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Measureimnent
1.1 Units Of Measurcement. ‘
L. In Physics, there are three fundamentals or basic quantities which are “very -
important. ' _ -
y 2. The three quantities are length, mass and time, B
We use a metric system of measurement called the International -System . of

. Units (S.1) to express these quantitics as shown in the following table:

- ,Quantity S.IUnit | Symbol
Length [ Metre M
Mass Kilogram | Kg
: Time “ | Second | S-

1.2 Length

Besides the metre, other units used in measurlng length are the kilometer (km),
centimetre (em) and millimetre (mm). They are related in the following way:

lrn OOOII\m ) . i =
. ,-lm_'IOOCm N
~ Im=1000mm .

- - TKID=000m |
R =an‘1 . T
“lmm. =0.00lm . -.

The instruments used in measunng length with the smallest possible -

readmg they can maJ\e are shown n the following tablc

= I Instrument o 'Smallest reading

~ Ruler. 0.1cm

R - |vernier calipers ' 0.01 em
’ micrometer screwgaugc | 0.01 mm

(a) Ruler N —

The correct way to read a ruler is to position the eye vertically above the mark on the
scale that is to be read. This is to prevent parallax error.

LT,

4‘ = ~ 7

5 , . .
A ’rf ‘/f/ s s, e ae s EIC I

s
Iy
Fi

(b) Vernier Calipers
Example

First, read the mairi scale reading just before the zero division of the vernier scale. Here, i

'
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. it is°12.2 em. Then look for the vernier division which coincides with the main scale. In

this case, it is the 7™ division or 0.07 cm. The - final reading is
(122+0.07)cm =227 cm. ~ - - ‘
o B ¢ ; )
| ! |
? e sy e TR BT ) .
AEEENERE -
10 3
- LIom {3 o .
- | | ; _ _
- RN !
1 HENEEE
0 3 ot _ -
= (c) Micrometer Serewgauge
3as. The divisions above the main axis of the micrometer screwgauge correspond to .
_%EM “millimetres (1.0 mm; 2.0' mm, 3.0 mm, ... ) while- those below correspond to half-
282 millimetres (0.5 mm, 1.5 mm, 2.5 mm, ...). |
o= A . \ ) .
§—§% Example I __ ; : . . A
At Get the approximate reading on the main axis, i.c. 3.0 mm. Read the thimble reading, i.e..
: 'Q the 47th division or 0.47 mm. Therefore, the final reading is (3.0 + 0.47) mm = 3.47 mm.
= . ' Y _ S sy | N
: ol
Example 2 - o =
. | =g
—_—
o Get the approximate reading on the main axis, i.e. 7.5 mm. Read the thimble reading, i.e.
the 24" division or 0.24 mm. Therefore, the final reading is (7.5 + 0.24) mm =7:74 m
TP =i
L] = s
b I:|
=1
=g
s
—_—2
Qv
25
2y
- G
EE
Zlen
0; r%-‘t
e youtube.com/c/Megalecture/ - .
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1.3 Area And Volume
&8 ol v :

he S.L unit for areq is the square metre i °

Another unit for arey

_ - The area of

formulae:

e @

A is the square centimeter em?,

regular  figures can  be

calculated by using the following

Arca of

Formula

square length x length

Rectangle length x breadth
Circle  (radius)?

The S.I unit for volume is the cubic metre (m‘)

Other units include the CUblC centimetre (crrr'), the milliliter (mt) and the

litre (7). A -
. Im’ =1000 000cm® _or ) 1cm3=o.ooo 001 m’ )
= Im’=10001 Tor 1 =0.001 m* -
lem®*=11

T L R The volume ofa llqmd is obtained by using a measurmg cy]mder

e The volume of a regu]ar solld can’ be obtained by ca]culatlon usmg the - _ i E
‘ followmcrformulae U E L A 2. : : :

Volume of” [Formula N GEREY A o ' o
ube - : g Jlength X lqu_th % length
""rectangular block- - - JlengTh x breadth x height - _ '
e /..?‘;phf’r»c : g s / A r x n(radius)?

The volume of an lrregular solid can be obtamed by the dlsplacement method. Flrst
* pour some water into a measuring cylinder and note the volume, V1. Lower the solid
. Into the water and - read off the' new volume,

. V5. The volume of the solid will then be =V . =
14 Mass

The mass of an object is the measure of the amount of matter in it It remains
constant regardless of where the object is.

It can be measured by using a lever balance or a beam balance.
~ - Besides the kilogram (kg), another unit is the gram (g). '

vottiubhe com/ Lecture/
YOUtUE‘;;%rgé C%ggizg Scanned by CamScanner
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° o 1.5 Density er unit volume.
T Densiyofa W%@Q@ﬂﬁtwamm p
) - Denstty =3 hme
omer unit is gram per cubic c.cnhmelre

The'S.L unit is kilogram per cubic metre (kg m"). An

(gem™). - ' . - - h
L3600 i
~.lmin=60s ShE 15 , :D—‘; “j?__“
lh ) 6Drmﬂ F Or__ 1 mJn _’Ej_ h et
lkg 11'1'3=O.Olcm-3 orlg cm™ - lOOkg m” -

“ To  find the density of - a solid, y'e do " the following:
(@) Find the mass of  the solid using a beam “balance

(b) Obtain its volume.
(i) If it is a regular solid, f'nd its volume from calculation usmc7 thc formulae

—

stated in-Section 1.3
(i) If it is an irregular solid, find 1ts volume using the displacement method.

- ~ (c) Calculate the density using the formula

mass
Density =
. . volume
1.6 Tlme .
Besides the second (§) other units for tlme are the hour (h) and the minute (mm)
- = )
lh, = 3600 s or Is | 3sooh
1min = 60 s or Is = Zmin’
60
| I - 60 min--— —or Imin_—= ~h |
. _ 60

Devices for measuring time include clocks. Stopwatches. Ticker-tape timers and the

pendulum.

The ticker-tape timer makes 50 dots in one second on a paper tape. Thus the time interval

hetween two consecutive dots is 1/50 s or 0.02s,
The period of a pendulum is the time taken for it to rnake one complete oscillation. This
period is dependent on the length of the pendulum and not on the mass of the bob. The longer

the pendulum. the longer is its period.

Speed, Velocity and Acceleration (2)

+ Speed is defined as the distance travelled per unit time.

o Velocity is defined as the distance travelled per unit time in' a given direction
o The S.I unit for both speed and velocity is metre per second (m S-").

youtube.com/c/Megalecture/
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Another unit is kilometer per hour (km h*')

o Acceleration is' defined as the rate ofcﬁungc ol velocity.

o The S.Tunit {or acceleration is meter per second squared (m §7).

o Acceleration can be positive or negative, Il the velocity of an object is increasing, its |
acceleration will be a positive value. [Tits velocity i decreasing, its accelc‘ration::vilhl

be a negative value,
e A negative acceleration is also known as deceleration or retardation..

2.2 Calculations ,
(a) Boy cycles 300 meters in 40 seconds. | ] ‘ '

Speed of the boy ==t L o o

- 300 : P o= v .
— A A

=7.5ms"

(b) The boy accelerates uniformly from™4 ms” to 10 ms™ in 3 seconds

_Final velocity—intial velocity

e e —————; e e .
S LU S

His acceleration = _ -
] ‘ e, Time taken ! b in
g R g S :
" to a stop in 8 secorids. .

(@), He then decelerates .unifom}ly frp'm t0ill 5 .

" . Final velocity—Initial velocity ;

His acceleration P i
:.0-10
8 .
P . _2

=1.25ms
- - E c=1.25ms> ' =5
ia . -§ .‘;i
St Al
“3ox
=

2.3 Speeds;Tiﬁle é;éph 7
oA speed-time graph p
~— 7 75 The following show the different types of moti

lots _‘the‘épgerd of an object (y-axis) against time (x-axis). -
on as represented on a speed-

time graph.
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Object is moving with
non-uniform
-acceleration (decreasing rate).

Object is moving with
non-uniform -
- acceleration (increasing rate).

From a speed-time graph the following quantmes can be determined. ===

(a) The speed of an ObjF'Ct af any time can be read off the graph.

(b) The acceleratlon of an object at any time can be found by calculatma
‘the gradlent of the graph at that point in time.

'(c) The distance covered by an Ob_]CCt can be found by calculating the

area under the graph..

