\“ x\\

e |Itis poisonous »_ ¢

e ltis expensive. P\ Pt

o Its expansibility is low. ®)

Advantages of Alcohol:
Its freezing point is -115°C, so it can measure, any temperature of a cold region.

o Itexpands uniformly. _
« Itis cheap as well as safe liquid. » 2
o Its expansiltivity is high. "

—~ 7 \»I.

Disadvantages of Alcohol:
e Its boiling point is just 78°C, cannot measure hlgh temperatures.

e It sticks to the walls of tube.
« Itis colourless liquid, not easily visible.
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It can evaporate at room temp.

Basic terms of thermometer

TYPES OF THERMOMETER:

The clinical Thermometer: @3

Sensitivity
Range
Responsiveness
Linearity
1. Sensitivity: o
It is increase in mercury length of thermometer, per degree rise in temperature.

el

' N

ie. Sensitivity = =

Where AL = increase in mercury level.

AB = increase in temperature.

The sensitivity is measured in mm/°C. ‘ .
The sensttivity of a thermometer can be increased:
» By using a capillary tube, of narrow bore.
» By using a large glass bulb or increasing volume of mercury.
» By using a liquid of high expansitivity.

2. Range: The minimum and maximum temperature that a thermometer

determines its range. The range varies with the type of thermometer. T
thermometer can be increased:

By using a capillary tube of wide bore.
By using a smaller bulb.
» By using a liquid of low expansion.

Can measyr
he range of a

v

v

3. Responsiveness:

Itis the ability of a thermometer to respond quickly to re
responsiveness of a thermometer can be increased:

» By using a glass bulb of thin surface.

» By using a liquid of high expansibility.

gister the changes in temperature. The

4. Linearity:

The increase in mercury length is directly proportional to the in
thermometer. This property of thermome
The linear scale can be achieved:

» By using a liquid which expands uniformly.
» By using a capillary tube of uniform bore.

crease in temperature of 3
ter is called linearity and its scale is said to be linear,

<

Hg. in bulb Constriction D

Capillary tube Stem E\ @
4\/ = _ 3, 7 ~ 0/ (a\b

JAY

49 4N AR
\ /J‘ lunlnulnnluu IIlllllll]lllllllll[lllllllllllllll_ll\;ll/lll|lllvll'\l//7
/ — \ 1\\._ \/ \\‘
l, |\ ’,-,\\() " V\)
I’l “ |.:/73 - ».\\‘v—»
No Hg here & Z/ A

N ©
G '\r\;\.
N ‘LNO ) ) =i
) ((} <

Scanned by CamScanner



.0
ot 53 Physxca O-Lovel

Eaws | ———
) Bulb Itis made un o = urpose or working I
i mercury @ Up of a thin glass, for rapid conduction of heat. The bulb contains
Capillary tube A tube wi | ‘ |
L closed \::2 narow bore, in which mercury rises on expansion. It's one end is
3) Constriction Itis be;md 1 other is open in bulb,
whie In capillary tube. It stops backward flow of mercury into bulb, for a
Stem i 5 ‘
! of;Znogr/irl i‘:’*z;ng of thermometer normally made up of glass or plastic. It is
5 'ape to magnify the readin
f cale T oo Q.
e s::‘;}I “?"]pefmu,e divisions marked on stem is the scale of thermometer. The
— — =22 15 limited from 35°C to 42°C on a dlinical thermometer.

Thermocouple Thermometer:

@

millivoltmeter

wire B (iron)
wire A wire A
(copper) (copper)
cold V| hot
junction | 0°C 9= 2| junction

A thermocouple thermometer consists of two wires of different metals. The ends of wires are joined
together to form junctions. One junction is kept at steady low temperature and other one at high unknown
temperature. Due to temperature difference of two junctions an e.m.f — electromotive force is set up. The
value of emf is measured with milli voltmeter and then converted to temperature scale.

THE ADVANTAGES OF THERMOCOUPLE THERMOMETER ARE:
¢ It can measure a wide range of temperature from -200°C to 1500°C.
* Itis highly responsive thermometer.
¢ It can measure rapid changes in temperature.
* Itis very sensitive thermometer. 7

)
A\
N
,‘(\<_ \3‘\\
oA/ 4—\\\.\'
KW (\\\»\\\
/7.(}7)/ K \\\
e &
A =
N &2
MRS
N7 A\
N\
“
2
7
7z /\';'/

A —
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Py

t-10 TRANSFER OF THERMAL ENERGY

g T

There are three methods of heat transfer.
« Conduction

« Convection

« Radiation
The detail of each method is described below:

« Conduction: Conduction is the transfer of heat mainly through solids. When hegt i
one end of a solid, then its molecules gain heat energy and vibrate vigoroyg| S;qu“edto
vibrating molecules is passed on to the neighboring molecules and so on. In thig' he 805

transferred throughout the solid by vibration of molecules from one end to the other Way heg &

. Convection: Convection is the transfer of heat through fluids (liquid and gases). Wh
supplied to a liquid, then liquid expands and becomes less dense. The less deH‘se I,ET\'heat is
upwards and more dense liquid at the top sinks downwards. Therefore a cyclic pro(;eslqwd liseg
movement takes place due to density difference and heat is transferred throughout the li?]l?igls Ui

e Radiation: Radiation the transfer of heat mainly through vacuum. Unlike condygyj
convection, radiation does not require any medium for heat transfer. The heat is transferrelgn
form of electromagnetic radiations (mainly infra red), which do not require any medium In the
energy from the sun reaches the earth by the process of radiation. - €.9. heat

Experiments to demonstrate conduction, convection and radiation.
Experiment# 1: To investigate the thermal conduction through different solids.

boiling water

Fo_u_r rods of cﬁﬂerent materials but of the same size, coated with wax are inserted in a metal tank. Pour
boiling water into tank, so that the ends of rods are submerged. The level to which wax melts on different
rods, determines the conduction rate of solids.

Q ? <
Experiment # 2. To demonstrate that water is a poor conductor of heat. @

> &
boiling water Q/’\ é\\‘//ﬂl?
glass lest/:tu[é\ { D

//’\.\’ \\_%
metza{é;]uze { Q«\
A

humer . <(~\\)
PI i | N, Q"
gaiczz the It(;]e cube at the bottom of test tube whiE[ilissﬁlled ith water. Cover the ice cube with wlret
e B;(I)s atatlhlce cube may not float. Heat the test ube alithé'yupper end. It has been observed th3
e top but ice does not melt at the bottom. It shéws that water is a poor conductor of heat

et
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t £3: To demonstrate convection through the liguid.
axpe'""ﬁgsu with water. Keep few crystals of Potassim
Fl the

3.0 g
:"~"';I,'S FEv
=7

-2 4

- — a ——
nate (KMnQO,) at the bottom of flask. Hezat the fAask 1
’ I o o -
permang?@ The water 3t the bottom being less dense rises 1
bottom. f KMnO,. The purple streaks Y "
Y 1009 with c:ystafs o winll,. e JTpee P -_,:r'; Ceorrverson
. a [T AZS_ b 4 —-
ypwards. awards and then downwards are observed in the 3, 7 S currert
moving :Jg‘ show the presence of convection current. __:_:::}:_:_:_; PR
fiask, wh I el permanGanate
N2

c

riment # 4: To demonstrate convection through air.
Expe ’

i”"":-::_c”'-;
M oiece of paper
the buming candle at the bottom of 4 .’ ;
K?epney A and smoldering paper at the top of / Z ‘ A ¢ §|
chmmney B. The hot air above candle rises ) of | )\ R
d‘“n,’ards and more dense air along with smoke S v I ‘ ' : :!_;;:“
ug:';rs from chimney B and travels towards /-, S | - ’—'—‘—'%
ent i cg i |
chimney A. The path ofanmo e indicates \ K ——1/ e 1
presence of convection curre ' ; t - ; j
<<
Connection current

Experiment # 5: To demonstrate that black surface absorbs more infer red radiations than white
surface.

I_\ Shining polished surface

Same size, one is dull bl
o opposite sides of the plates. Heat the

ack and other one smoo
plate melts and its Cork f

-
th shiny. Stick Comks with wax
plates equally. It has been cbse.

rved that wax a‘.!ad‘eo o black
alls down earlier than that of white plate. S N
E:ffeﬂ'ment #6:To demonstrate that black surface emits more infra-red radiations than white
ace, RS s
Take 5 Metal tank and fill it with hot water.
Make on

¢ side of contaj

A , ner dull black and
holsir shiny white. Keep two metal plates
™ al equal distances on

Cork falls down, from
de of tank.
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APPLICATIONS OF CONDUCTION

Good Conductors: : als are good conductors. T
The substances which can conduct heat easily e.g. all met g he ugeg of g,

conductors are:

a) Cooking utensils like kettles, saucepans, boilers etc are made up of stainless steel.
b) Mercury, a good conductor of heat, is used in thgrmometer. |
c) Soldering iron rods are made of iron, with tip made of Copper, as copper is
conductor of heat than iron.
Bad Conductors: '
The substances which do not conduct heat, are called bad conductors or insulators, €.9. glass, Wog
plastic, rubber and materials containing trapped air like wool, fiber glass etc. The uses of bad COnduqc;;‘
are:

Much beh‘:‘f

a) Handles of cooking utensils are made up of ins'ulators. .

b) Fiber glass and polystyrene foam which trap air are used in the walls of houses and ref'iQEfatu;
as insulators. . |

c) Birds have feathers and animals like cats or polar bears have fur to trap air, which act 5
insulator.

APPLICATIONS OF CONVECTION

a) Formation of sea breeze and land breeze.

‘> hoter air (' colder air

sea land sea land

colder air

During day, hot air above the land expands and becomes less dense and rises upwards. The codl
air from sea being more dense moves towards land, called as sea breeze. At night reverse
process occurs i.e. more dense air from land moves towards sea, called as land breeze.

b) The cool air produced by a.c, bein

in the room, rises upwards. The w.
current.

g more dense sinks downwards and warm air, being less dense
arm air is cooled by a.c and re-circulated, praducing convection

i
g‘fatemﬂﬁé bottom

c) The heating coil of an electric kettle is placed at the bottom of the kettl

: i
is heatgd and becomes less dense, rises upwards. The cool water a %top S'Kﬁ@:,\downwards.
producing convection current. /\IL' CA

APPL SN
ICATIONS OF RADIATION *

x% M\\ V2
; /7 x \\S\ 7
a) Shiny teapots: 77 2

)\

The shiny teapots can kee _ A ©)
; P tea warm for longer tim thai\ b i ces are
bad emitters of heat radiations. ; ?/( 2 bla(ilite\gpo\ts B HIE Shinjstia

N o)

b) Green House [ @ ~

\,

The radiations from sy N\ 2

> T N pass through thé, glass walls> house. The
radialions are absorpeg by the soil and plants.gThe r._é'diati/and | bt drean
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¢) Vacuum Flask:
A Vacuum flask reduces the heat losses

by four ways. plastic cap
« Conduction hollow plastic
« Convection stopper
« Radiation

. Evaporation

—— trapped ar

vacuum

double walled ——{»|[8
glass bottle '

| thin sivered
walls of glass

hot liquid

cork to hold
flask in place

The heat lost by conduct’ion is minimized by vacuum, trapped air and plastic stopper.
The heat lost by conye_ctuon is minimized by vacuum and plastic stopper.
The heat lost by radiation is minimized by polishing the walls of glass silvered.

r
r

»
The heat lost by evaporation is minimized by plastic stopper and plastic cup.

Heat transfer in or from a room or building

The heat can be transferred into building or room:

» By conduction through the walls and roof. The atoms or molecules of walls and roof gain heat
energy and pass on to neighboring atoms and so on, till the heat is conducted inside.

» The heat radiations can pass into building through the glass windows.
» The hot roof and walls emit infra-red radiations into room, which keep the room warm.

The heat can be transferred from a building:
» The heat from the building is conducted outside by walls and roof, due to vibration of atoms or

molecules, which lose energy to surroundings.
> The heat energy from roof is lost by convection i.e. air comes in contact with roof, becomes hot

and rises upwards.
» The roof being hotter than the surroundings emit infra-red radiations and loses energy \

i N\
Thermal insulation of a building: @ X\ 3\\\“
The heat energy lost from a building can be prevented by following methods. \‘ /‘:\
Fitting carpets on the floor. , Q}"
Insulating the roof. 9 R
Using cavity walls. N Z

Using wooden floors.

Painting walls and roof white.
Using double glazed windows.

N A WN

Using fiber glass and polystyrene in walls and roof.

@R\

N

M /A
7 \).
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Thermal Properties of Matter

Internal Energy

D#ference between boiling and evaporation
Specific latent heat of fusion

Spectic latent heat of vaporation

Thermal
a Molecutar explanation of latent heat
Gn DTNC s . p N
I ro pe rt ' es Of Cf:jfje:f‘ representation of heating

* Graphical representaton of Cooling

Process
M a tt e r * Applications of Thermal Expansion

* Effect of temperature changes on volume

- . . L] - .

O Level
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OPERTIES OF MATTER

Unit- 1?7

INTERNAL ENERGY:

It is the sum of the Kinetic energy and pot
depends on the temperature i.e. higher is t
substance and higher is its internal energy.

s of a substance. The interng) ener

| energy of molecule
entia ay the k.e and P.e of moleculeg of 3

he temperature the more is

Heat Capaci
Itis the t:)eat gmrgy required to raise the tem erature of any mass of a substance through 1K.
Q= CAQ
ie.

Where Q = Heat energy supplied (J)
A8 = increase in temperature (K or °C)
C = Heat Capacity
The Heat capacity is measured in JK ' orJgoc

Specific Heat Capacity:

It is the heat energy required to raise the temperature of 1Kg of a substance through 1K.

i.e. Q =mcA8

where Q = Heat energy supplied (J)
m = mass of substance (Kg)
A6 = increase in temperature (K or °C)
¢ = specific heat Capacity.
The Unit of specific heat capacity is JKg™ K" or JKg'1°C'1.
Define:
e Melting and Solidification
e Boiling and Condensation

a) Melting and Solidification:
« Melting is the change of state from solid to I|qU|d The change occurs at a fixed or

constant temperature. This particular temperature is called as melting point.