Worked Example ‘.
oo The speed-time-graph ofa,SpOﬂS.GaLi&ShOWILOHJhﬁ 14|

Find
(a) the acceleration of the car in the first 20 seconds,
(b) the deceleration of the car in the last [5 seconds,

(c) the total dlstance travelled by the car.
Speed (m/s)

Nofdtan:

(n. A+ ieration =Gradient ol graph for first 20 seconds ,

30-0

—
-

20

youtube.com/c/Megalecture/ e
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= 1.5ms™*

b) Acccleration _ 0-30
‘ 15

i | = 2.0 ms™
: o Decl_cration.: 2.0ms = 2

- Deceleration :
(c) Distance =Area under the graph (\\'hICh is a trapezium)
T > M
Note: The last answer is in meters because in the graph, the speed is plotted

inms:and the time in seconds.

2.4 Gr: wmtlonalAcceler'mon (2) S
* This is the - acceleration with which all objects fall when unsupported.

-]
Such a motion is also known as free fall. This acceleratlon is the same for all falling

objects regardless of their masses. .

o ltis aconstant near the surface of the Earth and has a value of approximately 10m S7

A falling object; not subjected to air resistance, w1]] increase its speed by [0 m S

L évery second The dlagram on the rloht isa speed -time oraph for such a falling object.

—

.‘J-,..‘__; ‘r;___ . B

f !
] -
4
< LA
.-/ i
P ’A:——- I.’:J.cdi: Ef:_,j{:‘z
0oL )
| et o
] [ime (s) -
Object fzlii 1'1" w'n o :mes.sn.me :

2.5 Termma] Velocnty

e When objects fall through air, the
" down their acceleration.

e -Air resistance is dependent on two factors
_(a) The surface area. of the object the

y are always subjected to air resistanice which slows

larger-the- surface -area,” the- greater—the~air™

- —

. resistance.

(b) The speed of [he object; the faster the obJect the greater the air resistance.

As an object falls through air, it is accelerated by gravity and its speed increases.
This implies that the air resistance acting on it also increases. When the air
resistance becomes equal to the obJects weight, the net force on the object is zero
and it will then fall with a constant velocity known as terminal velocity. The
" following graph shows how the speed 01 such a falling object varies with time.

(Read also Section' 4.3.)

youtube.com/c/Megalecture/
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'(3) Mass, Weight And Centre Of Gravity
3.1 Mass And Inertia
) In Section 1A, it is stated that mass IS a measure o
ary from place to place.
a of an object is the tendency of the

ant speed dlong a straight

f the amodnt of matter in an object

~andisa constant, that is, it does not v

. Anything' with mass will possess inertia. Inerti

"“object to remain at rest if it is stationary or to maintain const

line if it is moving.

. The greater the mass, the greater is tie inertia.
3.2 Weight

- The weight- of an

The S.L unit for WBight is the Newton (N). -

‘object measures ‘the force of gravity  acting on it

The spring balance ié_used to find the weights of objects.
The weight of abody is obtaincd from its mass using the following
Equation . ' '
Weight ('W_) =mg -
~ “Where m is the mass of the object in kg and g is the gravitaﬁonal acceleration in m s-,
Worked Example
Find the weight of a book of mass—1-5— kg on t
Moon's surface. -
Solution: _
On Earth's surface, g=10m s?
. Weight of book =1.5 x 10:: 15N
On Moon's surface, g = 1.6 m .S !
.. Weight of hook & 1.5 X |.6=24N

he Earth's—surface—and—on- the

3.3 Centre Of Gravity (Centre Of Mass)
o The centre of gravity of a body is defined
of the body seems to act.

gular object, this point is at the centre
arge, the centre of gravity 1s

as the point at which the whole weight

of the object.

o Forare
also the centre of mass.

« Ifthe object,is not t00 I

3.4 Stability
e Stability refc
An object is stable if when it is displ

rs to an object's ability to maintain its original position.

aced s position.

lightly. it returns 1o its initial

f .
youtube.com/c/Megalecture/ e
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n.s centre of pravity s

point. |
S5 il the  lowesy

Q ) l]hl If l]l [h Sll h[ Kl ““” } ” “‘[ l)' ove JI ”,
1 (15U¢ Yy

implies lhdl its centre of gravity is too high,

o The stability of an object can be-mcrc(nsc[:l b
(a) lowering its centre of gravity '
(b) increasing its base area. ’

(4) FORCES -
4.1 What Is A Force?
» A force is a pushora pull.
e Forces can do the following: =
(a) -They «can change . the shape and size of a~  object.
(b) They can cause an object to.accelerate.
(c) They can change the direction of an object's motion.
e The S.L unit for force is the Newton (N).

42HookesLaw s » — :
i “For any elastic matenal that obeys Hookes Law. the ettens:on produced
~in the _material (e) is dlrectly propomonal to the force.apphed (F). provi

_the limit of proportxonahty is not exceeded Mathematlcally, this means

Foe -

' Wrxtten in equatlon form thlS is:

. l _F:,l_‘g:-:

S -

shown - on the nght The 11m1t of
oduced is no longer propomonal to

“Where k is a constant :
_ The graph for a material obeying ] Hookes Law is’

k- proportlonahty is the point beyond which the extension pr
the applied force. It is shown on the graph as point P. -

Extension . : P
L __/_#k/‘""")/
=== ] |
i //g
[‘ 4
I
1/ _ Force

applied

’ . . ~ ] ) PR ) o .
s Animportant application oI Hooke's Law is the Spring balance

' /
Worked Example o the exter)sion produced

A spring extends by 2 em W
whena 15 N load is suspended on it.

hen a load of : O _is hung on it. Calculat

youtube.com/c/Megalecture/
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Sol Lit ion: = .
For q force of 10 N lhe extension is 2 em.
] F ke = :
= k(2)
Bt k= 5 Nfem
.. For a force of 15 N, extension, & = % B
- _ 15
- - "5_ -
i =3cm -
26

4.3 Newton's Second Law
Newton's Second Law states that whenever there is a resultant force F acting on a -

ass, the mass will accelerate. In equatlon form, it reads:
; F=ma

Where ln is mass in kg and a is its acceleration in m S-2.
e From the above equatlon it can be seen that when there is no resultant force acting on
an Ob_]eCt there will be no acceleration. This means the Ob_]CCt will elther remain at

_ . restor move with a constant velocnty
- o If mass is kept constant, then the acceleration produced IS directly proporﬁonal to the
resultant force acting on the body. : =

—

- Worked E.xamp!e
Find the acceleratlon onas ko mass while it is subjected to a force of 24
~ Solution:
F=ma )
'
=a=—
m
S ) 24
A - | - 1
4.8ms™?

~'When an object moves 1 a circle with a constant speed, its direction of motion is always
_chahging’This means that its velocity is always changing which implies that there must
-~ e amr acceleration. By Newton's Second Law, a force is required for an acceleration. This

force which keeps objects in circular motion is called centripetal force. It always acts
' the

towards
centre of the circle.

1
ot G X

v

4.4 Resistive Forces
Friction and air resistan
oppose the mation of objects.
' Worked Example
: , Find the [rictional force f= acti
. pulled with a force of 12 N and accelerates at 2.5mS>

ce are resistive forces and they act in such a way as to

3
MO AL Bt PRI LN

ng on an object of mass 3 l\g, when it is

youtube.com/c/Megal.ecture/ e 7
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Solution:

From the di
i
ByNewto Saoram the resultant force -on the object i
n's Second Law the resultant force =ma ject is. (12 - f)

- 12-f=3x25.

f=12-7.5 R
L f = 45N

STy Deﬁnmons And Units -

The moment of a force about a prOt i
dlstance between the mvot and the ]me of actlon of thc fowe DRI T 5 o

s the: product of the force and- the pexpendxculat R

M'Ome'nt"—j Force X:Pe‘rp_endlfs_ular.»dlstangg. ,' 3 D

.—x:.

: - The S.I unit for momén_ts is the Newton-metre (‘Nm_)'. o
. Worked Example 3 & S e _» B _ ,
Find the moment aboutP from the glven N, S e

o

Ty
Dia gram
Solution:

Moment about P = Force X Perpendlcular dlstance '

—ox08—48Nm

5.2 Principle OfMoments
. “The principle of mome
clockwise moments must be equa

o be in equlhbrmm the sum of all

nts stares that for a body t
moments.

l [Q the sum of all anti- clockwise

Worked Example '
shown if the diagram 0B the right. Find 17, the

A ruleris balanced under two forces as

weight of the ruler.

e youtube.com/c/Megalecture/

e

(5) Moments - _' PRy
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(12 m 0 m
A _
B _____f_,_,___'—_——f-——’—""(j —
:________f_"—-ﬂ—’—’—-i-———'— ‘/,\ ] ‘ )
- = . : I )
y - 10 N7
1"
o
Solution: - 4 . iy
Taking moment about G, clockwise moments = anti-clockwise moments
] 10 x 0.4=
4
W =—=20N

0.2

_ Work Energy And Pow er (6) . _ U -
TR R ¢ Work ‘ '
4 - Work IS deﬁned as the product of a force and the dlstance-moved in the dlrectlon of the force
In,equatlon fOrm, 1treads_, g, ' i ’
Work =F x d
L — _'_—' Where is the force In Newton’s and d is the distance moved in the dxrectlon ofthe force in
g *Mmetres. (Do not confuse this equation with that for moments!) s -
' The S1. umt for.work is the Joule (1). ‘

Worketl Emnp[e -

A girl uses a force of 80 N 'O carry a pall of water up 2 metres. Fmd the work
done. :
Solution: -
T Work done —_— —F— S, SE—
= 30 - X " B
. =160 )
-6.2 Energy

S Energy is defined as the capacity to do work.

o The S.I. unit for energy is the Joule (1), S|m1lart that for work.
When work is don

nn n
1 vlul.l\. \.I\Jll Wik 1 B \JUJV

does work, it will lose energy.

o The Law of Conservation of Energy states that energy cannot be created
or destroyed. It can only be converted from one form to another.

o The various forms of energy are': heat, light, sound, electrical, solar, wind,
geothermal, nuclear, kinetic and potential energy.

6.3 Nuclear Energy

e Nuclear energy can be obtamed through two processes: nuclear fusion and

nuclear fission.
(a) Nuclear fusion

” ‘yo‘oto_be' .com/C/i\/IegaLe'ctureA/ ‘
+92 336 7801123 Scanned by CamScanner
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This is the process \\'Wl'lm?l%%l%cﬁg 1I;Ler((1:((?lm arc fused together to .

form a larger nucleus and in the process releases energy (in the form of heat and -

light).

(b) Nuclear fission ' Y
This is the brocess in which-the nuclei of heavy-atoms break up into smaller  ° o
nuclei, thereby releasing energy. . )

e [or both ptocesses there will be a loss in mass in the:final nuclear products and this
"lost mass' will be converted into nuclear energy. This energy (E) can be calculated

b}

using the following formula: —
E=mc’ ' : : :
Where 1 is the 'lost mass' in kg and c is the speed of light in ms i : .

Worked Example . : . - L '
" Calculate the cnergy produced by convertm g of matter info energy. o
Solution: ~
1 g=0.001 kg - _.‘
- Energy =mc’
C o= 0.001 ; X 3 X N2
_ o 9x10”—J SR ; ket A P
6 4 K]I‘l@t]C And Potentlal Energy : ‘ -
§ L Kmet}e- eneroy (KE) i fhc eneray possessed by a movmo object and can‘ e
. befoundbyusmgtheequanon ' o S

" Where m is the mass of object in kg and v is its velocity inm S-7,

Waz /ced Emmple , . i
Fmd the kinetic eneroy ofa 2 kg mass movmg at 5 m S- :

Solutton g RO
KE -mv
T 0. A o
=
=25J

Potential energy (P.E.) is the energy an object has because of its position or height above
a reference point in a gravntatlonal fi eld It can be calcu]ated from the equation: :

P.E.=mgh
- Where m is the mass in kg, gis the grav1tat10nal acceleration in‘'m S 2 and & is the hewht

in meters

A second equation for potentiakenergy is:* -
PE.= weightxh .~ ,becausc weight =mg
Worked Example :
Find the potential energy of a 2 kg mass. IO metres above the ground.

youtube.com/c/Me'gaLecture/
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Solution:= Lo | ' -
' PE. i . T ‘ mgh
=xioxl0 - ' -
=200 J. . ) . . .
B i qstant interchanige of potential and kinetic energy

Ina swinging pendulum, there is a conste

PE-KE-PE .

max P.E. max PE
—=gcta K.E. “s’ zor0 K.E o 3 B
R Jebie, zero PE, max K.E.
AR 5 Power . .
o S Power is deﬁned as the rate of doing work. In equation form, it reads:
2w L _ ; Workdone ' -
_ S Powr =

" Time ' =

The SJ. unit for power 1s the Watt (W)

' Worked Example
"~ A boy uses up 200 Jofenergy in5 seconds Find his power output.
oo - Solution: R
200 J of energy used = 200 J of  work done
—__ . .A = ~_ Workdone. )
Powr = .
Time
_& = 40W
==
6.6 Efficiency : - _ :
ated using either of the following

The efficiency of a system can be calcul

equanons.

Energy output
Efficiency = m x 100%or

Power output |
B o T x100%o0r
Efficiency Power imput

youtube.com/c/MegaLectUre/
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Pressure (7)

7.1 Definitions And Units
- o Pressure is defined I i ;
e as the force acting normally per unit area, | i i ;
S. . In equation form, it &
. ' Force L S | E
. Pressure = £
l i i
. The S.1. unit for " " :
pressure is Newton er met
re squa I
T e e ) I quared (N m"). Another name for this
1 Pa=1 Nm? ' ﬁ

The other units for plessure mc]ude mm Hg, cm Hg; bars, miilibars and atmospheres.

» The pressure due to a solid depends ont
_on which itacts. The smaller the area, the larger is the pressure.

he magmtude ofthe acting force and the area

id at rest depends only on the depth and the density of the . -ij;£

T T T T TR T
eI EE T

e The pressure due 102 liqu

11qu1d The eqnatxon for lquId pressure is:
o ‘ o Pressure = hpg ,
pth of hqmd m n, p IS densxty of lquld in. kg m'7 and S is gravxtatlonal E . oA

=

where h is de
acceleratlon m m, S

' WarAed E \ample e e S
' Calculate the pressure at the base ofa5 m deep swnmmmg pool

So[ufwn o o b & :
Assummg that . the water has a den51ty OA—T 000 ko m " and g =10 m S'
pxessure—hpg - Co :
=5 %.1.000 % 10 —50 ooo Pa . 2 ’_; '._15j SR S TR
The dev1ces that can measure press'iir"éi are (be barc_‘)metér"and.'
the_manometer Ll el L A ST ’
72'Barometers' S ‘ »
The sxmple mercury barometer js an mstrument for measurmg atmospheric pressure. It
d with mercury placed vertically with its 4

mercury , column in the

ed ‘thick-walled g}ass tube- fille
he height of the

consists of an  invert
ary in a a dish. T.
e is slightly tilted, this helght

—open-end” below the’s
tube {) gives the at

urface of | mercu
remains

mospheric pressure If the tub

unchanged. -
c - '/-ﬁ' . R -
L yaCcuUl
Z
I
{
i T !
| i
marcury —
) | S i

- ;' .
eiic peghl

~J; - barom
sure is about 760 mm Hg.

The normal atmospheric pres

youtube.com/c/Megal_ecture/ st
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" Ma"rll“he If-tube m'mometer is an lgstrument use g%measure gas pressu
b e C

W
One arm of the manometer is exposed [Q air
ure is to be determined.

hile the other is connected to the gas
’ - -

_supply whose gas press

~ Case-l ' o
If the mercury columns in both arms are at the same horizontal level. then the gas is at

atrnospheric pressurc.

Case 2 - N
‘If the: mercury column in the arm connected to the gas supply is at a lower level then the gas |

prcssure is given by:

- Pressure —Atmosphenc pressure + Helght d:fference between the two columns

- Worked E: vample _ ' ‘
Determine - :the_a " pressure  of - the’ - gas supply —  in
the dxagram on the I'tht - o - - ' :
Sqlutzon. . '

Pressure =760 + 40

- =800 mm Hg

........

Icl;a‘ifl-g ercury column in the arm attached to the gas supply is at a higher
e m | |
by: -
the gas pressure is given |
el e Atmos;)henc pressure - Hetht difference between the two columns
Pressure = . ‘
Worked Example f e e - spply -
Determine the pressure 0 “ i
the diagram on the right. |
Solution: .
Pressure =760 - 80
=480 mm Hg
youtube.com/c/Megalecture/ L
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)

7.4 ISOb‘lIS And "Wind

o Weathe
L r maps show the air pressure on the Earth's surface. .