« The reverse process of changing a liquid to a solid is called solidification. A pure
substance solidifies at a temperature equal to its melting point. During solidification
temperature remains constant and heat is released by the substance.

b) Boiling and Condensation:

« Boiling is the change of state from a liquid into a vapour. The chan s at a fixed or
constant temperature. This particular temperature is called as boih

« Condensation is the process whereby vapour changes into liquid e(%ﬁ)fconstanl
temperature. Heat is given out during condensation. 0, ﬂ

I

DIFFERENCE BETWEEN BOILING AND EVAPORATION @ A/D/

\k <88
1. Occurs at a fixed temperature 1. Occurs at\any temperattijre e
2. Quick process 2. Slow process -
3. Takes place within the liquid 3. Takes place only on the surface of the liquid |
4. Bubbles are formed in the liquid { No/bubblés\are formed in the liquid
5. Temperature remains constant during boiling  |\5: Tempefature may change
6. Heat is supplied by an energy source 6.” Heat |s absorbed from the surrounML/
Define

—l
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Latent Heat,
gpecific latent heat of fusion.

specific latent heat of vaporization.

L
Latent Heat: The amount of heatl energy required to change the substance from one state to the
whet, al a constant temperature is called latent heat

[ ' ) :

£CIFIC LATENT HEAT OF FUSION:

amount of heat energy required to change 1Kg solid into liquid and vice versa, without change In

SP

The
mperature e

" le. [ Q=ml |

where

Q = Quantity of heat energy (J)

M = mass of substance (Kg)

I, = latent heat of fusion.

The SI Unit of specific latent heat of fusion is JKg".

SPECIFIC LATENT HEAT OF VAPORATION: ,
The amount of heat energy required to change 1Kg liquid into vapours and vice versa, without change In
temperature S
‘ lo. [@=ml, ]
Where Q = Quantity of heat energy (J)

m = mass of substance (Kg)

I, = latent heat of vapornization.
The SI Unit of specific latent heat of vaporization is JKg™.

MOLECULAR EXPLANATION OF LATENT HEAT:

Since there is strong force of attraction between solid as well as liquid molecules, energy is required to
overcome the strong inter-molecular forces of attraction in the solids and in liquids. The amount of energy

required for this purpose s called latent heat. The latent heat changes the substance from one state to

the other, at constant temperature

GRAPHICAL REPRESENTATION OF HEATING PROCESS:

When fce at <10°C is heated, it first converts into water and then into steam. The temperature changqs
occurting with time are recorded. A graph between temperature and time is then plotted. This graph is

called heating curve

y  From 0 1o 0°C, Temperature / °C
temperature of 1ce Increases, ) Y boiling & N
» The temperature  of o ce b 2N
remaing constant at 0°C. The (w“lt!rmldéiemn)\?‘
A N
lco 15 converting into - water, 80 : N
The heat used  during  this N
stato converts into latent heat 60 N
of lnr.m/n ‘ 40
r Lrom X 1o Y, the temperature il
ate 4
of water in-creases from 0°C 10 20 .
100 0 Time/min
0 T \ X
e

From Y 1o Z, the temperaturo of water remains constant. The water is converting into vapours. The
hoat energy used durng this state converts into latent heat of vaporization.

GRAPHICAL REPRESENTATION OF COOLING PROCESS:

”
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When fiquid Naphthalene at 90°C is cooleg. " ' k.
extracts heat out and solidifies. The it A
temperature changes OCCUMING with ime are N e
recorded and then a graph between temp- 0  scldBcaton
erature and time is plotted, called as cooling 80 ¢ — -
ve X

&0 4

50 ¥ + ' $ ——,

0 5 10 15 20 - Rl

a0°C to 79°C. The heat extracted out ig
ULIS the

From A to B, the temperature of hquid falls from
capacity of liquid. &

» From B to C, the temperature of Naphthalene remains constant at 79°C. The liquid is solic

s
yng

heat lost during this state is the latent heat of fusion. 3 g
» From C to D, the temperature of solid Naphthalene falls further and heat given oy i ,
capacity of solid. the hey
Thermal Expansion:
The increase in the volume of a substance on heating is called thermal expansion. When a gy
heated, its molecules gain heat energy and move apart from each other. The average gap Sbe:feg
E|h§-§-‘

molecules increases and substance expands.

Order of Expansion:

The amount of expansion depends on the in
imtermolecular forces, the least the expansion an

following is the order of expansion.

termolecular forces of a substance. The stronger «
d vice versa. For the same quantity of heat suppﬁgeﬁ;ar ;
» O

Expansion of gases > expansion of liquids > expansion of solids.

The relative order of expansion of solids, liquids and gases is 1:10:100.

APPLICATIONS OF THERMAL EXPANSION

A bimetallic strip is made up of two different metals. On heating, strip bends due to different raiz
of expansion, of given metals. On cooling, strip becomes straight again. A bimetallic strip is ussd

in thermostats to maintain the temperature steady.

brass

brass <o
expands mo @
room @ @

temperature “\‘\\\\\\\\\\\\\\\\\“\“
3 hot

iron Q//

S
The strip behds own/w%}ds when

A bimetallic strip is straight at roomn
O/~ heated.

temperature.
. . N
« Railway tracks can be bent and damaged on a very hot, day if therg-is no allowance for ¢
A\ ' // 4 ;‘ ;\\

expansion of the rails. 2K (
« The overhead power lines expand and sag in summér and contract and tighten in winter.

A\
—r’

\ / / 5 Fan . .
. Concrete blocks of pavements and road surfaces are laid with soft material, which can b
squashed when blocks expand in summer. - TRy N
— J F:\ Q N\ \\»_y
N Y 2
o
LR
‘\-,’/
,_M:M
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concrete
pavement

« The process of fixing a meta) t
expansion. On heating, tyr
qgrve a f")hf fit on the '.‘mf:.f:"

/T2 on the wheel of a rail : L
e expands and ailway train is another application of thermal

Passes over the wheel. On cooling, tyre contracts to

tyre wher|

the tyre is 100 small when cold the tyre is too big when hot the tyre is tight fit when cold again
EFFECT OF TEMPERATURE CHANGES ON VOLUME:
Whnen a substance is heated, then its volume increases with increase in temperature

7 In solds the increase in volume ig extremely small with change in temperature so the effect on
the density of solid is neqligible.

7 In hquids, the increase in volume i large enou
appreciable effects on density of liquids i.e. a
denaity of iquid decreases,

» Since the increase in volume of gas
with rise of lemperature e.q. formati

gh, with increase in temperature so there will be
s temperature increases, volume increases and

es is much greater so the density of gases is greatly affected
on of sea and land breezes is the result of this effect.

N
S

N
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Reflection and Refraction of Light
Reflection of Ligrt

Hefraction of | gt

= .
o Critical angls an AM Irtare ol Daflary
ReerCt'on And ® "‘;Ji’(if,,,:'?:n,{:"’]'r::: I."f“"f:; :':’»',"r: -
-
Refraction Of
ight
Ligh

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Pas
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Unit-12 REFLECTION AND REFRACTION OF LIGHT

REFLECTION OF LIGHT

: ium. This effect i .
Nhen a hight falls on shiny surface, it bounces back in the same medium S eflect is called reflection of
light.

M M*
71 /7] R NEIN

T m————
03]

A
Where MM = mirror
Point O = Point of Incidence
ON = nomal

OB = reflected ray.
= angle of incidence
r = angle of reflection

Define:
« Normal
* Angle of Incidence
* Angle of reflection

 Nommal:
The perpendicular drawn at the point of incidence.

* Angle of incidence:
The angle made between incident ray and the normal.

e Angle of Reflection:
The angle made between reflected ray and the normal, N
N

Laws of Reflection:
a) The angle of incidence is e i
an qual to angle of reflection. \
b) The incident ray, the reflected ray and the normal all lie in the same pi (Q @
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ment: To verify that angle of incidence is equal to angle of reflection

69 )
Physas Ol pvet

ruled hine 1o show
Mirror position

(

mirror

J

mark position of
incident ray reflected ray

from source

draw reflected ray by B
ruling a line through
the 2 marked points

support a plane mirror vertically on a sheet of white paper and draw a line ON normal to the mirror
from a point O near the middle of the mirror.

Place a ray-box such that a single thin ray follows a drawn line such as AO.
Mark the reflected ray OB with two crosses. A straight line is dawn through these two crosses to O.
The angle of incidence, i) and the angle of reflection, r are both measured using a protractor.

The experiment is repeated several times for a wide range of values for i and the readings are
recorded in a table shown below.

i/degree | r/degree

Experiment:  To locate position of image in plane mirror.

Apparatus:
Mirror strip, Drawing board, Paper, Paper pins,
Pencil, Protractor, ruler.

Procedure:

Fix the paper on drawing board. Insert a paper pin P on paper, before the mlrror strip.
Oraw two incident rays from Pin, on mirror. &

Draw the reflected rays from mirror obeying laws of reflection  i.ezi=r.
Extend the reflected rays backwards. The point of intersection oI exlended lines gives the position
of image of Pin P.

N

Characteristics of Image: The image produced in plane mirror has folIownng characteristics:

»
I'd

N

\ &4

Image size is equal to object size.

Image distance is equal to object distance. AT
Image is upright. oY
Image is virtual. (('
Image is laterally inverted.
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REFRACTION OF LIGHT

When a ray enters from one medium to the
other, then its speed as well 3s direction
changes, This effect is called refraction of ight.

Where

Define :
« Angle of incidence
*« Angle of refraction
* Refractive index

e« Angle of Incidence:

The angle between the normal and incident ray.

« Angle of Refraction:

70

<

o

Physics 0. -

B

= incident ray.

Point O = Point of Incidence.

r

NN = Normal
OB = reflected ray.

The angle between the normal and refracted ray.

« Refractive Index:

angle of refraction.

= angle of incidence.

——

|

The ratio of sine of angle of incidence to sine of angle of refraction is called refractive index.

) Sin i

ie = —

o Sinr

L.aws of Refraction:

a) The ratio of sine of angle of incidence 1o sine of angle of refraction, for two specific mediums is

always constant (SNELL's LAW). i.e.

Sin

—— = Constant

Sinr

@

b) The incident ray, the refracted ray and the normal, all lie in the same pl?} ©%

Effect of medium on refraction:

»  When a ray enters from denser to rare (less dense)

speed of ray increases.

medium, jt tynd{ a>way @}h normal and

(q\ ///// (@)

AII’ (/;/ (}:7"‘.\\0
)
@
Glass ’~J N A
\ ﬁ/
3 &9

\)
N
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hen @ ray enters from rare to denser medi s Oews
ses Um. 1t bends towargs n
decred omal and speeq of ry
: y
'
|
|
Glass i
Air '
|
|
]
'
Expe"iment: To find refractive index n= Sin i/ Sin r of 5 glass block.
- Glass block, drawing board, pa ;
App3 ratus Paper, pencil, ruler, Paper pins, Protractor.
cedure:
b Incident ray
Air
Glass
Refracted Ray
Emergent Ray
P3 P4
« Place the glass block on paper and mark its boundary.
+ Insert 2 pins P1 and P2 on one side of glass block, making incident ray
¢ Insert 2 more pins P3 and P4 on th i i IS ;
i p e other side of glass block, in the straight line of image of P1
« Remove the pins. and complete the Fig. by drawing incident, refracted and emergent rays
+ Measure angles i and r with protractor and use formula n = Sin i/ Sinr, '
CRITICAL ANGLE AND TOTAL INTERNAL REFLECTION: SO

?
|

T N
0

i

‘ ‘:;’]helzn a ray enters from denser (glass) to rare (air},medjufﬁ. it bends away from the normal. The
a 9|e of _refractlon in rare medium depends on the angle of incidence in denser medium. As the
ngle of incidence is increased, the angle of refraction keeps on increasing as shown in Figs.

B
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« When angle of refraction in rare medium becomes 20°, then angle of incidence in densey Mmeg
is called critical angle.
Le. i=¢ f r=90"

The formula for critical angle is

Sinc
where n = refractive index
c = Critical angle.
For glass, value of critical angle c is 42°.

« When angle of incidence is increased beyond the critical angle, the ray bounces back in the Same
medium. This effect is called as total internal reflection.

air

e« The conditions of total internal reflection are:

1. Aray enters from denser to rare medium.
2. The angle of incidence is greater than critical angel i.e. < > c.

Experiment: To demonstrate the total internal refraction.

Apparatus: Ray box, semi circular glass block, paper drawing board, pencil, Protractor.
Procedure:

air i
glass 7 reflected
ray

- %\\"
@

L/ v
Keep these micircular glass block on paper, fixed on drawing boa&j ;\
Fall the light ray from ray box, on the circular side of glass block ; \5\

Keep on increasing the angle of incidence of ray, such that the" ray bounces back into glass.

The reflection of light ray from straight side of glass bloc Ksho\m&s the total internal reflection.
<J \\\?
o ®
JJ% 2
A/(‘\ “
N/

VoV VoY

i
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\pPLICATION OF TOTAL INTERNAL REFLECTION:

. Pg:':;:epeCO"SiStS of two right angled

A pe”'mcfmed in a tube. When the rays from R o
" enter into prism, then they undergo ———=— nght-angled prism
e;d'mterr'ta| reflection, since angle of ‘\

Fctc?dence (i = 45°) is greater than critical

. le(C=42°)ofglass. . .

ang to total intemal reflections from both the

D:sems, the rays emerge out from lower end
{ periscope to an observer, which observes

fhe image of object. The image

d\aracten'stics produced by Prism Periscope

are.

: 1 > t
. Image is upright e >
. Image is virtual 3 observer

—

A\

2) Optical Fibers:

The optical fiber is made up of glass or plastic of

high refractive index. Light entering at one end,

undergoes total internal reflections, since angle

of incidence remains greater than critical angle. ~
Even though the optical fiber may be bent, the

light will still be internally reflected. Optical fibers

are used for telecommunication purposes due to

following advantages.

« Optical fibers carry much more information than copper wires.
+ Optical fibers transfer information, at the quick rate.
+ Optical fibers are cheaper than Copper wires.
+ Optical fibers are very lighter, easy to handle.
+ Optical fibers transfer information without any interference.
P
@,’(ﬁﬂ\i’(«s\%
2
k
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Lenses and Dispersion of Light

Dispersion Of :

Light

O Level

Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Convex and Concave lenses

Convex lens

Concave lens

Image Characteristics with respect to object
distance

Linear Magnification

Dispersion of Light

Reason for dispersion of light

Ultra Violet (UV) and Infra Red (IR)
radiations
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Unit-13 LENSES AND DISPERSION OF LIGHT

A lens is transparent curved surface, made up of glass of plastic.

CONVEX AND CONCAVE LENSES:

cave lens
Convex lens Con

W\
\

Y

YWY Y

Mo

rF 3

para”e| = parallel

rays rays

¥

-

/i

v v/
/

CONVEX LENS:

« Itis thin at the edges and thick at the centre i.e. curved outside. _
« It converges (focuses) the light rays at a point, so also called as converging lens.

CONCAVE LENS:

« ltis thin at the centre and thick at the edges i.e. curved inside.
« It diverges (spreads) the light rays, so also called as diverging lens.

Basic Terms of Convex Lens:

Optical Centre
Principal Axis
Principal Focus
Focal Length

e Optical Centre:

Itis the midpoint between the surfaces of a convex lens, through which rays pass straight.
e Principal axis:

A horizontal line passing through optical centre of convex lens

e Principal Focus: @X/s
Q

The point at which parallel rays falling on a convex lens focus. &

Focal length: >
The distance between Principal focus and optical centre

Image Formation in a convex lens: N

When drawing ray dia
grams, we can choose any tw o (
enable us to find the position of the Image formedyby tgéoé\ngPIIOWlng th\ee St ImpoHEnTEySIC

_©
\L&\ v /a) T =
(Q:a
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An incident ray through the optical centre C passes without bending

Anincident ray passing through F is refracted parallel to the principal axis.

IMAGE CHARACTERISTICS WITH RESPECT TO OBJECT DISTANCE:

Physics O-L evel

Object
distance Ray diagram Type of image Uses
(u)

U= pa'a':e' inverted real object lens of
;agisst;onT diminished telescope
object

e
[NV/— image
u>2f 4 ] inverted real /| camera, eye
i diminisheq&’ N
object > F 2 @’ ¢ P
2F F \ y image /‘1')/ "53_)
= NI 2H
B igi\'/e;ted real photocopier
[ > ‘Z < K 's.a\m‘é size making equal
objedt F 2F N sized copy
¢ u \ v B\ . ,
f<u<af T, | inverted real projector,
. (> AT magnified photlograph
/N arger
object? F 2F 70 enlarg
* ° N Ea
2F F / *|image
N
«— v

L

A__.__'_':.“‘-
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u= image at __ upright
infinity ~—_ magnified virtual pa::n ™
~ el - {3 ’
ligh 'boay
objedI gspl(')as n ad
& l V
F \ E\ hg”
parallel
rays - —
o<t ~ upright .
N magnified virtual —M\
N~
NN
image N \\ -
objegt“ [ F
F \
u
« v > /A

LINEAR MAGNIFICATION:

It is the ratio of image height to the object height.
_ Image height

i.e. = :
g Object height
Image distance

or m== Object distance
Linear magnification has no units.

Uses of Convex lens in a:
1. Magnifying glass

2. Camera
3. Projector
4. Photographic enlarger.

1. Magnifying glass:

image Obje\g\t\\ \ @O
e~ © 4
AV

: A :
0 ma@ject k bigger. For ths

'I&fgm. e. ét{jge' distance <f.
ANEIFVN

A magnifying glass is a thin converging lens. It can be used t
purpose, object is placed from lens at a distance less than focal

The image produced is: /P
_ (;/Z/ /3N
» Virual R A

e Upright R4

e Magnified @> Q\’J

e Onthe same side as object.
IN® %)
= (’,)‘
i\_, o\, ’/
\

,“ﬂl&a
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obyect

The camera uses convex lens to produce a real, inv
is done by varying the distance of the lens from fi
larger that f.

erted and diminished image on film. Focusing
Im. Object distance varies from infinity to slightly

3) Projector:

object E oF

2F E \ - l ,
image

The image produced in a projector is real, inverted and magnified. Focusing of image is done by
moving the convex lens so that object falls between f and 2f. Since the image is inverted both
vertically and latterly, hence the slide is placed upside down and flipped 180°, so that the image
will be projected right way.

4) Photographic enlarger:

The working principle of a photograph enlarger is basically the same as that of projector. The film
in a photograph enlarger is placed between f and 2f of the focusing lens. The image produced is

e Real
¢ Inverted
e Magnified
The ray diagram is same, as shown in the working of projector. g,‘ \
P O\
Image formation in Eye: i&‘uﬂa\}\\
Like a camera, the eye uses a convex lens system to produce real, inverted and d_ifﬁlfis(\ed image of an
object. The ‘screen’ in this case is called retina. \\\(/ oD

[NV
O
Reting™> o

< I/

Light beam

A 4
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Short-sighted Eye: : :
A short-sighted person can see near objects clearly but not far objects. In short-sightedness, thg foca
length of lens is too small, such that the rays focus before reaching the screen. So image produceq is noy

clear. This effect can be removed by using a concave lens in front of eye.

rays from > rays from—
far object > ( far object —» ° —
Fig: Short —sightedness Fig: Removal of short sightedness

Long-sighted Eye: .
A long-sighted person cannot see close objects clearly. In Iong-SIngtedness, the fopsfl length of lens is too
large, such that rays tend to focus, after the screen. Again image is not clear but it is blurred. This effc

can be removed by using convex lens in front of eye.

rays from
far object

rays from
far object

DISPERSION OF LIGHT

Dispersion of light is the splitting up of a light beam into its component colours.

white light screen

The colours produced are: °
V - Violet @
| — Indigo @
B — Blue
G - Green @
Y - Yellow @
O - Orange @
R - Red 6?7

The main features of dispersion of light through a prism are: (77

- 1/() ~ (\g\
e The colour range produced is called spectrum. /p'\§> o
« Thered light is deviated least and violet light is deviat\ed’?'r'iost.t/@\,

e The deviation for each colour is always 1owardf\¥asg of lhe’fe‘;}isrﬁ.

» Each colour travels with speed of light. - o
» The wavelength increases from violet towards red cololir(.';}
ie.  shortest wavelength = violet colour ‘)
Longest wavelength = red colour
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it .
ncreases fr .

equency ! om red towards violet colour.

The IT! -
. least frequency = red colour
Maximum freguency = violet colour

N FOR DISPERSION OF LIGHT:

REAS™TL L\ consists of seven radiations each having di
ite light o1 . aving different wave-length. The £l
fism is different for different wavelengths. Due to difference in sgpeed eaifﬁfe.égz:;hggﬁg:

s P i
135 ing through a glass prism and spectrum of colours is produced

ne 9
L,ffereﬂUY pass

LTRAVIOLET (UV) AND INFRA RED (IR) RADIATIONS:

uv: ; S as L
e violet end of spectrum is the invisible UV-radiations. These radiations can be detected by

Be)’ond ckening of photographic film.
[ ]

Bla
e e.g. currency notes usually have certain marks, which glow under UV-lamps.

Fluorescenc

:;g:yond the red colour of visible spectrum is the invisible IR radiation. These radiations can be detected

%ermopile ie. galvanometer deflects by sensing the IR-radiations.

| t
IR _—> galvanometler

—_
/

R radiations cause heating effect.

By placing thermometer, since |

)
L
t”t\' ) \‘\
Q (/L;' p »f§§/\
OEON
.\‘;/’; e N
,\\\ ey
Q7 &
N Y
"
2
= ///7 « \:;"
=)
N
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Waves

e  Transverse wave

* Longtudinal wave

¢ Basic Terms of waves
waves !

e  Observations and Conclusions

» Electromagnetic waves

e Common Charactenslic of electromagnetic

waves

e Ongin and Deteclion of Electromagnetic
Waves

O Level e Specfic properties of Electromagnetic
Physics Teacher’s Notes e

* Uses of Electromagnetic Waves

—

e

M. A. Chaudhary
Cell: 0300-9412902
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WAVES

’ : : ansfer of matter,
Waves are mechanism by which tran

sfer of energy OCCUrS, without tr

TRANSVERSE WAVE:
A A

wave :>

Motion of particles

If particles of medium vibrate up and down or perpendlcular to wave'dlrectlon then such a wave jg calleg
transverse. e.q. water waves, waves on rope or string, electromagnetic waves.

LONGITUDINAL WAVE:

Wave [ <+ > ¢+ > ¢ 4> 49—,
Motion of particles

If particles of medium vibrate horizontally or parallel to wave direction then such a wave is called
longitudinal e.g. sound waves, waves on a slinky spring.

BASIC TERMS OF WAVES:

Crest and trough
Amplitude
Wavelength
Time period
Frequency
Phase

Wave front
Wave speed

PNONAWNS

Displacement

crest /‘ @ @@

(C )
b A\ I
(\-l‘{;‘ o RN v
. n Il Mean level
L“'W Trough 2, 7/ / Distance
/(: NV o
2N
N N/
N\ © \O)
'\‘L \3 ‘//;;:v J
“\?J (N //
Nt
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cresl

pisplacement

/ » Mean level

;‘_ ---------------
- » Time
Trough

1) Crest and Trough:
The part of a wave above the mean level is Crest and below the mean level is trough.

2) Amplitude(a):
The max. displacement above or below the mean level.

3) Wavelength (A):
The distance between two consecutive crests or troughs.

4) Time Period (T):
Time required to complete one cycle of a wave.

5) Frequency (f):

Frequency is number of cycles per second. It is equal to reciprocal of time period. i.o.
1

b §
S.lunitof frequency is Hertz (Hz).

6) Phase:
The points on a wave are in phase if they are at the same displacement and moving in the same
direction.

7) Wave front:
A wave front is an imaginary line on a wave that joins all points which are in the same phase.

8) Wave Speed (V):
Distance moved by a wave per unit time is called wave speed.

The wave speed (V), frequency (f) and wavelength (A) are related by wave equation,
V= A D

1 (>
Where V = wave speed measured inms . N
[ = frequency measured in Hz.

A = wavelength measured inm,
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RIPPLE TANK:

—

A
dipper llll‘&ll

source of light

npple tank
with water

d 7~

white screen

The main parts of ripple tank are:
e Glass tank Containing water.
« Vibrator which is used to produce water waves.
e Lamp which is used to illuminate water waves.

e Screen which is used to obtain image of water waves.

OBSERVATIONS AND CONCLUSIONS:

a) To study that water waves are transverse:

Keep the piece of paper on the surface of water in tank. Produce water waves with vibrator. The

piece of paper vibrates up and down on its fixed position, showing that water waves are
transverse.

b) To study reflection of water waves:
straight barrier
(reflector)

incident
waler waves

___________ "\ l/
PIIRS
___________ ~& @)
lle AL,
_____ RIS A 7
TTI T reflected
/y waves
——————— by — — -
Ve
‘\\\/"'

) . D RN\
Place a straight barrier upright in water. Produce water waves with vibrator. The water waves are
. . . N W&
reflected from barrier cbeying laws of reﬂchor‘.'i.e.i ol 7 it
N M <

Nt
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¢) To study refraction of water waves:

incident waves

glass block
A
- /
direction of refracted waves
incdent
waves

direction of
refracted

waves

First make water deep and shallow b
deep — shallow water then:
» Frequency (f) remains same. i.e. f, =f,.
» Wavelength (M) decreases i.e. A<,
» Speed (V) decreases i.e. V,<V,.
The refractive index is calculated by the formula:
Az V2

y keeping glass block inside tank. When waves enter from

Where A, = wavelength in deep water.
A; = wavelength in shallow water.
V; = speed in deep water.
V, = speed in shallow water.

ELECTROMAGNETIC WAVES:

The main components of electromagnelic spectrum are:
Y- Gamma rays

X -rays

UV - Ultraviolet rays

Light rays 2@ &
IR ~Infra red rays. %:\ &
Micro — micro waves,

Radio - radio waves.

BB AN -

The arrangement of electromagnelic waves is shown below:

Y X uv Light IR Micro Radio]

Anax I8 for radio waves and A, is for y rays. i.e. wavelength Nincreases from y— radio waves.
7/

. ; ‘ g —» radio waves.
lax is for Y rays and {,,, is for radio waves. i.e. frequency f decreases from y— radio w«

Scanned by CamScanner



Pty
88 yixs 0‘(‘;"

Unit - 14
S:
COMMON CHARACTERISTIC OF ELECTROMAGNETIC WAVE

» They are all transverse.
They can pass through vacuum.

» —_
» They travel at the speed of lighti.e. 3x10°ms .
» They do not carry any charge. _
» They are not effected by electric and magnetic fields.
» They transfer energy from cne place to gnolher.
> They obey laws of reflection and refraction.
ORIGIN AND DETECTION OF ELECTROMAGNETIC WAVES:
Waves Origin etectors |
i i i hic film
« Radioactive nuclei.  Photograp |
v » Cosmic rays . Geiger — Muller (GM) tube. .j
« Photographic film |
A X-ray tubes « Fluorescent screen. |
e Sun |« Photographic film . “'
e « Mercury vapour lamps. « Fluorescent chemicals. |
: ¢ Sun » Photographic film ]
Light e Lamps & lasers e Photocells
. —
e Sun » Photographic film |
i « Hot objects « LDR _J
« Microwave ovens o Aerials ‘
Micro « TV and radio transmitters » Microwave receivers
Radi « Radio and TV transmitters « Aerials connected to tuned electric circuits in |
7 radio and T.V sets.

SPECIFIC PROPERTIES OF ELECTROMAGNETIC WAVES:

Waves Specific Properties

1)  Very penetrating.
Y 2) Very dangerous.
3) lonize gases.
1) Very penetrating. ]
X 2) lonize gases. A\
3) Cause fluorescence. /;J\\
1) Cause many chemical reactions. M UTL,,
uv 2) Absorbed by glass. 5\ @A v
3) lonize gases. (O , ,\&'J"
Light 1)  Can cause chemical reactions. S
2) Refracted by glass. ) L et N,
R 1) Cause heating effect T S N
= 2) Less scatlered so used for photography throut}\ hazé\% fog.
| 1) Spread around hills and buildings by dif raction.
Microwaves 2) Cause high vibration of atoms so usedfor heating purposes in microwave
ovens. o e ey
Radiopviss 1) Have very high wavelengths |~ _ - o R
2)  Due to high wavelengths used'for radioand TV signals.

\\
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gES OF ELECTROMAGNET|C WAVES:
U

89

Uses
1.y —rays can be used to kill cancer ¢ i
ells and to de
tumors. stroy brain
Y 2. y-rays are used to sterilize Surgical equipments
| 3. y-raysare used to find flaws in metal,
— 1. X~rays are yseq to detect fra i )
X < —TaYS are used to stugy
P
uv
Light
[ E—
2. IRis used in burglar alarm systems.
IR 3. IR s used in mobile phones,
1. Micro waves are used in microwave ovens for heating and
G cooking purpose.
Micr 2. Micro waves are used in satellite — televisions,
3. Microwaves are used for radar detection of ships, aircrafts ang
~___missiles,
= Radio waves are used in radio broadcasting, wireless telegraphy,
Radio telephone transmission, TV, radar and navigalion systems.
3 e
P
A7
SN
@@ D
{7/ "\7 ¥
' [ -
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Sound

-—

sound .