. Isobars are lines on the v

veather map-joining pl
ace
. pressure ‘p-_t g places on the Earths surface having

» Pressu

e re gradient measures the drfference in pressures across two regions. If the

ifference is very large, the pressure gradient is high.

L ]

~ Winds blow from a region of high pressure to one of low pressure When the pressure

_ gradient is high, strong'wivnds__yyilloccur

: Scalars An,dVector s(8) - ' I SR g
e ”Scalars are quantmes w1th magmtude only g g v
. .E\amples of scalars are mass, drstance speed energy and power
L -Vectors are quantltles whrch have both magmtude and drrectron
e Eaamples of vector are velocrty acceleratron force and wetght
s Addltlon of vectors is performed throu0h the use of a scale dracrram

Worked E\nmple :
Fmd the resultant of two forces

7 N and 3 N actmg at 4S° to eaeh other

=z Solutzon BT e ,
Choose a smtable scale Draw the two component forces 45 apart usmg the chosen scale
ides of a parallelogram Complete the parallelogram by means of

m to obtam the magnitude of the

. sueh ‘that they form two s
dotted -lines. Measure the dlagonal AS of thu parallelogra .
/#‘,,/

resultan_t force. - ]

| /’
QN N

By measurement; lcnvrn ofA8=933cm )

Thus.. resultant farce is 9.35 N. ' _
By _measurement length or-AS - 9.35 cnt-
Thus, resultant force is 9.35

[
youtube.com/c/Megalecture/ et
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9.I'Intro&uction :
. The -kinetic
(atoms, molecules 0

o The evidence to sup

(a) Diffusion
This i

co
of gases t0 fill up an

(b) Brownian motion

Heat And Temperatu
10.1 Introduction
Heat isenergy
Temperature
chosen scale.

10.2 Measure
The instrument Use
« A thermometer requ
a) a thermometric prop
b) a temperature scale.
c) two fixed points on

d

15 ER 10k

Amapeap|mitiaa

&

YOutube.c
+92

WWW
.megalecture.com .

theory of
rions) W
port this theory are:

s the movement 0

ncentration to 0n€ O
entire container.

~— This is the random, h

which flows from a
is the degree

ment Of Tempera

ires three tljings:
erty, i.c. a property t
b =

the chosen tem

Le
ctures, Notes & Past Papers visit:

m particles
otion. 7

malter proposes that dll matter is made up of tiny
ant random m :

hich are in const

-

a-region of higher

ubstance from
d from the diffusion

f molecules of a S
an be observe

f lower concentration. This ¢

s observed in a smoke cell. It

cle
domly with

otion of smoke parti
hich are moving ran

aphazard m
molecules, W

imagining that air

2
=
B ¢ Y P
gk cz.m be explained by :
Bt different speeds, are golhdigg with the smoke particles.
-8 9.2 The Three States Of Matter _ :
e - 0 . . - . . -
15 - The following table highlights the main differences between solids, liquids and gases:
a2 . . - " - .
_ = Solid . _ Liquids. . Gasess =
55 o .'Deﬁ‘mtc shape and volume Definite volume, N0 definite | No definite  shape and
= A ~ |shape . o volume -
:"s'.”; Molecules _vjbrate about a Molecules vibrate and also Molecules move freely and
5= 'ﬁxed mean position ] move freely in the liquid randomly at high speeds.
Intermolecular forces are Intermolecular forces are IS Intermolecular forces are
| very strong-— =~ lightly weaker than that in | very weak
' solids _ '
e . - .
—Separatlo;p,_———between, ‘Separation__1S_ -about the 'Sep_aration is about 10 times
molecules is small. same as that in selids. further than that in the other
: two states.
re (10) |

otter body to @ celder oné.
coldness as

a

h
measured On

of hotness OrF

ture
e is the thermometer.

for measuring temperatur
hat varies uniformly with temperature.

perature scale.
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Some thermometric propuues inMwiw.megalecture.com
(a) expansion of a fixed mass of liquid, ¢.g. mercury.

(b)  expansion of a

ixed  mass  of  gas

(c) electrical resistance of a platiniurn wire.

(d) voltage of a thermocouple.

at  cons . ram  pressure.
Qo 0 i B

Two temperature scales, the Celsius scale and the thermodynamic scale, are most commonly
used. The differences are shown in the following table:. - ‘

n

Celsrus seale

Thermodynamic scale

} mﬁt

| Degree Celsius ( C)

Kelvin (K) -

ALt
oo\ 4

Fixed Point (a) The ower fixed point | a) The lower _fixed point
is the meltmg pomt of pure | is the absolute = zero of
water - temperature (0 K). This is thé
(Goe). lowest possible temperature

of a substance.
i g CeIsrus scale < 4y~ .| Thermodynamic scale a
e (b) The upper fixed. pomt 1s_‘ j(b) The, upper fixed pomt is

-, | Fixed Point

| the borllng pomt of - pure |-
water at atmosphenc pressure‘

.. (IOODC)

the tnple pomt of water |’

(273 16K)

o Temperature in K Temperature in °C + 273 ’

o5 ‘What are the correspondmg temperatures in- Kelvm for

o 0K ~273°C-
Warked Erample :
.' Solutzon ‘ B
0°C - = ! ) (O

1000 (= (100 + 273) K "373 K
- For thermometers usmg the Celsnus scale,

-~ temperatures using anrunmarked” thermometer '

é 29=%o $<100°C where Xg is the propcrty at the unkn

X100~ X0

X 00 is the property at the upper fixed pomt (lOO C)
Xois the property at the lower fixed point (0 C)

Worked Example

The bulb of 2 mercury-rn -glass thermom
liquid X. The lengths of mercury threa

eter is placed i

* respectively. What is the temperature of X7

Solution:
50-20
Temperature ofX 170-20

d above the bulb are 20 ‘mm,

O°C and 100 C‘7 '

we use the followmg equatlonto measure

own tem perature,

n turn, in melting ice, in stearn and in
170 mm and 50 mm

youtube.com/c/Mega'Lﬂécture/
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= 2006
A sensitive thermome
-property for a small chat
+ The range ofa thermome
The following ar¢ a few types .0

arge change in its thermometrie

~

= ' ; ter is one which gives 4 I
1ge in temperature.

ter refers to the range of temperatures i
are commonly used:

{ can measure.  ~-

. f thermometers which

~ (a) Mercury-in-glass thermometer
This thermometer Us€s the ove .the bulb to
determine temperature. It can be
(i) be more sensitive by

(i) respond more quickly by

length of the mercury column ab

made to
tube with a narrow bore,

using @ ca.pillary
having a thin-walled bulb.

(i)) Clinical thermometer -
in-glass thermometer but it has the

It uses the same thermometric property as the mercury-
from . 35°C to 42°C.
he mercurcy

following features.
(i) -It. measures .a
(i1) It has a constriction just above the bulb o
- from falling back into the bulb.  _
" (c) Thermocouple R
A thermocouple consists 0
two junctions. If'the two 'junctions are

short ‘range -of temperatures,
f the thermometer to prevent t

f two wires'made of different metals joined together to form

placed at different tempefatﬂre?,’fhen an electro-

ok s

N : motive force will.be set up.
: - ‘The voltage of this elgétro-mOtivé force is proportional to. the tempéramre, difference
be_tween_the two junctions. '
The advantages of a thermocouple are
(i) It can measure rapidly varying temperatures.

(i) - Itcan measure a wide range of temperatures from

10.3 Heat Capacity

(i)  Heat capacity is defin

" temperature of asubstance by I K.

(iv)  The unit for heat capacity is Joule per Kelvin (J K.

(v)  Specific heat capacity is defined as the amount of heat energy needed to raise the
temperature of 1 kg of substance by [ K. '

(vi)  The amount of heat energy absorbed or T€

' (a) specific heat capacity of the substance, ¢

(vii) (b) mass of substance, In?