—

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Physics Ol eves

Basic Concepts
Experiment to determine speed of sound in
ar

Loudness, pitch and Quality (timbre) of
sound

Ultrasound
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Unit15 SOUND. . o

BASIC CONCEPTS:

» Sound is a form of energy,
» Sound is produced due to vibration. , A
> Sound waves travel in the form of compressions and rarefactions e.g. the vibrating prongs of the

tuning fork compress and rarefy the air molecules and sound waves are sent out.

l'l ——» Direction of wave travel
C

4 C-= oompres_sion
R = Rarefaction
R C
C R &

> A compression in a sound wave is the region in which the molecules of medium are closer. A
rarefaction is a region in which the molecules of medium are further apart.

» Since compressions and rarefactions travel horizontally or parallel to direction of sound wave, so
sound waves are longitudinal.

which is transferred from one point to other in the form of waves.

Direction of wave motion ———

— — — — —>
C R C R C
> The wavelength of a sound wave or longitudinal wave is the distance betweer \{he‘\\cé?'aters of two
consecutive compressions of the wave. @
b A | @7
- @)
(4t a9,
C R C R VN e A

To demonstrate that medium is required for transmission of soU'_hB. :
Sound waves require a medium in order to travel from one point ta other. Sinée sound waves travel in the
form of compressions and rarefactions, if there is vacuum, then no compressions and rarefactions are
produced and sound energy is not transferred. . , ‘

“~7J T I\’,
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I~ Qapper
—— Gas jar
Vacuum pump

Sound cannot travel through vacuum
x gn electnic bell in a glass jar. When cument is passed. the ninging bell
< gradually pumped out with vacuum pump. The sound s!o'.-dyvbecome
pumped out, no sound is heard from the ringing bell.

Speed of sound in different mediums:

The nature of medium effect the speed of sound. The speed of sound de

n

's heard. The air in the glass jar
s softer. When air is compietely

| . : _ pends on the density of medium
Le. denser is the medium, higher is the speed of sound and vice versa. The i
e i _ - L - approxim
of sound in different mediums are: HESIESINES
Medium Approx. speed
Gases % 300 ms™ |
Liquids | 1500 ms™ B
. Solids | 5000 ms™

Factors effecting speed of sound in air:

Factors Effect on speed of sound in air

. Temperature | Speed of sound increases with rise of temperature.
Density Sound travels faster in denser medium.
Humidity Sound travels faster when humidity rises.

Aucible Frequency Range:

The range of frequencies which a listener can hear is the audible frequency range. A normal person can
"2ar the sound having frequency between 20Hz — 20000HZ (20KHz). A sound with a3 _frequ\ency less
“21 20Hz is called infrasound and above 20000 Hz is called ultrasound. Both ultrasound ds well as

nirasound are non-audible. _.’;5."7 £
EXPERIMENT TO DETERMINE SPEED OF SOUND IN AIR
paratus: Measuring tape, gun and stopwatch. |
Observer J’Q-:’D—Gun smoke
CL. Gun
Stop-watch
- Gun
| d —’—""""“"l

e ———
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Procedure:

=

Fhysics 63 Lty

¢ Markctwo positions A and 15, ot o distance d apart (1om anch other.

¢ ALpoint A, person fites the g

AL point 1V, person notas the tme betwesn GLSGr/ng the gun flash snd lstening the

s0und

Obrorvations & Calculations:

Distanco botweon positions A and 15 =
Fime interval batwonn flash and sound = 1

' & Yie
spoeed of soundg = U

LTS
O ve'e330me .
Precautions: '
» Ropoat the exporiment and take average valiie
for more nceuracy,
» I order to avoid orror due 1o wind direction
oxchango positions of persons A and 1 and
ropoat tho oxporiment,

Roflection of Sound ~ Echo!

When sound in incidont on o big surfaceo aron, the parl
of sound onorqgy is refloctod. The reflectod sound wiavet
heard after o silenca, is callod an ocho,

Holloctod sountd

P A et o s g s e

Cllf A It 13

Gl A

Incident sonred
it 2. < ,

B —

feflactad sound

CII e

Suppose a person claps near oitt A, The sound s roflocted back from ot B nd an echo is produced,

The distance botwean cliffs i d,

For an echo, total distanco travelled by sound = dvyd = 24

distunew

A Speod ol sound

Hirie

1]
|

Or Vu'’
Applications of Echo:

There are many usos ol achoot, Tho applications of achoos include the measaring of large distan or
() 8] ces

the detection of the location ol objects that aro not easily sighted

(C

CAND

7/ l"'\.g\\)
vy, (\(‘.‘l)\)
(&7 @\
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’ . by sending outa signal
cor € ﬂ%!f-“scund) and noting the
3 pUse ~val before the reflected R
;n-e m‘echo‘ amves, the dED‘h of
gf'_ale(: or even the pobsrtrfcn gf ot
me S i ) can be found.
e <sh (Figure
ods Gf*ﬁt;ry( urposes,  echo- sound generator  \_/
~ pid®
For .r" is used to detQCt the \r?/
:—:-»M;1 of mines and submarines. depth e
.:cs.'\-“ - *
of sea \\_//
by
N
1 —
among animals, bats are known to use echoes to detect the

-mit 3 high frequency sound or ultrasound that is reflected off

Physics O-Level

— retuming echo

\ pulse of sound

pulse progress ;

J

<
a shoal of fish

presence of obstacles during flight. They
objects in their path. The echo is heard by

= bats which can then pinpoint the position of obstacles and thus avoid them.

LOUDNESS, PITCH AND QUALITY (TIMBRE) OF SOUND.

Loudness :

If the energy carried by a sound wave is larger, then sound is louder and vice versa. Loudness
depends on amplitude, the larger is the amplitude, the louder is the sound and vice versa.

Pitch:

Pitch determines the sharpness of sound. It depends on frequency of sound wave. Higher is the
frequency, more sharp is the sound and higher is the pitch and vice versa.

Quality (timbre):

The combined effect of different sound waves determines the timbre of sound. When sounds of
higher frequencies are added to the fundamental frequency of an instrument, then different

waveforms are produced as shown in figs.

o
N
R
ol &7V
P S
B AN
X A
2R

The timbre or quality of sound depends on:

Waveform of sound wave.
Fundamental frequency of sound. G
Higher frequencies, called as harmonics.

A4

..
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| l{LTRASOUND:

~— - Ultrasound is sound waves with frequency greater than 20000Hz. Ultrasound is inaudible {,
humans. Ultrasound is used for:

1. Pre-natal scanning:
Ultrasound can be used to obtain images of the internal parts of body. Ultrasound pulses are Sent

into body by means of a transmitter. The echoes reflected from any surfaces help in pre-nata)
examination to examine the development of the foetus.

2. Cleaning: A : iz
The transmission of high ultrasound may result in the creation of cavitation bubbles, dye 4

rarefactions. These cavitation bubbles may displace contaminant from irregular surfaces or

. e /
internal cavities.
/

3. Quality control: / .
Due to excessive use cracks appear in the interior of the moving parts of high speed heavy
machines such as turbifies, engines of ships and aero planes. These cracks are not visible from
outside. Such cracks can be detected by ultrasound. A powerful beam of ultrasound is made to
pass through these defective parts. The reflected pulses of ultrasound from defective parts can

give a clue of thg,e;jsténce of the cracks.

<
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UNIT Syllabus 2017 — 18

Static Electricity

e Basc Concepts
* Charging by Friction
2 * Blectrostatic Induction
static
Earthing
*  Charging an object by Earthing
— — * Blectric Field

EIeCtl ICIty * Applications of Static Energy

-

1 -
Electrostatic Precipitator

0 Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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With the negatively charged rod in place, the two spheres are separated.
4:
step

[lllllll]

[ ——] ——]
5: Now remove the negatively charged rod from spheres. The net char

on B is negative. Such charges are called induced charges and the D
negative charges is called electrostatic induction.

_'
EARTHING:

This is process by which electrons flow to or from the earth. For an exam
serve as an earth for lightening. The symbol for earth is:

1

CHARGING AN OBJECT BY EARTHING:

3 Tomake an object positively charged:

Step
and
and

ge on sphere A is positive
rocess to separate positive

ple, a lightening conductor can

.

vﬁ"‘
7|
N p//f
) ¢ (O)
/4 (%

Step 1: Keep the negatively charged rod near a neutral sphere. The positive and negative charges are
Induced on the sphere.

[|||||||}
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S : :
tep 2: Eanth the negative side of sphere. The electrons move out from sphere to earth, leaving POSitive
charges on sphere.

Flow of electrons.

Step 3: Disconnect the earth connection and remove the rod away from sphere. The net charge gp
sphere remains positive.
L X ]
+
LR J

b) To make an object negatively charged:
Keep a positively charged glass rod near a neutral sphere. The negative and positive charges are

induced on sphere. Earth the positive side of sphere. The electrons flow from earth on the sphere, to
neutralize positive charges. Disconnect the earth connection and remove the rod away from sphere.

The net charge on sphere remains negative.

— — Gags

ELECTRIC FIELD
“It is region in which an electric charge experiences a fore.”
The electric field lines are used to represent the direction of an electric field, which have following

characteristics.
Electric field lines start from positive charge and end on negative charge.

>
» Electric field lines do not intersect each other.
> The closer the field lines, the stronger is the electric field in that region and vice versa.
» The equally spaced lines represent uniform electric field.
» The lines between two like charges repel each other, and a neutral point is produced between
charges.
\ ( N \ N\,
SN \‘\\
1/,\&:"( .“
- (¢ \
‘// \»,\\\> y
NS E®)
~ ~ \@-)/
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APPLICATIONS OF STATIC ENERGY

. Lightening
. Photocopier

Electrostatic Precipitator
Electrostatic Spray Painting

ELECTROSTATIC PRECIPITATOR

chimney

Physics O-Lover

£

N
RS

N

dust and
smoke J
particles

nsinqg

chimney walls

—— negatively

charged
fine wires

positively
charged
metal plates

. \’
IO
\!\ 4 ..;\\
L AN
S R\
"
~

:t:he bottom of chimney, the temperature is higher. The dust and ash particles rise upwards along with
% gases. The dust and ash particles acquire negative charge, as these are passed through negatively

altr
poll

ch : . :
aggt?d wire gauze. The negatively charged particles
ufi 'on. The plates are then mechanically shaken to remove the as
oninto the atmosphere is minimized by using electrostatic precipitator.

are thus collected by positive plates due to

ash which is collected. In this way air

A
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Electrostatic Spray Painting

metal panel
|, charged
negatively

with positive
charge

nozzle

paint droplets are given a positive charge. The droplets spreaq

The metal panel is charged negatively and '
Ision between them. The negatively charged metal pane)

out as they leave the nozzle, because of repu '
attracts all the paint droplets towards it, producing a layer of paint.

The advantages of electrostatic spray painting are:

» This method produces uniform layer of paint.
» This method is effective, efficient and economical.

-

charge on
_ — thunder cloud—

Lightening

Thunderclouds contain charges. The charges are
produced due to friction between the water molecules
in the thunderclouds and the air molecules.

When the charge on thunderclouds is sufficiently
large, then it is discharged towards building or ground.

Todprqivenl ligh(tjening(;j. frcr)‘m damaging tall buildings lightening conductors are used. The lightening

conducters provide a discharge path for the huge charges to the earth and an i

building during thunderstorm is prevented. Jipossi Samegs bS8
N N
'_y‘,j_X‘.

5
—\
e

N T
\\\_l\k -

iy
I/A\\%\ A\
/ 1/\ N
b 2N
Kl m)
|

<
\ NG/ \—\‘.
)
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ayer of
. On the other hand, i ' [ ator in the dark

If a drum i1s exposed to an image of the document to be copied, the dark and light areas of the document
produce corresponding areas on the drum. The dark areas retain there positive charge, but light areas
become conducting, loose their positive charge and become neutral.

A special black powder called “Toner” is given a negative charge and spread over the drum, where it
sicks to the positive charge areas. The donor from the drum is transferred on to a sheet of paper on
which the document is to be Copied. Heated pressure

rollers then melt the toner into the paper to produce
the permanent impression of the document.
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Current Electricity and D.C

[+ I

Basy Defeitvw.-

. Circuh

ot
Fv}’. OFS O w# 0 18 alanr s Aneeevis
el L

.
. f/* mec ,’5",': '."‘I', ’1. 48 ”..‘6‘4(0_'1_, oy
curren o Electncal Symboks

“y
s EMFandPD
2 ] . EMF in senes and in Paraliel cafis
Electricity and : ~.n
- Apparatus anancemend

Use of Ammeter in 3 circut

- e * P
D.C. Circuit . Use of Vil o o
o ]

——

0 Level
Physics Teacher’s Notes

M. A. Chaudhary

Cell: 0300-3412902
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Unit-17 CURRENT ELECTRICIT

C. CIRCUIT

BASIC DEFINITIONS:

Current:
Rate of flow of charge.

Where Q = charge passing, measured in coulomb(C).
t = time, measured in Seconds (s).
| = Current, measured in Amperes (A).

S.1 Unit of current is Ampere (A)

Voltage:
Energy supplied per unit charge.

OR
Work done per unit charge.

w

r
v=- or -
Q Q

Where E = energy supplied measured in Joule (J).
W = Work done, measured in Joule (J).

Q = Charge, measured in Coulomb (C).

V = Voltage, measured in Volt (V).

S.1 Unit of voltage is Volt (V)

Resistance:

When the electrons are passing through a wire, they collide with the vibrating atoms of wire and their flow
is disturbed. This effect is called as resistance. The resistance increases with the increase of
temperature, because electrons collide more frequently with the vibraling atoms, at high temperature

FACTORS ON WHICH RESISTANCE DEPENDS:

1) Length of Wire:
Larger is the length of wire, higher is the resistance and vice versa.

i.e. RoclL pl\\@o

Q (@) Q -, )
Smaller  length, less resistance Larger length, high reslstance. AR v
2) Cross-Sectional Area of wire: DN \S)

Larger the cross-sectional area of wire, smaller is the resistance anp‘(‘?/i \e"-’/vgzrs(ac.a1

. 1 N/ :\\\":// Vﬂ‘\‘y

i.e. Roc- NCY O

A /2N QD NN
Thin wire, high resistance Thick wir,e:‘\'lo)v"v resistance.

N\ ¥ \ \,_,J
. »*j !\\‘ v SN \-_J
N N/ Pl
D 77N ¢
(N
N
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Ung. 17 — Physecs O-Leves
ELECTRICAL SYMBOLS:
Common devices in electric circuits.
e ‘ Devi T Device |
\—Symbol | Device | Symbol ce | Jymbol_ | Galvanometer |
e e R um D O |
| ] ! |
| = 1 Fixed (}_ Ammeter ‘
—3 ==y = - 1
L\, f Voltmeter |
—ift— | Batte Vanable —)—
i ' | v _5' "¢" res:stor (or ‘;
‘ 3 | _rheostat) | ‘
| —o o— | Power | = 59—  Fuse — 2 way switch i
i |
| _supply | —
[ | Wres _fm\_ Coil of wire 1 Earth
l | joned — connector
| | Wires I transformer | ——}—— Capacitor |
{ |_crossed |
EMF AND P.D:
* Emf-electromotive force:
“The energy converted by a source in driving the unit charge around a complete circuit ”
Energy Work done o
Le. emf = or for the complete circuit.
Charge Charge
Emf 1s measured in Volts.
* P.d Potential Difference:
“The energy required in dniving the unit charge through the component”™.
Energy Work done
Le. Pd= Chare or Charge for the component only.
P.d is also measured in Volts.
EMF IN SERIES AND IN PARALLEL CELLS:
Several cells are connected logether to form a battery.
1. The cells connected end to end, are in series combination, together they supply more energy
than a single cell.
=~ W
Ex El j Es / @ (.éa\.\\/
The total emf in series cells is given by (© A,
= O SN / 7~ l'?
Es=s E|"E2+E] F/ SNV
2. The cells connected in p

, LEa e\ Y
arallel to each other are in paralle| combination.~,
i ’ 4

\
7 \ A\
7
[ !
‘

A

{(
"/
o1 E

P
B ;

N0 -
{f
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{ ) ) )
4 the total emf supplied to the circuit by all cells is sarr
In pﬂf‘"’"c" i.e. E\=E:=E; = E (same) '¢. as provided by a single cet
f making a battery f
he advantages o ry irom equal voltage cell
T if one cell fails, the others continue to work. 9¢ cells in parallel are:-

»
» They last longer.

5 They provide less resistance in circuit.
» Lessenergy or heat is lost.

BINATION OF RESISTORS:

co:\; Series Combination:

The resistors are connected end to end, providing single path of current.
The current in each resistor in series circuit is the same.
i.e. |1='2=|J=|
The sum of the Potential differences in a series circuit is equal to the Potential difference
provided by cell battery.
e. Vy+V,+V, =V

» The combined resistance in series circuit is given by

2) Parallel Combination:

I+

+
\"
The resistors are connected parallel to each other, providing different paths of current.
¥ o\
The sum of currents in parallel circuit, is equal to current provided by cel{og»balteryﬁ‘
i.e. |1 + |2+ lg =1 \\“ N7
~ The potential difference across each resistor in Parallel circuit is the same.

ie. Vi=Vp=Vy=V

# The combined resistance in parallel combination is given by
1 1 1 1 ¢

— — — < »
e /

R Ry R2 R3

EXpe i
fiment: d A
Ment: To measure the resistance of a given resistor. »

N

| .
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APPARATUS ARRANGEMENT:
(D
e —— e P—————

.

I-——(j"_)———/-ﬁ'lk———

rheostal, ammeter and given resistor in

o

-

o  Set up the apparatus by connecting baftery, switch
seres The voltmeter is connected paraliel to ressstor
e  The + terminal of battery must be connected to ¢ terminals

VerLa

of Ammeter and Voltmater and vice

e Close the switch and note the @ and@) reacdings

\
Use the formula R = ry 10 calcutate resistance of given resistor

USE OF AMMETER IN A CIRCUIT:

Key points:
e Ammeter s used 1o measure current in a cacunt
« Ilis connected in senes N a circuil

e The + terminal of Ammeter 15 connected to + terminal of battery and vice versa.

The Ammeters have different current ranges (e 010 1A, 010 5A, 0 to 10A etc. The milli-ammeter
is @lso used 1o measure current in milli-amperes

USE OF VOLTMETER IN A CIRCUIT:
Key points:

Voltmeter ts used 10 measure em! of battery or P ¢ across a resistor of component,

e I1is connecled parallel 10 battery or parallel 1o given resistor

! \ <
o The + terminal of Voltmeter is connected to + terminal of battery and vice veeﬁ@
/
o The voltmelers have different ranges ie. 010 1V, O to € \ o
9 ,0to 8V, 0to 10V etc'., y Jb

\ @A
MmN AN
. (7 e\
AN\ Al
(&) )
\,"'__f" 4 Vo
O\ N
22PN
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practical
Electricity

—

0 Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902

Physics O-Leves

Syllabus 2017 - 18

Practical Electricity

*  Effects of Electricity

* Electrical energy and electrical power in a
circuit

¢ Main features of house circuit are

* Hazards / Dangers of electricity
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Unit-18 PRACTICAL ELECTRICITY

EFFECTS OF ELECTRICITY

1) Electric Heating:
When current is passed, heating
energy is converted into elements, are used in electric heaters,

electric stoves etc

2) Electric lighting:
The lighting effect of electric current 1s produced n two tyf

flect ia [,",r]”r_ﬁl’ in the metal clements The c-le- Ancal

slaar ¥ ottloe 4
elacing ketles, electric gon.

yes of lamps

a) Filament lamps:
When a current flows through the filament, the filament becomes wite hot. The hey

= YiLs » 3 thye - g - - -
filament emits out radiations, which are made i sble in bulbs, and thus lighting effecy

produced

b) Fluorescent lamps:
filament but two electrodes. By passing current between thege

Fluorescent lamp has no ‘
t nee 1 [ \/ i - E
two electrodes, the mercury vapour in the glass tube emits out UV light and thus lighting

effect 1s produced.

3) Electric motors:
The current produces magnetic effect, The magnetic e
magnetc fields to produce movements in electric motors, The electric motors are used in

appliances like fan, washing machine, electnc drills, hair dryer elc,

flect of current 15 used to interact with other

ELECTRICAL ENERGY AND ELECTRICAL POWER IN A CIRCUIT:

Electrical Energy: ‘
The electrical energy in a circuit is supplied by cell or battery. The electrical energy which is lost in the

given resistor is called energy dissipation. The expressions for electrical energy are:
Electrical energy supplied by a cell E = Vit

, , ; . ? _Vz
Electrical energy dissipated in a resistor E = IRt or E = t

Electrical Power:
The rate at which electrical energy is transmitted is called electrical power. The expressions for electrical

powers are:

Electrical power supplied by a cell P=VI ¢ \@Q
Electrical power dissipated in a resistor P = I'R or P= \_I_’ (' \,
~
_— R =
use: \/@\
e The symbol of fuse is —F—=— ' /('> (5\\/

e Itis made up of thin metal wire of low melting point. 72> -

o |If there is excess current, fuse wire melts due to healing ullL"(;l;"IClJllii{gs)'/’olf current to the
appliance. ‘

e Fuseis placed in LIVE wire so that appliance will not become live after the fuse has blown.

e The fuse rating is slightly higher than the current drawn by an appliance. Fuses are normally
rated al 1A, 2A, 5A, 10A, 13A, 30A. (

Y -

Live, neutral and earth wires;

1) Live wire: - :
¢« The wire through which current enters into an appliance.
« Thelive wire is at high voltage.
« Colour coding: Brown.
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Neulfﬂ'w"e.: The wire through which current leaves the el
The neutral wire is usually at zero volt.
Colour coding: Blue.

ectrical appliances.

2) Eart.h Wire:

Ing of an appliance to earth. In case of short circy

- N Y i t
the excessive current leaves lhe appliance for earth through this wire. The excesmv({)
current thus melts the fuse, cutting off further Supply to the appliance. }

The earth wire is almost at zero volt.
Colour coding: Green/Yellow.

Live wire
Switch
® @ X Bulb
Electric
Meter
Neutral wire

ruse] |

&~ Y

Live Neutral

MAIN FEATURES OF HOUSE CIRCUIT ARE:

+ The switches are placed in the Live wire for completing or breaking a circuit. If the switch is
placed in the neutral wire the appliance will be ‘Live’ even if the switch is ‘off’,

+ The fuses are also placed in Live wire, to cut off excessive current before it damages the
appliances.

* The house circuit is in parallel, due to following reasons:

a) Since parallel circuit has different paths for current. If one path to an appliang:o’i‘sf damaged,
others keep on working. D D

N N ™
¢ R

b) Each appliance is at the same voltage.
N

¢) Inparallel circuit, combined resistance is less, so more current can be drawn from the supply.

The cost of electricity consumed in house is based on the qgmber of units — KWh of electrical
energy used. i N s

Y

Cost = KWh x rate ] &

Where KW = electrical power in Kilowat\tg}‘; e

\V4

h =time in hours.

Rate = value or amount of one unit— KWh.

)
v
f
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HAZARDS / DANGERS OF ELECTRICITY:

The possible causes of dangers of electricity are:

« Damaged insulation.
e Overheating of cables
« Damp conditions.

Damaged insulation:
If plastic or rubber covering of Live wire is damaged then wire is exposed. The exposed wire can cause 3

severe electric shock to the user.

Overheating of cables:
A short circuit can result when the Live wire makes contact with the neutral wire due to damaged

insulation. It produces a large current and thus large amount of heat generated can melt the insulation of
wires.

Damp Condition:
The wetness provides conducting path to current. The hands of person should be dry when putting a plug

into a socket to avoid an electric shock.

Safety Precautions:
The safety precautions must be observed to avoid hazards of electricity.

1) Double Insulation:
Use double-insulated wires wherever possible. If the outer insulation becomes damaged, the

inner insulation can still prevent the live wire from being exposed.

2) Earthing metal cases:
Earth all electrical appliances. The earth wire will channel all excessive leakage current into the

ground during a short circuit. The excessive current thus melts the fuse, cutting off further supply
to the appliance.

3) Selection of fuse rating:
A fuse of a wrong value can allow more current to flow into an appliance, causing damage to the

wires and appliance. So never replace a fuse with higher rating.

4) Good Connections:
All electrical connections should have good and tight contacts. Loose and poor, CP%ES@S give high

resistance at contact points, producing excess heat, which in turn will melt th % ion.
5) Wire a main plug safely: @
To wire a main plug with the live (L), neutral (N) and earth (E) wires, th%qcedure@/\as follows:
& @)
,J’> e \:{\_\'
(D) {'_'\
&C/.- ) u]
{/ ':,‘j':\‘\\" D N\
/‘:A:\‘,-’\(;\ </ o\
(O A2
INGR©®
\ —_ N/
(N
G r\\\ \V ~ \‘8)
-V '.'12_,'
\\,:) N\ <

i
— : L —gm':ﬁy“."‘t .\zd
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By means of 2 cutter, remove the SUffi
ciajre the three wires to the correct
%;hten the wires strongly'v.rith th
Place a fuse of correct rating

Cient 2mount of insulation from each wire,
terminals according to thejr Colour codes.

eir respective terminals for Producing good contacts.
with the terminal of Live wire,

Af%x\\

_\\\\7 5 «\;’2
/}/‘ A :.:‘
Q\!/ s s-;;\
O
< R
\y // .v <
2 0 :
(,\\»
NN N\
N -/.7\
/7,\‘\ N e
45 A
,/:/." Y
= A
N &
\\'/(' L N\
S B
\.vv /‘, )
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Magnetism

2 .
. N agnetic, Ncmmpgncs: and Magnetized

matenals
* Properties of magnets

t -
M a g n e l S . . . . To compare magnetic properties of iron and

steel

* These observations can be explamed in the
table below

* Plotting of magnetic field lnes with a
compass

a—

o Level
physics Teacher’s Notes

—

M. A. Chaudhary
Cell: 0300-9412902

—
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MAGNETIC NON-MAGNETIC AND MAGNETIZED MATERIALs:

d towards a magnet are called as Magn
e The matenals whi h are attracted {i gnetic mate,
Steel, Nicked, Cobalt etc
e The matenals which are nol

(& \) (‘ 188 ‘ \v“ 1 /O | ‘l' 1885 ( ‘l .
! : { { ,\\l\ ’. ‘ . , |
{ alt ‘ | ‘ ||- 3 { !’ O ) m ! “" i

i - onl magnets
materials e g permant nt mag

PROPERTIES OF MAGNETS:

They always attract the magnetic matenals like iron, steel etc.

» GIWayo . < b .

> A maanet ‘,qummm freely always align itself in the North-South direction
N AR '

- ceoking the north direction is called N-pole and the other end is the S-pole.

»  Like poles repel and unlike poles a_ltmcl‘ eagh other. | |
»  The region around a magnet, within which it can altract magnetic materials_ |

field

““3 n,J
qed towards a magnel are called ae
u‘“'l‘( h d ‘ ' l]J No"maqneu
€ My,

4
-

cal
lpd ,]-) aqn
N,
A

"

ThQ Qnd of =
S Called jig -~
a0nes
Ones.

Induced Magnetism: -
“It is the process of inducing magnelism In a
magnetic matenal, without any contact with the
magnet.”

For example, when a magnet is placed above N
the iron nails, then a chain of nails is attracted
towards magnet. [t means the magnetism of
magnet is induced in the iron nails.

n< Oz

(a) (b)
Weak magnet Strong magnet

Electrical method of Magnetization: right hand
A solenoid consists of copper coil, which is /

wound around a soft iron or steel core. When

Direct Current (D.C) is passed through the P P
Solenoid then soft iron or steel core is strongly \\
magneUzed. The D.C is passed for seconds S Jg
l.e. just switch on and then switch off the \\‘\

current. l
V\/
, (\/ ()

«

Detection of Poles: V% '\\ ’

The nature of poles produced on an electromagnet are determined by Right-Hand Grip Rule:

“Grip the solenoid with the ri i : : thurd
, ght hand such tha 7N urrent and
points towards N-pole.” t the fingers .j(e in the dlrechp of the ¢

((
Strength of magnet: < 1

The magnet produced b i :
: Y passing D.C i
electromagnel,c can be increased: 9 s called

> gy passing more current through the Solenoi(\i\ '
7 Byincreasing number of tyrng on the coil |

4

¥ IL'

| om0 1
,Cléc!f?m(ﬁgnelic. The strength of magnets'
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rical method of Diamagnetism:
Elcc‘ 2 magnet inside a solenoid and pass N \
plac '“'mq current (A.C). Slowly pull out the
.\npn:;l from solenoid before switching off. The
2::2:101 would be demagnetized,

magnet withdrawn before
switching off

10 COMPARE MAGNETIC PROPERTIES OF IRON AND STEEL:

Magnet-A Magnet-B
S S
N N
_ ~lron Steel
Iron Steel alliron filings fall down iron filings are still attached

Fix pieces Qf iron gmd steel at the ends of two magnets. Dip them into iron filings. Magnet-A picks up large
number of iron filings as compared to magnet-B. Now separate the pieces of iron and steel from their

respective magnets. All iron-filing fall down from piece of iron and hardly any iron-filing falls from piece of
steel.