(vii) ~ (c) change in temperature, 68
0=mchd

-as follows:

-200°C to 1500°C.

ed as the amount of heat ener "y rféi:iu_irﬁédutéur'aise'_the

leased (Q) depends onm:

(either measured in "C or K)

Worked Example . - o
’ d to raise 2 kg of water from 20°C to its boiling point, given

How much heat energy is require 1
42001 kg K7

that specific heat capacity of water1s

Solution
AG=100-20 =80°C
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1leat eneruy required =ncA

& . 2 W 4 = ’
7 200 :
=672 0001 u S ¥
10.4 Latent Heat ° e
When a substance  undergoes ° g change of state

(a) its lemperature e remains constant, -
(b) latent heat is given off or absorbed by the substance.
(a) Specific latent heat offusron o
» Specific latent heat of fusion ofa substance is the quamlty of heat required to convert
‘a unit mass of that substance from a solid to a liquid without changmg its

temperature.
o The S.I unitis Joule per kﬂ'ogram ( kg™. o o '
o Thischange of state is also known-as melting. ' )
o The temperature at whrch this happens is termed the melting point of the substance.

n0 the latent heat is taken in to overcome the auractive forces
les can break away from the Jattice

+ In the process of melti
between the molecules in a solid so that the molecu
" structure and attain some freedom ofmovement ' ‘
S0 When  the substance i"'" changed from a liquid to a solid. latent
_heat is re]eased and thls process is called freezmg T R ; C
: . o PR meltmg (Heat absorbed)
- SOlLd Freezmg (heat gwen out) quuLd

(b) Specific Jatent heat ofvaporrsatron
s Specific latent heat of vaporisation is the quann
liquid- ~ into © vapour '

ty of heat requrred to chanoe a umt mass of
without ' chanvmg A the.

temperature .
e TheS. l umt isalsoJ .

e ~ This process is also ca]led borlmg | - ,
"o The temperature at whrch rhis occurs is known as the borlmg pornt of the substance

— —eIn the process of boiling, the latent hear iS absorbed to overcome the mtermolecular
forces of attraction in the quuld and also to. enable the vapour to expand against -

_ .
changed from 2 'gaseous St
alled condensation. -

e When the substance is. ate to 2 quurd stare latent heat is

given off and thrs process isc

' boiling (heat ubsorbed) . ]
. ilqllld ) . . 2as
condensation (heal given oul)
' ' ion of a liquid t€ 1 esults in the further
Evaporation also involves the conversion of liquid to a §as which results 1

cooling of the liquid
o The'd'istances between boiling and evaporation‘_’are listed below:

youtube.com/c/Megalecture/
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o O
Evaporation o _ ° o~
Boiling A )

Occurs only at the surface of | Occurs throughout the

the liquid | whole liquid i
Occurs at any temperature Occurs at a fixed

) ) tempermure '
No bubbles are formed Bubbles are formed
' : within the liquid J

+ The factors affecting the rate of evaporation are as follows:
(i) The temperature of the liquid; the higher the temperature, the faster the rate.
(ii) The surface area of the liquid; the larger the surface area, the faster the rate.
(iii) The humidity of the _u ounding air; the higher the humidity, the slower the rate.
(iv) The presence of moving air above the liquid surface In calculations, the following

equation is used:

— O=ml

Where Qis the heat released or absorbed by the substance, m is the | mass of substance and ]ls
the specific latent heat of vaporisation or fusron

10.5 Transfer OfHeat
Conduction, convectlon and radiation are the main ways in which h

(a) Conductron - _

o This is [he process by which heat energy is transferred due to vrbratron of partlcles

about thelr mean positions (lattice vibrations).
Good conductors are used where heat has to be readily transmitted or removed

Poor conductors or insulators are used to prevent heat loss or unwanted heat gain.

" Solids are much better conductors than liquids or gases. Metalsare good thermal .

conductors while air is a poor conductor. Good insulation can be achieved by trapping

—a layerofair-between double-walled surfaces

(b) Convection o :
o This is the process whereby heat is transmitted from one place to another by the

movement of heated particles in liquids and gases.

is heated becomes less dense and rises while the colder,

o The part of the fluid that
i the fluid.
denser part of the fluid sin n currents in the
J Apphcatlon of convection currents:

e (i) Hot water system (i) Land and sea breezes

o (c) Radiation
This is the process whereby he

ks. This sets up convectio

ic waves.
at is transferred in the form of electromagnetic ¥

youtube.com/c/Megal ecture/ e e
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Such radiant heat does not require a medium and hence ¢

can travel through va
cuim.
When radiant heat falls on a surface, it can be reflected or absorbed,

depe ,
type of surface: pending on the

3 Dull, black surfaces are oood absorbers and mdmtors of heat. Shiny smooth surfaces
, are uood reflectors of heat. - -

- . -

—

o e | 41 ne r A e
' " insulating iaoper

.....

== 1 v-:zcuum sc:l
e “The vacuum flask is a usetul device which minimises conduction, convection and

radiation, so that heat is not easily lost or absorbed by substances stored inside the
flask. -

It consists of a double-walled glass container with a vacuum between the walls and
the openmcr on top is covered wrth an msulatmcv stopper

The’ wa]ls whrch enclose the vacuum are sdvered to reduce the' loss of heat by

il -".radratron

B --u.:-..The vacuum prevents the transfer of heat by conductlon and convectlon

e The stopper reduces heat loss by Gonduction and evaporatlon

',: 10. 6_Expansmn of Sollds, quurds And G‘ISCS
SERENG) Expansron ofsohds -

“When asohd substance is heated it e*tp’mds Thls IS terrned thermal expansmn .

L __-'leferent : ubstances expand by drfferent amounts for the same. amoum
"ofheatmcr e S A

lded tooether
metalhc stnp occurs..

The blmetalhc ster con51sts of two met'il stnps, e g. brass and iron, we
:As brass expands more than iron upon heatrn bendmg of the bi

brass

Bet’or'hcating‘ g - "0"/,/‘ Upon heating

§
2

HE

i

{
-

i

¢

i

i

e An important apphcatron of the blmetalhc strip is the thermostat, which is a devrce
used’ to maintain steady temperatures in apphances such as electnc 1rons and

refrigerators. .~

(b) Expansion of liquids : R g T
- Liquids expand more ‘than _solids upon heating. - This. can be observed from: the
following set-up. = -,

;ﬁm X
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— ) g
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— \_/ )
Heat

ttle before it begins to rise.

Observation: Upon heating, the level of the liquid falls a fit
fall is due to the fact that glass expands faster than the liquid. It

he liquid expands more than glass. e
ur from 0°C to 4°C. It contracts when it is heated from -

bove 4%, it will expand when heated like other

. Explanation: Initial
Tises later because t
*Water has-an unusual behavio
0°C' to 4°C. When its temperature is a

substances.
« This leads to [he fact [hat water has its mlmmum volume and hence maximum density
at 4°C. ) : :
v & = E
Ohilm" Density

’ : Te &l g _—f__:__———————.
p°c  4°C LermpEra it 0 Tempersiors

The lmportance of the unusual expansion of water ‘s that it allows for the preservation

farine life during cold weather. —
aterfalls, 1t contract

0
As the temperature of w
(maximum density). Upon

dense, thereby preventing |
ice, which is a bad conductor,

§ and sinks until all the water is at 4°C

further cooling, the water on top expands and becomes less
it from sinking and setting up convection currents. In due
would form on top and heat loss-of the water
rat4°C beneath the ice

SR A T A
. A B S o R AR B R s
S RIS o

course,
below the ice layer is reduced. Thus. there will always be wate
which enables marine life to survive ‘

:d for the same rise in

(c) Expansion of gases
h larger than that of a liqul

o The expansion O
temperature.
« The behaviour of

f a gas IS muc

gas for thermal changeé is governed by three gas laws.

11 — The Gas Laws

11.1 Kinetic Theory Of Gases
e A gasconsists of a large number of molecules that a

re always in constant, random
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ressure of a pas exerted Onits container comes ahoyt because of the b '
the gas n:olecu]cs on-the container wally e pombardnentof ..
Temperature of a gas is a measure C

ol the

. . o,
gas molecules. The higher the temperature
' )

the faster the motion ' '
‘ el . as of the molecules, Eor
calculations, temperature is always expressed in units of Kelvin (K) '
Volume of a gas is the volume of the vessel which contains the gas _
11.2.The Gas Laws '

amount of kinetic energy possessed by the

There are three gas laws.
a) Boyle's Law

;B
It states that the volume of a fixed mass of gas is inversely proportional to its pressure
at ' )

constant temperature. o

o<1
pey -

= PV = constant

o
XD
NS
2.
P E?’
. 1 - @
' (5
{ &0
1. e :§
L s . R
oL & =
~ ey { e
% Ll — ;
. '. l o ". b
(b) Charles' Law

It slates that the volume of a fixed mass of gas is proportional to its temperature at
- constant pfg:ssure_ ' Pey = . - : _

CEEILLED I
QL PUSYM

o
[{[ih!