THESE OBSERVATIONS CAN BE EXPLAINED IN THE TABLE BELOW:

Magnetic Properties of'iron Magnetic properties of steel
1) Iron can easily be magnetized and 1) Steel is hardly magnetized and can

demagnetized. retain magnetism for longer time.

2) lIron can be magnetized by a weak 2) Steel requires a strong magnetic field
magnetic field. to magnetise

3) Iron is used for making temporary 3) Steel is used for making permanent
magnels. magnets.

4) Iron magnets are very stronger 4) Sleel magnets have less strength as

compared to iron magnets.

/>

7

\Z
b

Uses of Permanent Magnets: . "',";\., \\
The hard magnetic materials such as steel are used in the making of permanent magQéts\\\
The permanent magnets are used: N o)

» In making bar magnets. AN

» In making needles of plotting compass. SR

» In making magnetic door catchers.
» Indevices like loudspeakers, motors, generators elc

R

Uses of Temporary Electromagnets:
The soft magnetic materials such as iron are use
electromagnets are used.

d in the terﬁbora?y electromagnets. The temporary

5
~ In magnetic shielding.

~ In cranes to lift heavy pieces of iron/steel. _

) i itch etc.
= In devices like electric bell, transformer, magnetic relay, read sw
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Use of magnetic materials in audio/video tapes:

Audio and Video Cassettes consist of a coil
tape of magnetic matenal on which sound S—

saved in 3 particular form of magnetic field. /— P
For this purpose sound waves are changed 7 /
into electric pulses which are made by recording head W
amplifier. Magnetic tape of the cassetlte is \\

moved through the head of audio cassette
recorder which s in fact an electromagnel.
Change of current n the wire wrapped on

the electromagnet causes a change in \/ lape
linked magnetic field. Thus magnetic tape is /
magnetized in particular form according to e ]/

nse and fall of current. In this way sound is ~—® / / / / ?
stored in a specific magnetic pattem in this Fig.5.1

tape.

Magnetic Field:

“The space around 3 magnet within which it can exert force on magnetic objects” .

The direction of magnetic field is represented by magnetic field lines. The magnetic field lines have
foliowing properties:

» Magnetc field lines start from N-pole

and end on S-pole.

» Lines do not intersect each other.

» I lnes at a point are closer, the \\ / .
magnetic field is stronger there and

\
ViCe versa. ]

-__4—»

» The magnetic field lines between two
like poles produce neutral point. At
this point resultant field is zero. \

PLOTTING OF MAGNETIC FIELD LINES WITH A COMPASS:

Keep the plotling compass near the N-pole of magnet. Mark a dot where compass neex

S-position of needle on dot and mark a new dot where the compass now points. Sinyi ark@ series of
dots from North to South pole of magnet. Join these dots to plot magnetic field line da b‘g;magnet
C\ 4 (6‘\
)\ ~ ~ A
&’ 0,
\_/ \\ \ﬁ‘..\ v
2 ;:\';; N , \\\ -
A~ : Al
[ >\ '
N\ (N

Scanned by CamScanner



121

KL
o plotting compass .
. L] ﬂ(,“,
Magnetic lne
Y. Gf 'Orce o
N : '
. S N
L] ma '
S|, magzztlc field lineg around a bar
wagnetic Shielding or Scrgening: :
o1 ess in which certain equipments or instrum
The proc ents are protected from influence of magnetism *
Plolting L
™
N @ compass
N
No shielding
) ; Tf, M Plo_lling compass,
— facingin no
specific direction
N ' » (shielded area)

Shielding ring
Magnetic shielding
Explanation:
Some equipments or instruments need a magnetism-free surrounding for proper operation. For this
purpose, the given equipment is kept in soft iron ring. Since soft iron is easily magnetized, it can
draw some neighboring magnetic field lines into itself. Thus the area within the soft iron has no
magnetic field line. Hence the area within the ring is said to be “shielded” from magnetic influence.
7

A
N .\\

WAION

N
P &
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Electromagnelism

Magnetic field pattern due to curremt
straight wire

Right — Hand Grip Rule

Factors on which magnetic field depends
Magnetic field pattern due to current in
Solenoid

The strength of Magnetic Field due to
Current in solencid can be increased

Application of Magnetic Effect of current
Electric Bell

n
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Unit-20 ELECTROMAGNETISM

MAGNETIC FIELD PATTERN DUE TO CURRENT IN STRAIGHT WIRE:

When current is passed through a wire, then magnetic field is produced around the current ¢

! ; ;\"\pr’.q Men
The pattern of the magnetic field is in the form of concentnic circles. .

The presence of magnetic field around the current carrying wire can be detected by the deflocy
needle of plotting compass.

on of

magnetic

current :
P field line
plotting
compass

straight wire

Right — Hand Grip Rule:
The direction of magnetic field around the current carrying wire is determined by right hand grip rule.

"Grip the wire with right hand such that thumb points the direction of current and curl of fingers in the
direction of magnetic field.”

t!
Right-hand with
Thumb pointin
the direction of
current

Factors on which magnetic field depends:

The factors influencing the magnetic field around a straight wire are: (¢
1. Increasing the current, increases the strength of magnetic ﬁpj(j/,-\ v o
2. Reversing the current, reverses the direction of magnetic field:” (4,
3. Increasing the distance from wire decreases the stréhg\[) of magnetic field. That's why
circles are closer near the wire and wider away the wire. Y

Concgﬂ’J .

Ne ‘O

e— H /'/ 3
\ s
J /e 1y

Scanned by CafnScane



ot - Physca O pver
etic field pattern due to current in Solenoid:
Mag"

!
Magnetic field due to a solenoid

The magnetic field pattern of a solenoid is similar to that of a bar magnet.

The magnetic field emerges from N — end of the solenagid and goes into S- end.
The magnetic field is stronger inside the Solenoid because concentration of m

agnetic field lnes is
larger there.

The strength of Magnetic Field due to current in solenoid can be increased:

» By increasing the current.
By increasing number of tumms on solenoid.
By using soft iron core inside the solenoid.

Application of Magnetic Effect of current:

The magnetic effect of current is used in the following electrical devices:
e Electrical bell
e Magnetic relay
« Reedrelay

o Circuit breaker
The diagram and working of each device is described below:
Electric Bell:

bell button

0 lll 0/ springy metal
strip
“d

v ' 4  softdron N
—1 amature RV O -~

contact screw

eledromagne'/@ hammer ¥
gong
An electric bell

Working: n e

s

When current s passed, the soft iron core or electromagnet is strongly magnetized. It attracts the
armature and hammer strikes the geng, producing sound. The circuil breaks from the contacl screw.
CUent is cut off and electromagnet loses its magnetism immediately. So armature gets back to its
enginal position completing the circuit again and same process is repeated continuously.

_h_¥

. _—
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Magnetic Relay:
output

“EEE |oulm
= arcuit

electromagnet

nf\j\nr\r\r\nl\

[T N

oo o oo |V

»
»

input areuit

A simple magnetic relay
Working: o o o
The magnetic relay consists of two circuits i.e. input c1rcunl.and output circuil. The input cir
works at low current. can be used to control output circuit, which works at a high current.

cuit, Wh{h

When small current is passed, soft iron core or electromagnet is strongly magnetized. It attracts

St the
end of armature and the other end is pivoted upwards, joining the contacts of external circuit, free
Reed Relay:

h output circuit "
L input circuit
A reed relay
Working:

The reed relay consists of a pair of soft iron strips having a small gap between them. The pair of soft iron
strips called as reeds, is kept inside the solenoid.

When current is passed through the solenoid by input circuit, the reeds are magnetized and attract each
other, closing the contacts of output circuit.

When current in the solenoid is switched off, the reeds lose their magnetism, separating thebcontacts of
output circuit again.

NG
Circuit Breaker: @ ©@

iron armature
springy copper strip solencic (&7 (B)

NN

= el . gote N

ON

s (ZA

terminal 1 2] terminal 2
o))

A circuit breaker ")
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WOrk""9° ker i o . "
o er is used to switch off the curr i
circuit bréaker h rrent if it exceeds beyond ey o
Qows trom Terminal 1 — Springy copper strip — Iron armature — smé%?jm ".?;“ gt ::gcu:t_ The current
S ) " e 3 rmlna ‘ +

en current becomes excessive, the iron core inside Solenoid is strong

h
W ture. As the armature moves towards solenoid circuit breaks fr

iron arma
Current.

)
Y
{"j\‘ \_\ y r\§§
o) KXo
I

ENY
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Mag n etl c * Aoplication of m,\‘-,':.: :.L-'
* DC Mot riete Force
Force

D 4 '

. K'nwn

CON-bew s
) coil ‘h("{l-p_‘h(‘r

0 Level
Physics Teacher's Notes

e

M. A. Chaudhary
Cell: 0300-9412902

Scanned by CamScanner



AL 1Y)

Unit-21 MAGNETIC FORCE

EXPERIMENT TO DEMONSTRATE THE FORCE ON A CURRENT CARRYING
CONDUCTOR:

When a cutrent carrying wire is placed in a magnetic fisld then a magnetic force is produced on the wire
Suppose a stiff copper wire is placed at right angles 1o the field, provided by U-shaped magnet w,,
switch I8 closed, a current flows through the wire, The wira moves upwards, indicating that an Urw“v:
force ncts on wire h

ware moves
Lprwinrds

'-'v‘"l“.'h

Observations:
The magnitude of magnetic force on the current carrying conductor is increased:
» By increasing strength of o magnetic field.
» By increasing amount of current pasasing
The direction of magnetic force on the current carrying conductor is roversed:
« By reversing the direction of current,
e By reversing the direction of magnetic field
Fleming's left-hand rule:

The direction of magnetic force is determined by Fleming's left-hand rule.

Motion (thuMb)

/!

v

; Ficld
A7)
70y

( % (Forefinger) N
— 7 il y (Forehnger \/

1\ $ 73 - 1\\\

— VR, % g Q*”:/) C!]\L )

-

Current (Second inger) S

> ©
' /7
Fleming's Lelt Hand Rule ,\((' g (L‘\\
' \/ \v" . l" ‘ﬂ » ‘ h
Stretch the second finger, forefinger and thumb of left hand mutually, perpendiculari 10 each other suc
that: (Y o N\
e Second finger indicates direction of current (1) (%)
o Forefinger indicates direction of magnetic lield (M), . (¢ A
e Thumb indicates direction of force (F) \!

N N\
] WO\
\‘-

UH)
In applying Fleming's left hand rule, the following must be observed:

» The direction of magnetic field is always from N-pole to S-pole of a magnet.
» The rule applies only, where the current and field dirdctions are perpendicular to each other.

el
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» The direction of current is taken

OPPOSITE { ;
is considered. © flow of electrons j ¢ conventional ¢y

d. rent d
application of Fleming’s left-hand ryle: reten
1) Force on Current carrying coi in a magnetic field:
I, Q
B
A magnet
)
A
Force acting on side AB = downwards or into Page ®
Force acting on side CD = upwards or out of page ©
No forces act on sides BC or AD, since curr irecti
case. ent and field directions are not perpendicular in this

2) Force on current carrying conductor in a magnetic field:

N ’ ‘?\ s Fig. a
F

wire carrying current into the page

F

]

. S Fig. b

wire carrying current out of the page

Fig (a): The direction of the force on the wire carrying current into the page is downwards.
Fig (b): The direction of the force on the wire carrying current out of the page is upwards.

3) Force on moving charges in a magnetic field: _ KJ
e |If the Fleming's left-hand rule is applied to a beam of electro_nsgtheic\f\irection of
CURRENT is OPPOSITE to the flow of electrons. \\\“\“\
e If Fleming’s left-hand rule is applied to a beam of protons, the QEréEtidp of CURRENT is
SAME as that of flow of protons. \ S
~) L)
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' e @ ’ Protons ! g,
£ D : ‘ v : @ 0 @vﬂ :
‘e & & & M4~5M§»»Q ‘:
e e WX : P
‘e ©@ 08 | . '
: \: s ® E
h & & ' IR :
Where S+ et ¢ $eid Into page
|jmmmmmmmeaaa -
SUPP ': : ® ® 0O 0] :
0 ©© g Protons | :
Pectrons | . & e/‘@: J 6 0 6 O:
) ' > .
____._—-—0—,—’-/ : ) ON 1o :
' 6 © @, |
! e' o 0 oY
'@ © © 1 R |
\‘\'h(‘:t:ED = magneti¢ field out of the page.
APPLICATION OF MAGNETIC FORCE
e D.C Motor
« Moving Coll - loudspeaker
D.C. MOTOR: o
magnet
::'ind S pole
D
! Q
carbon @
urren brush
c t brush split-ring @ 4 ’
commulalor < AV
| 2\\.’ ’\Q/
Working: | '\lA: ’ Oﬂ’v’

O\ ~ A, v :

v N \
When current 1s passed, the rectangular coil ABCD rotates between pules of ynagnet, due 10 magnelic
force. According 1o Fleming's left-hand rule, on side AB force acts downwards and on side CD force acs

_ i
upwards. These forces being equal in magnitude, but opposite in direclion rotate the rectangular col ina
anticlockwise direction .

Function of Split-ring Commutator:

] : , \ ¢ , nd
It reverses the direction of current in the coil, With l,hel result the direction of forces is also reversed a
the cod continues lo rotate in the same direction.

Functions of carbon brushes:

P
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it - 2
avoid the friction between the split-ring commutator and the circuit wires. Moreover the circunt wires
tangle over with the split ring commutator in the presence of carbon brushes.

Physics O-Level

They
do no!

tors increasing speed of Coil;
Fac ing effect of rectangular coil can be increased:

f
The‘mmsy increasing number of turns on coil.

By increasing a current.
By using stronger magnet.

r i . B
» Byusing soft-iron core inside the coil.

VING COIL-LOUDSPEAKER

casing
ring pole
/

N

-— L —T11

N E

\
Z//f N

MO

|_— coil on tube

N central pole

paper cone
current leads

Working:
When an alternating current is passed to the coils, through current leads, then a magnetic force is

produced on the coils. As the current is alternating, so magnetic force on the coils varies rapidly in
magnitude as well as in direction. This causes the coils to oscillate with very high frequency.

Since the paper cone is attached to the coils so oscillations are set up in the cone as well as in the layer
of air next to the cone. In this way alternate series of compressions and rarefactions in the air are set up

producing sound waves in the air.

Force between two parallel current carrying wires:
Two current-carrying wires placed parallel to each other experience a magnetic force, due to the

interaction of their m i Ids: e
of their magnetic fields ,u[\g\\ Q§
BN > \\‘)S
(O
N7 Y
g - - i -~y | OIS
F P F F|
4 V1 1 ™
Ak
(a) Unlike currents repel (b) Like rcuri’ent\s”éttract

~ Parallel wfres with currents in the same direction,_a@trét:tveza‘ch other.
~ Parallel wires with current in opposite direction, repel each other.

Thipg “Likef currents attract, unlike currents repel.” 2
éraction of magnetic fields of like and unlike currents is described in the diagrams below:

e e s -

-&:.'..-&\_‘_¥ ‘
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e

directions

(b) Combining magnetic fields due to currents in the same
direction

o\ 4
\\ NI
S 7~N \\x
(&7 - -
e ( :)\‘
(N -
\ //\/\ Vi &
\" (O
B ..
(NN
PJ v )
\\ ‘\V‘\ (;‘\‘ S
\\ (/\"
N A~
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Electromagnetic Induction
« The Phenomenon of Electromagnetic
Induction
¢ Laws of Electromagnetic Induction
E I ect ro m a g n e" e Direction of induced cument in the
conductor
» A.C Generator

tic Induction LG Genern

* Energy losses in transformer

—

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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When a magnet is moved towards coil, galvanometer deflects, showing presence of current ip,

: e ot the cojf

magnet 1s moved away from the coil, galvanometer deflects in opposite direction showing currens o
< = . - : LN 1]
coil in reverse direction. However if magnet is stationary near the coil, galvanometer does net deflect |
TTee e

NO current is observed. . '
These observations can be explained with following basic terms.

1) Magnetic Flux: '
The magnetic field lines cutting the coil is called magnetic flux.

2) Induced emf:
The driving force of electrons in the coil produced due to cut of magnetic flux.

3) Induced Current:
The rate of flow of electrons in the coil, hence which is produced due to cut of magnetic flux.

4) Electromagnetic Induction:

It'is the process in which an emf and hence a current is induced in the coil, due to cut of magnetic
flux.

LAWS OF ELECTROMAGNETIC INDUCTION:

1. Farady's Law:

“The induced e.m.f (current) is directly proportional to the rate of cut of magnetic flux.”
The induced emf in the coil can be increased:

» By using a stronger magnet VAR

» By increasing number of tums in the coil x

» By using soft iron core inside the coil. @ ).

> By moving the magnet faster. A ]f'
» O

2. Lenz's Law: \‘\C\ @)
“The induced current is produced in such a direction that it opposes'dh\e caué@;y;}roducing it
R 8 N

\\\\\‘

el
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b bar magnel

bar magnet
moving mito 4

moving out
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Pointer deflects right
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bar magne! bar magnet
mowving into moving

g out
___.____@___— the coil < -® of the coil
Pomnter deflects right Painter defleds left

The above diagrams show that the induced current in the coil is produced in such a direction that
it opposes the motion of the magnet.

DIRECTION OF INDUCED CURRENT IN THE CONDUCTOR:

~ Motion induced
Invisible current

magnetic
field

Fig. shows a wire cutting the magnetic field between poles of a magnet. The current is indu'i:'éd%m the wire

due to cut of magnetic flux. The direction of the induced current in the wire can be delermined by using

Fleming's Right-Hand Rule D N

“If the Thumb points in the direction of motion of wire 72 Thumb

and Forefinger points in the direction of magnetic field, A \

then Second finger will indicate direction of induced 1st Finger- |

current in the wire.,” A~ , 0
g\ T

"

! /

(.~ — . A

2nd “
Finger

Fleming's Right Hand Rule can be applied to the following eéxamples

Scanned by CamScanner




) ‘
Uot - 22 o,
. . ]

——

=7 dlip ring

output
Working:

When the coil is rotated between poles of magnet then due to cut of magnetic f1;y an emy
in the coil. “M's ng,

1) When the coil is in vertical position, cut of magne‘tic ﬂuxlis zero and no emf i Induced in
2) When coilis in horizontal position, cut of magnetic flux is maximum so maximy N the ~y

| mem f 18 ;...'
in the coil. o 4 o "irne
Therefore e.m.f induced in the coil varies in magnitude as well as in directicn, Sych an e.mfi
alternating e.m.f or alternating current (A.C). NY'S catg
t A E
E
¥ H ‘
O —>
time
l-\._q,.";\\"?
e AN

« Alpoints O, B, D, F and H coil is in vertical position, because e.m.f indt&d\is zera, )
At points A, C, E and G coil is in horizontal position, because e.m.f in‘dL\@‘ed is maxium
P -~ -

vVila

The induced e.m.f and therefore the induced current can be in«cr/eaée;d.’
» By rotating the coil at high speed. _'»‘:\\ 3 "
» By using a coil with more turns. (’7)" ~T
~» By using a stronger magnelt. \ * “a
» By using softiron core in the coil.

Function of Slip rings:

The current induced in the coil is passed to the output circuit lhrougﬁ-lhe slip rings. So ship Angs 315+
bridge between the current induced in the coil and the output circuit.

el
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1 Changes on In_duced Cprrenl Produced by a.c. generator:
G"‘:hﬁ?numw of tums in the coil one doubled. the induced e m f is also doubled
emf.

new output
voltage

S T time
4 -’ \/‘-—",’
| prewous\/
output

voltage

Doubling the ty
maximum outp

» 1t magnet of double strength is used, the

ms doubles the
ut voltage

induced e.m f also becomes double,

e.m.f
?
new output
Tt voltage
& ol , - \\
/7 \
o} time
L previous
output
voltage

Doubling the turns doubles the

maximum output voltage
. !

If speed of coil is doubled, the induced e.m.f as well as frequency of coil becomes double.

e.m.f.
.

new output
voltage

S AT RN
’ AN / AN
/ i / \ , &
0O = time O\
\ F \ II ol P N
+ N1 <7 N N

previous Dk
output RS
voltage

Doubling the speed doubles the |
maximum outpul voltage

4.

If speed of coil is reduced to half of its original value, then e.m.f. induced as well as frequency of
coil becomes hall. :

&

The e.m.{ vs time graph will be the reverse graph of the above diagram.

/
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em.f
Y new outlp
voitage
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R previous
ocutput
voltage

Reducing the speed reduces the
output voltage as well as frequency.

TRANSFORMER:

.. slipring

Use: it is used to step up or step down the voltage.

Construction:
A transformer consists of:
Primary coil - connected to a.c supply.

Laminated soft iron core—consists of different iron sheets separated by insulating material,
Secondary coil - connected to output circuit.

Working:
When a.c is passed in primary coil, then a charging magnetic field is produced. The ma netic field fnes
travel through the soft iron core and cut the secondary coil. Due to cut of magnetic ﬂu)@f is induced
in the secondary coil. The transformer works under the equation:

Ns _ Vs

¥

—_ = A L-;'

Where N.= Number of turns on secondary coil.

Vp=Number of turns on primary coil. \/\@ A ﬁ]?
V¢ = voltage across secondary coil. I N A M
V= voltage across primary coil, '/é\ Sl
NN
(@) IfNs>N,, then V>V, e, Step Up Transformer. (”\\A \ =
(b) If N5<N,, then V <V, i.e. Step Down Transformer. NS . \S)
Ne AW
For an ideal transformer, which is 100% efficient: \—-'*\) 225y

Power Input = Power _O\'(].iptji:
Volp =V,
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ENERGY LOSSES IN TRANSFORMER:

4. Copper losses:
The energy is lost in the form of heat due to

resistance in the copper coils. Using the thick wires
in the coils the energy losses can be reduced.

2. Eddy Current losses:

Some current is induced in the soft iron core of transformer. Eddy current causes he
the core.
To minmize this energy loss soft iron core is laminated.

ating effect in

3. Flux leakage:

Some of magnetic field lines may escape to the surroundin
core. This loss s called as flux leakage. The soft iron casi
reduced the flux leakage.

Gs as they travel through the soft iron
ng around the structure of transformer

Advantages of high voltage transmission:

One of the problems in the transmission of electrical energy is the power loss. This loss should be
minimized for more efficiency and economy.

One solution is to use the thick cables so that resistance R is low. Then the power lost as heat in
the cables will be a minimum.

Other solution is to reduce current | by using step up transformer. At hi
kept low. So the electrical power loss P=|°R is reduced. Hence el
transmitted more economically at high voltage and at low current.

gher voltage, current is
ectrical power can be

Advantage of A.C. for Power Transmission:

A.C., rather than D.C., is normally used for long distance power transmission because
transformers make it possible to change the voltage. D.C voltages can be changed, but the
process is relatively difficult and expensive. Transformers of course will not work with D.C.

N
QIO
A FON
R

("

%

N

B

Scanned by CamScanner



143

¥ —~—
yot - 73 yscs O-Loves

—

23
UNIT Syllabus 2017 - 18

—
Electrons

Thermionic Emission
Cathode Ray Oscilloscope C.R.O i
Calculations from C.R.O Trace

Electrons

—

O Level
Physics Teacher’s Notes

M. A. Chaudhary
Cell: 0300-9412902
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THERMIONIC EMISSION:
It is emission of electrons from met

number of free electrons in metals, ' ok
resistance, heating effect is produced. The free electrons gain energy and emit out from \f-d ..

effect is called thermionic emission or Edison effect.

al filament, as heated by passing current. Since
when current is passed through the metal figm

"‘C‘re e |

="
P Qe g,

1
‘af‘.'t.»a -
R R

Demonstration of Thermionic Emission: .
When the metal filament is heated by passing low a.c. then due to heating effect electrons are

from the filament. The electrons are accelerated due to positively charged anode.
Deflection by electric field: parallel plates

When an electron beam passes between two

charged plates, it can be observed that the

electrons are deflected towards the positive e 1 \;/‘-\
plate. The electrons are attracted by the positive —@ J ? ‘
charges on the positive plate and repelled by

the negative charges on the negative plate. *

electron beam

Deflection by field

Deflection by magnetic field:
When an electron beam passes

between two poles of the magnet, it ledisnb
can be observed that electron beam elecon eam\
is deflected by the magnetic field. By ——
applying Fleming's Left-hand Rule, it - j\
is observed that electron beam = ]
deflects downwards. ‘
+
Deflection by magneic field
CATHODE RAY OSCILLOSCOPE C.R.O: "
ina al ‘ {l‘:\}
_ eledrgn gun ‘ rdeﬂechr}. plates Ao B fcreseent
e

anode (+) X-plates ‘é—plates

[ Ti 3
}

Basic Components of C.R.O :
The Cathode Ray Oscilloscope consists of the following:cemponents™

¢ The electron gun | ~
e The deflecting plates
¢ Afluorescent screen
A
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o of each part of RO is described below

Physics O.L aver

it is heated by passing low a.c. The electrons are emitted out from the filament by thermionic

ainiasion

2) STI0N

he negatively charged grid makes the emitted electrons into a beam. Moreover, it controls the
pumbet of electrons reaching on the screen.

1) Anode!

1he positively charged anode is used to accelerate the electrons.

4) Function of X and Y plates: The function of X and Y Plales can be described in the form of table

X-Platos Y-Plates Trace on Screen
OFF OFF dot e
ON OFF horizontal line _
OF | ON vertical line I
E ON ON Wave AVAVAY
! )
X-Plates:

They deflect the electron beam horizontally.

Y-Plates:

They deflect the electron beam vertically. If X and Y plates are functioning together then electron
beam oscillates in the form of wave.

5) Fluorescent Screen: It is coated with some fluorescent material like Zinc Sulphide (ZnS). The
electron beam glows on reaching the screen.

Uses of C.R.O:

The C R.O can be used for:

* Measunng a.c. voltage

« Displaying voltage waveforms

* Measuring short intervals of time.

2
CALCULATIONS FROM C.R.O TRACE: QAN
SN
Voltage sensitivity or Y-gain: \\' X
Itis voltage used by C.R.O trace per division. e.q. 5V/div. @s '_

Time-base value (X-gain):
Itis tme used by C.R.O trace per division e.q. 3 ms/div.
By using the values of voltage sensitivity and time base, the following calculations can be made-
1) Peak Voltage:
(Number of divisions in an amplitude) x (voltage sensitivity)
2) Time Period:

(Number of divisions in one cycle) x (lime base value) .

L
—

Frequency:

At where T . tme penad in seconds.
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Electronic Components:
Potential divider

LDR

Thermistor

Diode

Capacitor

Resistor and their Colours

oV A wN S

Potential divider:

It is the device used lo vary the. pqtential.
according to the requirement in the circuit. ‘
e.g. rheostat, LDR, thermistor are the potential

dividers.

The voltage or potential difference across the given resistance can be calculated by the f
- Ormyl;

- R
Vq= (R1+R7

_, R
VP_ (R1+R? . i
A potentiometer regulates the potential difference across a device. It allows
from its max. value to zero. Any required fraction of the total P.d can be tg

the sliding contacts.
LDR:

)V, where V, is the potential across the resistance R,

)V, where V, is the potential across the resistance R,

the Pd 1o
Pped off by

e Vaneq
adeS’Jr‘g

<

LDR stands for light dependent resistor. Its symbol i34@—

3)

‘{/
LDR

':Q Blub

In darkness resistance of LDR is very high so maximum voltage of batte i% 2d
' ry across the
LDR. The voltage left for bulb is very low and in brightness it happens reverse’ =

In_ darknes§, resistance of LDR is very high so it would not allo e curr @@Zbulb. In
brightness, its resistance falls and it allows current for bulb.

Light Intensity

Darkness

Brightness

. ™N (N
Thermistor: l N N/

It !S temperature dependent resistor. Its symt\)‘ol s X
Itis used in fire alarms. W

N,
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\
Thermistor
vo—
Firealarm
Temperature R:'s‘ustar.rce ot Current in Current in Fire
ermistor Thermistor alarm
Low High Low o j
. R
High Low High On 3

i

o If temperature is I_ow, the resistance of thermistor is high so maximum voltage of battery is ysed
across the thermistor. The voltage left for fire alarm is very low and in brightness it h?pcs\ﬁg
reverse. pen

If temperature is’ low: resistance of thermistor is high and it does not allow current for fire alarm_ |t
temperature is high, its resistance falls and it allows current for fire alarm.

4) Diode: Its symbol is—@_

Itis used to convert a.c. — d.c. The conversion of a.c — d.c is called as rectification.