]

LV &T

0

= — = constant
T _

' g6y LLLLOZE
ALID HaRvuvd

/

£pLYLESLEED
[-a5EYd vigd

e) Pressure Law

o [t states that the pressure

of a fixed mass of gas is prdpoftional to its temperature at
constant volume - .
poT

= — = constant

S
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‘ E
Combining-the three laws, We s have 7 = constandt. ‘

,

]-ake increases o0 g times its

Worked Example | .
A bubble of 8as released al the bottom of a

original volume when it reacth the surfz_lce. Find the pressure at the bottom of

X the lake.

Solution: _

QOriginal volume = V;final volume =87V )

Let P be atmospheric pressure and P, be pressure at bottom of lake.

Using Boyle's Law

' pxV="PX gV -
. py =8P

Pressure at bottom of lake =8 atmospheric pressures S

~ (12)Waves |
- 12.1 Introduction ;
Wave is a phenomenon in whic

i - involves the wave particles oscil
resented by the f'ollnw.ma diagram.

h energy is transferred from one point to another. It

lating or vibrating about their rest position and can be

Disph:cmm(

- 1y

3 pF N
. : N y /_\ g
HUNAY Joe \
T\ g

i/
Ve
{

!

b —
!
1

=

o There are two types of wave motion:

(a) Longitudinal waves
—-— =~ Theseare waves in-which t
of propagatlon of wave motion.

(b) Transverse Waves ,
These are waves in which the yibration of the

direction of travel of the wave motion.

+ Anexampleofa 10ng1tudma1 wave is the sound wave.
o Examples of transvers ght waves and electmmagneuc /EM)

waves.
12.2 Definitions And Units -
The following terms arc commonly used inw
Terms Symbol Definition
Maximum displacement
Amplitude particie from its Test pos
above diagram)

I ey
Distance between two
troughs or tWo successi

(see s above diagr am)

he—vibration-oftheﬁpa:ticlesii parallel to_the direction

particles IS perpendiculér to the

e waves arc water waves, li

aves.

ition \:uu

successive
ve crests

Wavelength
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[ I'req jucncy / lil ][ EI ;‘ (Q.%’ﬁ( NS | ]M( L m ] ”/"‘_"”‘ e
N second
Period - - T lnnc | taken for | complctc g
et oscillation |
- 0 R -
Velocity= A Distance moved by the wave in 1 | Cms™, ms™
; second - :

=

Note 1hat frequency of a wave is also cqual to the reciprocal of its period.

: f=7
¢« Using the above terms, the following wave equation can be written down:
Velocity of a wave = Frequency X wavelength

v=fx1 -
Worked Example g : -
Find the frequency and velocity. of a wave which has a wavelength of 0.1 m and a period of
0.01s. : - .
Solution: " Frequency f = %
_ g o
SE7
' —i L= 100Hz
0.01 R

‘ Ve]ocntyv =f xll
—IOOXO 1= lOms
il pamc]es that are in the same state of dlsplacemem.‘ The direction

A wavefront isa. lme joining ai
wdicular to its wavefront
- :

of wave motion is always perpen

/ f‘ S 4 2‘“ .=lfrcm ' : oy :
/ / / ‘ e ook ]
. k/ , ‘. . . - ) o
.\.
/ \
“7-"- o |
“Wave motion - ///_

ted-off a surface o
] to the angle of reflection ).

ty of the wave are unchanged a

« Waves can be reflec
The angle of incidence (i) is equa

The wavelenoth frequency and veloci ‘
Inc1dent wave

: reﬂcacd :

fier reflection.
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12.4 Relraction Of Waves : °

When watcr \waves move from shall
ange. This is known as refraction

allow tp deep water or vice versa, the direction of the

1 ater waves. -
wave motion can g:h of the water waves

«  The changesin the various wave gaantities for the two cases are compared below:

=
Quantity ; From shallow to deep From deep to shallow

o :

speed . increases - decreases

T wavelength increases decreases

frequency unchanged unchanged
TBends away from -the

direction of - i 4 ) bends away from the

normé
di, ¢ A .

/
X v 7 ! ., s
i il ‘\\u.\.,// vy ; AN / S
| By ./ y_ i =g \/ / / " y
/. / Y

B / N/ shallow . /f;\{/
) - / “:’\; /// > ")/ Sh_:y
< / 1310w
- G SO, /%/\\ .
. \"‘

| } \\\. 7
o )_:

T L
"‘- <. l.-.

Note that the direction of wave motion wiil only remain unchanged if the wave approaches
the boundary between the shallow and deep water at a right angle. '

-

L 1275 Electromagnetic YWaves
These are waves that make up the electromagnetic (EM) spectrum.
They have the following properties: '
(a) They are all transverse waves. |
(b) They all travel at the speed of light, v= 3x10° m §'in vacuum. - -

(]

1 D iy " frequency/Hz
Gumind ¢ ; Ui T == ikt | Radio.
- A-idY s U E > : nafusice Waves
rays et Z 2 { ! 5
1g T j‘.'r‘ (0" wavelengibvem
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_E_}li__ i”“f‘t‘t‘ __ Detection | Uses ====—=c== A
adio l\ad.lo Ctransmitting | Radio receiving | Broadcasting - g
equipment equipment communic e 4
e - ; ation ©
:nﬁa red Hot bodies Thermopile Infra-red photography, ,,0,
. phototransistor thermal photocopy ig
" Visible - - | Incandescent object -Eye, phoTooraph;c/ Vision i
) films ¥
Photographic film ) [r’lﬁ
U-ltra- Mercury vapour (produces To detect forgery, it
violet Jamps, sun fluorescence in. burglar alarms . '
certain-salts)
- S Radiography
. Photographic plate ’
X' g i o p p 2 mo il
rays _Xray tube photoelectric cffect detecting” flaws 1n
. ; - | metals
Radioactive Geiger  Muller, Cancer - treatmenk, |
detecting  flaws 1n i
substances 1 Tube |
’/,’__’_j metal castings i
4
&

Lwht(l3) | B T et

*'13.1 Reflection Oleoht g G g P '

The laws ofre‘lectlon ofhght are as follows e L e T =
- (1) The mcxdent Tay, the reﬂected ray and the norma] [O the mirrof atl'iho point of
incidence all lie in the same plane : : - . o _ )

'(2) The angle of . incidence is: equa mag,e‘s'formedvin a ’ * B
mirfor : have o the ch_afacteristics: ’ '

ize as the Ob_]CCt ' i

dlstance behmd the mfrro

| to the’ angle of reﬂectlon 1
fo”owmv

—
i

" plane-
(a) They are ofthe same $

r as the object is in front of the

A A
Loh A0 R f 1 T

(b) They are at the same
o rmrror_ 3l S N 1L
(c) . 'They'- i are. s latera]ly ,  inverted. o
(d) They are v1rtual - : TE
_ 3o n
R : . A 538
e To locate the jmage formed by an Ob_]BCt in. a plane mirror, tWO light rays §§§
are reqqired'. S o I BT el ﬂg—g:
e ymage [, : Il oo
| YN a2
- a,?_;
<
8N
=
L=
-.,;:??'

one' medium to another at
rent media.

NrESEY VHA | 9580

5869999020

~ Object 0
a 0I‘ancing

dl

£0
;us;;é

13.2 Refraction Of Light -
Refraction is the bendmg o
angle. This dcv:atlon occurs. because 1

f hght as. it travels fr

ight travels at. different speeds in dlffe

LESEILLEC

O]

to the boundary .

J

Note that no such deviation will be observed if the light is incident at 90°
between the two media. ; . '
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¢ ©
e .
ction of lighfare as follows:
o the refracted ray and thAc' normal o
of incidence all lie in the same plane. ;

[2no1 7
y

t e Or'mrm [he boundary'between the two
(1) The ipculcnt ray, |

media at the point

—

Sn;l\’s Law) - . .
(Thc ratio of the sine of the angle of incidence (i) to the sin€ of the angle of refraction (7)

.is a constant fora given pair of media and is called the refractive index.

1VIIALYO AW LINLLYS!

S
1
N ‘
.
i i
~, id
<

e _ sint
) Refractive index (1) = =
B © '+ Refraction leads to the following optical effects:
" (a) Bending of a stick in water
(b) Real and apparent depth
. 5 e . R4 /
}\-—-s:i:&: i 4 ' ;o
o ' \ i N . S r_.-———*M B
—2 AN . i ’;/./ . 1 g :I' / !
- ‘\ f i rcl‘. \appa.cm::,l{.. g \

L _ depth A4/ ) .
! / .al:atvr depnh ‘7 ,"5'1/1 [ ——
. _ 7 _ , .

Other formulae of refractive index are:
speed of light in vacuum

5> speed of light in medium
real depth

N5 apparent depth -

# woy w3 @ AWIPUIR|RYUSAE & Adnpaequad @

o The refractive index of vacuum is set to. be | . The refractive indices of all other
media must be greater than I. '

« The critical angle c is the angle of incidence in [he denser medium which results in
the angle of refraction in (he less dense medium to be 90°,

uogm:npsunqu:aﬁ

/ i

E . 1
o Refractive index n = ——
sinc
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occurs  when we  have he
(a) Light travels from a denser to a less densce medium.

» Total internal reflection

following situations:
(b) The angle of incidence is greater than the critical angle for that medium.

. The main advantage of tolal internal reflection- is that all
anddhere is no loss in light lntcrmty

An application of total intert

lwht is reflected

al reflection is in optical fibers. This involves a long tube
made of good quality OIass of high refractive in

lower refractive index. Light is then transmmed
0 end by multiple tota

dex coated with a thin glass layer of

from one end of the fiber to the other
| internal reﬂcctlons ‘without any loss in light intensity.

R,

-13.3 Thin Converomg Lens

7
7

Below is-a dlaoram ofa eonveromcr lens

N -
sl A
T D .
/ 4 3
N ————~_} __ _-optical czatrs =
© prncipal R e m A E L T Lol
axis b oA Y
: 405 - o ——
i iga I e £ (prinzipal
—_— N
= i' / . focus)
vl
A} ’
Al
B

. The prmc:pal focus (F):of a [ens isa pomt on the prmmpal axis to which all rays close

and parallel to the axis will converge afterpassing through the lens.

* Tile distanice between the pr1nc1pal focus and the optlcal centre ( 0) of the lens is known
as the foca] leng’ch )3 of the lens '

Formation Of jmages by converging.

y convergmfr
Two _important points to bear

mﬁ@:&uapnanunqﬁamﬂ
12L02E0

95y LLLAL

Jlens an be illustrated. by ray “diagrams.

in ‘mind when drawing ray diagrams are:
(a) Rays parallel- to the prmclpal axis. Wll] pass t

4‘ E'_] woo' e

!

" youtube.com/c/Megalecture/
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hrouOh the prmmpal focus after , %—
refraction through the lens:’ : L R : ?;:
) Rays.passing throu gh the optlcal centre are not devnated _ 2
o The type of image formed by a converging lens depends on the object distance. : _
[fb ject distance |Nature _of image | Image distance Application ;‘
B Real, inverted, [ Between/and
Greater than 2/ diminished | 2/ on the opposite side of Camefa
Real, inverted, ‘| Exactly at 2fon
Equals 2f ‘same size as the opposite Photocopier
object side of lens -
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© ¢ ©-°

¢ wliich can be Capt

',-‘J

ured on screen dnd is formed by the ln‘tersectlon of

A-real image ison |
h the point where the

light rays. — | . e
“A virtual image cannot be caplured on screen as no_light r'y ‘ |
image is located. : N

ow the use of convex lens In:

© The following ray diagrams sh |
(@) A magnifying g!"iss o

£+- ’
' AR it -
' AN ' h .
' RN i
i o i i“t‘. £
— ? ¢ o~ .
S
’ '\“
(b) A Camera o
| TR AN
_ . ‘ \f\]‘ ‘l L ¢ -: £
o] VT~ A ;
\ | I Q- ;
Y ~_ N
9, =z .
T~ ‘3
o
&
: =
cpr L image heigh image distance - = 2o
¢ Magnification = 29e1#9° — 20 2o
object height  object distance e i
13.4 Dispersion Of Light ' : ' g
When a light ray of a single colour is incident on a prism, it is deviated from its §’
'S

original direction. The angle between the onomal and final directions is known as

the angle of deviation.

engle of deviation

The amount of deviation is dependent on the wavelength of the -light ray. Red light is least

deviated while violet light is most deviated.

uo!l?ﬁnpollequa?ﬁm WO (1B D) AWIPEIE BRI

LL_‘LCSEZS?HFO 69699_990390 EVIPIESIEE0 | 9SPLLIL0ZEOD

s . 2
d = -
__-/,m‘
- 3 X3
. /' 3 *, -
; \
: 1
-~ / * .
FA——— {
yorezn

e Thus, a ray of white light upon passing through a prism will spm into its component

colours of red, orange, yellow, green, blue, indigo and violet.
e This is known as the dispersion of light and the colours are collect

spectrum of white light.

ively called the

wonronpa|equeasd ]

mca'ucuﬁ@‘(mapmeunquzaxﬂ ﬁ
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Sound (14)

14.1 Basic Concepts

B Sound is a |

E ongitudinal w ]
| al wave, I consists of rarefactions and - 3
s dragram el d compressions as shown 5
F - | | i
3 e o
= ! b - | ? 2
3 i Lot b : 7
| | | -
, | l ! ] " :
_‘ IR

| RSN 4

: - ‘ : - 73

rarefaction | comaression rarzfaction L

7

N\

L e

(a) Rarefactrons are regions in the waves where the particles are further apart.

(b) Compressions are those regions where the pamc]es are closer together

o The distance between two successive ¢ ccessive rarefactions is
: known as the wavelength.
. Sound requrres a medium fo tra
‘ e Sound cannot trave] through a vacuum
proxlmate range of audrble frequenc

ompressrons or two Ssu

in éases. ‘

"B ¢ A2

vel. It travels fastest m sohds and slowest

s o The ap 1es of the human ear is 20 Hz'to 20 kHz

Characterrstrcs of sound i :
(2) The pltch ofa rioté depends on the frequency of the sound wave. A high frequency grves

. ahigh p1tch : o
(b) The. loudness ofa sound depends on the amplr

a Joud sound. |
(c) The quahty or trmbre ofa note depends on the ha

Echoes are produced by reﬂectlon of sound

14 2 Speed OfSound
E . The speed of soun
; o Tt - - be determmed by ~using
T (a) Drrect method _
(1) ‘Measure the drstance betw
”(n) Measure tte time taken for the sound to tra

to the observer, L. _
(iii) Speed of sound de.

" (b) Echo metho a
i Measure the drstance be

'The observer produces a

ok Measure the trme taken for the

Speed of sound —2-9

tude ofthe wave A large amphtude gives

rmonics or overtones present.

d'in a1r near the surface of the Earth is about 340 m S -
erther of the followmo methods:»

¢en the sound source and the observer, d : ' .
B e S ! =X

avel from T the source

i

tween an, observer and a reﬂectmg wall d

ii. loud sound for example by shoutmg
(il echo 10 reach the observer t.

'iV.'
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- © Static Tlectricity (15)

15 l Introduction o

s There arc only two types of electric charges: the positive Ch'll'Ue (+) and the neaatlvc
- ' charge (-).
' Like charges repel i.e. posmve repels positive, negative repels negative.
» Unlike charges attract i.e. posmve attracts negative.
» The SiI. unit for charge is the coulomb (C).
* One electron carries a negative charge of 1.6 xi0-"C.

When an object gains excess electrons, it becomes negatively charged.
When an object loses electrons, it becomes positively charged.

When an object has an equal number of positive and negative charges, it is neutral.

: 13 2 Clnromo An Objcct . ' g e

" Objects can be classified as electrical insulators or electnca! conductors. lnsulators do

not allow charges to flow through them easily. This is because the electrons are
tightly bound to their atoms and are unable to mové'freely'

Conductors allow charges to pass through them easily. Here, the electrons can move
freely from one atom to another (fiee electrons) within the conductor
Insulators can'only be charged by friction. For examDIe rubbmv a glass rod with silk
will result in the glass rod becommU positively charoed while silk will become

negatively charged. This is cue to the fact that some electrons were transferred from
- the glass rod to the silk during the rubbing process.

* Conductors can be charged by
(a) contact ~ with
- (b) electrostatic mductlon
(a) (‘haromo by contact

a charged body,

This is the process whereby an Ob_]CCt is charced by dlrect contact with a charged
body. = .

Note that the object carries the same charge as the charging body

the neutral object conact with 2
charged body

(b) Charging by induction . o .
This is the process whereby a conductor is charged by bringing it
near acharged body without any direct contact.