&b

The diode conducts only positive cycles of A.C. It does not allow the negative l;'?"clgs to pass
through it. So a single diode produces half wave rectification, as shown in figures below:
N .w\\

%)

Half wave
! rectification

1) Capacitor:

Itis used to store charge. Its symbol is —| |— 72 <
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~

o= T Cepacitor X suto

When switch S, is closed the capacitor takes some time for charging. When the Capaci
charged then swilch S, is opened and switch S; is closed. The charge store CRr s g

d in the -y
released for the bulb. - Capacityy

S) Resistors and their colours:

The resistors are electronic components which are used to control current N a circuit »
'mportant consideration for the use of resistors is the power rating. The power rating of Ancthe,
's the maximum rate of dissipation of electrical energy as heat before it is damageg 3 resigty,
rating of 0.25W to 1W is normally suitable for use in most circuits. 9°C. A powey
Resistors have multicolour bands.

Colour band Colour code value
!

Black 0
Brown 1
Red 2 .
Orange 3
Yellow 4
' Green 5
Blue 6
Violet 7
‘- Grey 8
White 9 <
@)
First Colour — write down colour code value. v 5‘“,'.;
Second Colour — write down colour code value. 0> i~ Y
Third Cclour — write number of zeroes of colour code value. «;/% ’ /? =
v '7
i ) /\‘\, =
\\ \\ Q%
egf  \\
N\ N
Green Violet Red
9 [4 /=, 00
i.e Resistance = 5700Q ——N)Y o~

3
2
§
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UNIT 24

Physics 0. Level

Syllabus 2017 - 18

Radioactivity

Radioactivity

O Level
Physics Teacher’s Notes

e

M. A. Chaudhary
Cell: 0300-9412902

Structure of an atom
Basic terms of an atom

Geiger Marsden experiment for discovery
of nucleus

Changes on nucleus by emission of q, B
and y

Geiger Muller-Tube
Star Formation
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Unit-24 RADIOACTIVITY

STRUCTURE OF AN ATOM:

Key points:
e The smallest part of an element is called an atom.
e The central part of an atom is called nucleus.
e The nudleus consists of protons and neutrons. The proton is a positively charge particl So
nucleus cammes a positive charge. 0 a
e The electrons revolve around the nucleus in nearly circular orbits.
« Since an atom is neutral, so the number of electrons in an atom is equal to the NUMber
protons. er of

BASIC TERMS OF AN ATOM
« Atomic number (2).
e« Mass number (A).
« Isotopes.

Atomic Number (2):
It is the number of protons or number of electrons in an atom.

Mass Number or Nucleon Number (A):
It is the sum of protons and neutrons in an atom.
The symbol of an atom with its atomic number and mass number is:

; X where X = atom
VA = atomic number
A = Mass number
A-Z = Number of Neutrons
e.g. 238U
Number of Protons =92
Number of Electrons =92
Total number of all particles =330
Total number of neutrons =146
Isotopes:
They are atoms of the same element with the same atomic number but different /%\nﬁ . Isotopes

differ in the number of neutrons in their nuclei, although they have the same nu

/Of s, with
equal number of orbiting electrons. rbey/of pr Qon :

LN

Examples of Isotopes: 0> A
1) Hydrogen: }H, ZH, 3H .' LA / ‘;,:\\‘\» N
2) Carbon: ]%C, l’;')C N\ “\\\ N V4
3) Chlorine: 2261, 27C) NN
s . \
N\, ©
i «4\;‘
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metal foil
\ nudear atoms /v

\..\v‘n... / —
) E —>
' @
'\
P4 —
— =y
o -partides —
in 3 narmow 3

Y9 ‘E /
beam \q&.‘Lj

When Alpha particles are bombarded on a thin
Few Alpha particles are deflected at certain ang

i) Major part of an atom is empty.
i) Central portion of an atom (called as nucleus)

carries positive charge.
i) The size of nucleus is negligible as compared to size of an atom.
Radioactivity:

gold foil, then most of them pass straight through the foil.
les. The results of experiment are:

Radioaclivity is the spontaneous and random emission of radiations from unstable nuclei. The radiations
emitted are a, B and y. The characteristics of a, B and y are described in the table below.

/. )
AL
IO\
ol ) A
it o’ (\)\‘\‘\
R AN
)\‘ \\
\¢

o iad
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Ch'm,& B,
Alpha — o Gammag .y .
Characteristics Electrons £l
4 5 S eclromagney;
e L .
Charge 1 a.mu TT—— B
Nass 4a3mu 1840 1‘ 0‘
Atomic Number i 5 \\g\\ A
Mass Number Medium penetration. It can Mo —
Least penetration. It can be stopped by Aluminium Caan "S“m Deﬂetratgm N
Penetration | pass through air up 10 5¢M. | (o0t of  thickness  of lead s: Slopped by thick
It can be stopped by paper. | o € eet.
Maximum ionization due to | Medium ionization due to b'iigt%l:!il IE’Or\lzat'cri,\"“
izi 2 its small charge and mass. ¢ 1has neitpa
lonizing Effect | i< 1arge charge and mass. | its 9 mass nor charger,\f
+4++++++ 4+
—N
Effect of
electric field et
a deflects less because itis | B deflects more because it d:)J:Sdeﬂected. because g |
a massive particle. is a lighter particle. not carry any Charge, |
——————— '®®® ®! Y Y ys
! _ |
Effect of o ' ® 1 : : \-:M—%
i o |
magnelic field :®®®®| :®®® : '®®®®1
1 |
[ eReR, 10 1 RQ8g

CHANGES ON NUCLEUS BY EMISSION OF A, B AND y

1. a-emission:

When a-emits from radioactive nucleus, the atomi
and mass number by 4. i.e.

C number of daughter nucleys decreases by

A A—4, 4
7%= 7K+,
e.g.
226 222 1
88Ra—>86Rn+20 -
2. B-emission: N2\
When B-emits from radioactive nucleus, the atomic number is increase Ey/ nd there is no
change in mass number., Ny
X - )
7" 7z Xt _ B @ o
“ © A,
\&/ !
24 24 0 o
1Ne > Ma v B QN
3. y-emission: ["/\, /_A\\\?/\
When y-emits from radioactive nucleus, then ne“hel',atomﬁg\r{u/mbe’rfﬁbr mass number changss
Ie. ( 1’\>\/\ R
h " .4//‘ { \\
;X = /Z\X + 8y NS ,DQ:\)/’
Parent Nucleus Daughter Nuclleif_s\ o NZ
e-g_ ‘\_\\j:‘*. N/ ,/(/
00 - 9c0 + fy
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MULLER-TUBE:
GEIGER athode
very thin (metal cylinder)
ml@ Vﬂ-ndcw mtemeler

ampif er

450V
0—
b

radiation
radioactive
source

/

argon gas at
low pressure anode (wire)

to ratemeter
or scaler

When radiations enter into GM tube, they cause ionization in the gas contained by the tube. The number
of ions produced per unit time is measured by rate-meter in the form of count rate.

(i) The presence of a-radiations is detected by placing a paper sheet between radioactive
source and the tube. If the count rate falls, then a-radiations are emitted from the source

which have been stopped by the paper. If count rate remains same, then source may be
emitting 3 and y radiations.

(if) Similarly, the emission of B and y radiations can be detected by placing Al and Pb sheets
respectively.

Background radiations:
The count rate of 8 GM tube never comes to zero due to the presence of background radiations. The
sources of background radiations are:

i) Cosmic rays; coming from outer space.

i) Polluted air and polluted water.

i) Nuclear reactor in the surrounding.

iv) Earth’s crust may contain radioactive source.

The presence of background radiations is noted before measuring the count rate with GM tube and then
subtracted from the final measurements. The value of background radiations varies between 20 to 50 per
minute.

Define:
» Radioactive decay.
* Spontaneous decay.
¢ Random decay.

~ Radioactive decay: &
The spontaneous and random emission of radiations from unstable nuclei is called radbacﬁve decay.

» Spontaneous decay: @\\
The radiations emit by their own, from the unstable nuclei. The emission of radla |ons\s not affected
by any external changes like temperature, pressure, electric and magnetlc f'elds &tc. Such emission
of radiations, which is not dependent on external factors, is called spontaneous decay

» Random Decay: R
Radioactive emission occurs randomly over space and time. In other: wOrds it is impossible to state
exactly which nucleus and exaclly when a particular nucleus wnll decay ~The fluctuating count rate of

GM tube determines the random decay.

<

Half-Life (T,,):
“The half life of a sample of radioactive substance is defn’ed as lhe lime taken for half of the unstable
nuclei to decay.” NDT R

For example if N is the number of original radloactwe/nuclel and 5 is half the number of original

radioactive nuclej remaining, hence the time taken for N Nuclei to decay until Enuclel are left behind is
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called the half-life T,» Therefore the time taken to decay o 7 WiLBS two haii-ives Le. 2Trzand S0 on
Le. N 7 4 |9 > N _EI-.;__,E and so on
N * 2 4

Half-life from decay curves: _
The number of radioactive nuclei decrease exponentially with time. The exponent decrease of Nucle; g

given in decay curve.
Number of nucles

A
N -

N/2

> Time
Tn

Read the time from graph, during which radioactive nuclei decay to half the original  value (N12). Thi
time gives the value of half-life (T,) > 1.

Precautions of handling radioactive sources/radiations:
To prevent exposure 1o radiations, the following precautions need to be taken:

1) Store the radioactive material in a lead box

2) Wear the lead lined gloves and suits in the radioactive lab.

3) Shift the radioactive material with tongs and forceps.

4) Avoid drinking and eating during the lab experiment with radioactive nuclei.

5) Hang the radioactive precautionary symbols in the region where radiations are present.

Radiation symbol > ~
Uses of radioactivity: / 0/ (@\1

1. For' s@erilizing medical instruments, as the bacteria and viruses (a{rg’killeéﬁm exposure lo Y -
radiations. NN QY

The radiations are used as a tracer in medical as well as in inci\u'Slry. FO‘P\exémple tracer elements
are used lo check thyroid glands and brain tumor, wear.and tear of moving parts of machinery
leakage of water from underground waler pipes elc. NN A

3. Deep penetration of y-rays is used to detect fal.ll\ls~ih‘\\f;/e|(ting,\ inside cracks of machines ¢

2.

i . ) , or
E{;{g:}es etc. The y-rays are also used 10 check the hickness of rolled sheets of metal, paper
IC. N\ = W\
A
: . ( N \ \ -
;' gg&:f; L:Le ﬁssuon_“process of Uranium, electrical energy is produced in the nuclear reﬂC‘O:f;‘Ct,,pus
L cays wi 1M H N\ et D . > (¢
cells. ys with the emission of § and y-rays. These radiations are used to kil the

I el
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archeological findings can be determined Thenmcedlre'scaledwbondmt\g, ek

fmsten ‘s mass energy equation:
we mass can be changed nto energy and energy can be changed into mass, i e mass

paerchangeable by the equation S
E=mc’
Where m = decrease n mass.
C = speed of hight = 3x10" mvs.
E = energy produced
wuchear Frssion:

,-_‘,mwda‘eawmdeusntamhghtamm.mmmhasedwsc&dm.'
™e Sission reachon © descrbed by the equation

¥ Ty _ 01 L > 1
U+ n—-"""Ba+ Kr+3n] + Energy

« The total mass of product parbicles on the nght hand side of equation s less than the mass of
partcdes on the left hand side of equation. According to Einstein mass-energy equation E=mc’
the decrease m the mass s converted into energy.

« When neutron 15 bombarced with heavy nucleus of U, then U spiits into lighter nuclei Ba & Kr and
huge amount of energy s released.

Nuciear Fusion:

“The fusing up of two bghter nudie: to produce a heavy nudeus with the release of energy”
The tusion reaction s descnbed by the equation:

. e N 1
dH+ 1l-l—»—z-He—(—,n -~ energy

« In sunight nudies of hydrogen fuse together to produce heavy Helium nudeus and huge amount
of energy s released

s Fusion ocours only in the sun and stars because a temperature of approximately 100 million®C is
regured 10 overcome strong forces of repulsion between the nudei.

Fission Reactor for use in 2 Power station

Key points: - ~ .
o In nudear reactors, by the fission of Uranium nuclei huge amount of W s
obtamned n the form of heat = ‘f\‘%

o The neat produces in the nuciear reactor, is used to produce steam in the d
» The steam s then used 10 dnve turbine & 5
o The twrbine rotates the generator, whch produces electricity. o

The biock deagram of electnoty generation s descnbed

PeuCenr Enerpy —>» Swaminegy  —)> | KineticEnergy —> | Bearicad Energy

Nuiear reatior Boder Tabine - Generator
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STAR FORMATION:

A termed out of cloud of cool, dense molecular gas. In order for it to become a potent
star 1s fomed oul O U . J , t
1~ o4 neede 1o collapse and increase N density. ) 7 _
B Y s it can either collide with another dense molecy)yy a4

al Goud o

here are two common ways this can happen: ,

:;f t.nnr:-:r rt:oucsp':o earzcounler the pressure caused by a giant (Sjugern;)va. Several Stars can bg pon
at nee with the collision of two galaxies. In blqth ca;es_ heat is needed to fuel this reaction Which comen
o e mutual aravity pulling all the matenial inward.

;..)m the 1 .u.b.f!&r).“\l;)dﬂcﬂen%ﬂm upon the size of the newborn 'slar; cqlled a prostar. Small prostars g
never have enough energy to become anything but a brown dwarf (think of a really massive Jupher) &
h'..’_:v&\ dwar 1s sub-stellar object that cannot malmvﬂm high enough thl1pera(ure§ to perpetuate hydrogen
fusion 1o helum. Some brown dwarls can technically be called stars (_jgpendmg upon their chemcs
composition, but the end result is the same, it will cool slowly over billions of years to becoms the
hackground temperature of the universe. _ o |

Medium 1o large pro stars can take one of two paths depending upon their size: if they are smaller thay
e sun they undergo a proton-proton chain reaction to covert hydrogen to hehum..lf they are larger than
the sun, tfm'y undergo a carbon-nitrogen-oxygen cycle to convert h‘ydrogen to helium. The difference s
e amount of heat involved. The CNO cycle happens at a much higher temperature than the p-p chan
cycie

Whatever the route - a new star has formed.

The We cycle of a star is dependent upon how quickly it consumes hydrogen. For example, small, red
dwar! stars can last hundreds of billions of years, while large super giants can consume most of ther
hydrogen with comparably short few million years, Once the star has consumed most its hydrogen, it has
reached its mature state This 1s how a star forms,

'&lgbr.K‘

Bipnmd o
vhal happens

|
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