The charge that is carried by the abject is opposite to [hat carried by the charging body.

youtube.comi/c/Megalecture/ T
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churge sepuralion

————

L /'+ :.-._ + o 7
== \ wsmscng, | = (= i {T by
, A\ - £ -0 -y
g % - v Ty
0 S v r i -{— |
. - . - — ‘ B
R induction ear thing in the presence object is charged

of the charged bodv

15.3 Gold-leaf Electroscope. . | : _
The gold-leafelectroscope is an instrument used to:

(2) detect the presence of charges on-a body, -

(b) test the sign of charges on a-body. s ' : e

Lvoalivaam

= cap
|

+—— gold leal

To-detecr "char?reg'; on a. h”ody- an 'unchéirved'ﬂiectrosccpe must be used. If the gold leaf
diverges when the body is brought near.the’ cap of the e]ectroscope then the body i is Lo

charged PR S : E )
To test the sten of‘charoes on an obJect the c! ectroscope must first be charged and the ' %
sign of the charge must be known. Incrmscd dweroence of the gold leaf when the 5
Ob_]CCt is ‘brought riear the C3P W1II mean that the ob_;ect carries the same charge : as ' '
the- charge on the elcctroscope o O

. Note that 1ncreased dlvergence is the- only sure test. Reduced divergence can either
mean that the object is uncharged or it carries a charge that is opposite in sign to that

SYLLLLOZED '

on the electroscope ——-

154FlectriéField -
* Anelectric field is a region where charges experience electrical forces.
» The direction of the electric f eld is deﬁned by the direction of the electrical force on
a pos:tlve charge :
e An electric ﬁetd can be 1llustrated ~y using electric field lines. These lines are
- directed away from posmve charges but towards negative charges.

Examples.

h&é ;‘_I;”f_

LL22EE3LLEO | €BE299902ED jLrivbEsiccn| o

q
d
E

5
3
g

Awapeo
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16-Current E Electricity. | ~
16.1 Current-And Potential Difference
+ Current (] is defined as the qua

antity of electric charge passing a givén point in one

scond.
,s¢ . 0
| =—
=
Where Qis the amount of charge in coulombs and 1 is time in seconds. . -
ge
The unit for current is the ampere (A). One ampere means Qne coulomb of charg

flowing évery sécond. _ B _
A potential difference (p.d.) has to be present across the ends of a conductor in order

for current to flows B . ‘
" Potential difference (V) between two points is defined as the work done 1n carrying
_one coulomb of charge across the points. ~ ~ —— T

*

Where W is work done in Joules and 0 is the amount of charge in coulombs.

The unit for potential difference is the volt (V). If 1 J of work is done in moving I-C
of charge between two points, then the potentlal difference is I V. _
Electromotive force (emf) of a cell is defined as the total work done per coulomb
when driving a charge through the whole-eircuit.

The unit for emfis also the volt (V).

16.2 Ohm's Law And Re51stance

« Ohm's Law states that the current j flowing In a conductor is directly proportional to -

the potential difference V between its ends. provided the temperature remains
constant. e e

. lxor—=constant = R
1

e R is known as the resistance of the conductor and measures the opposition of the
conductor to current flow. .

» The unit for resistance is the ohm (£2).

Worked Example iy o
Calculate the current flowing through a 4 Q re51stor when a p.d.of 6 VIS apphed
across it ‘
Solution:
R=" -
=7
. R —_ V
~R=g7
5
=37 |
= 1.54 .

Metals that obey Ohm's Law are called ohmic conductors

N
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Metals that do not obey Ohm's Law arecalled non- OhmlC conductors, Examples are B
thermlstors diodes and light- -dependent resistors;

S

—

7/

/ .
.

J
A
i
|-
‘ 7
|
\
|
|

The" re51stance of a wire is dlr(..l..t] y propomonal to its length’ (/) and inversely
o, propomonal to 1ts cross secnonal area (A )

L - < — .
: _ R - _
The lonoer the wnre the greater the resistance. The tthkCl’ the wire, the smaller the

resistance.. ‘ , Q g - T : . l
- Th- values of remstors are usually marked wﬁh a standard colour code ;

."d brand = 2139 “prapd =|_ .. B

Colour--— ===~ _15‘ band = 1" digit (zligit ' number of zero )
| Black™ - . 10 0 0 -3
[ Biown NN 7 |1 1
Red 2 , 2 2
Orange | 3 3 £}
Yellow 14 4 4
‘Green - 15 : 5 15
'ICOIQUT " [istband= Ond band = .| 3rdband =
‘|1st digit 2nd digit | number of zeros
“blue 6 ' 6 6
" violet 7 7 7
gray 8 8 8
b white 9 9 9
. Worked Example
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-] . . . . ‘

Sohmon .
"~ Red -2, violet - 7, orange - 000,

Resistance =27000Q -~ " e
Electric Circuits (17)

17.1 Resistors in Series = -

I

I

R - 3 3.
- "\J':_‘f. AN R -
= | i . . .
I :
| ‘ A T A

.The current ﬂowmg through each part ofa series circuit is the same.

The total potentlal difference ¥ across the resistors is the sum of the potential
- difference across each resistor. "
V=Vi+ V+ V3 ' o

The total resistance R in the circuit is equal to the sum of the individual resistance.
K=K; +R; + K

17.2 Resistors In Pnral_lél

| Y
|
I R
I 1 (\/\L,\ L s
_ I? "e'l N
S AN
- IN R:
N —_————

« The main current I is equal to the sum of ne individual currents in the
branch circuits.

=+ I+ I

» The potential difference across R, , R; and Rj is the same and is equal to V
+ The combined res’istancé R in the circuit is given by:
ot i1 1 1
R R R Ry
_+ For two resistors in parallel: :
_ RiR,
" Ry +Ry

youtube.com/c/Megalecture/
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. 17.4 Direct And Altcrnnﬁng Currents - | )

* There ar? lwc-) types of power supplies; one which g_ives direct current (de) and the
other which gives alternating current (ac).

Direct current means that the current flow is in one directign only Battenes and cells
provide direct currents. - =

. Alternating current means' that the current flow alternates from one dJl’ECIlOn to the
other. Household mains provide alternating currents.

Practical Electrical Circuitry (18) - ——— -
18.1 Electrical Energy And Power. i, Ve ik :
_ ‘o When charges flow from a higher potential to a Iower potenttal eneroy is released

* This energy (E) can be calcu]atgd using the formula: = -+ = . - . -

"E—QXV e
c.e Where le the amount of charge.in coulombs and Vis p.d. in V
e The foJ]owmo equatlons for E can also be derived:
E= - Vit(from Q = It)
E =I*Rt (fromV =IR) ] -
, Ve 7 & D |
Esgt Uroml=E= 2
Elecrical bower is the rate of electrical energy released.
Using the def'nmon of power P = the following equationis can be obtained.
P = . VI

18.2 Cost OfE]ecmcny
. Electnc:ty is sold in units of kilowatt-hour (k Wh).
o 1 kW is the amount of energy consumed by a device working at a power of 1 kW for

I hour. :
1 kWh = . ] 000 \%Y x 1 h
= 1 000 X 60 X - 60

=3 600 000 J

.. To calculate the cost of household consumption of electrical energy, find the energy
.consumed in units of kWh and then use the formula:

!

oo 3 g e
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- o o . Cost= Numberof kWh X cost perkWh. . ' ) e

]
Worked Example
i ' Find the cost of running
electricity s SO.30. : -

a .televisioﬁ set at 180 W' for'7rhours given that tht? cost of 1 kWh of

L Solution: )
Energy used = P X/ ' ' : '
= 180 W X 7 h ~
=(.18kWx7h .
. - =1.26 kWir
' Cost = 1.26 x $0.50
= $0.63

= —--=18.3 "Wiring In The Home
e e oo oo Electricity is supplied to the home using a cabie which contains two wires which are

well. insulated from each other. One is the live wire and the other is the neutral wire.
+ The live wire carries current at 230 V. ‘ o
« The neutral wirc carries current at earth potential. \-
+ The p.d. between the two wires is thus 230 V. -
« For safety reasons, switches and fuses are always connected to the live wire.
« The switch sezves to break the connecti_On: of the live wire with the power supply once
electricity is not required. ' '
« TFuses are short lengths of thin wire which melt and break the circuit if the current
" exceeds its rated value. They are connected to the live wire to prevent appliances from
becoming live when the fuses blow. _
o There is a third wire, the earth wire, which connects the metallic casing of appliances
fo the earth. It serves to prevent the user from getting an electric shock in the event of ™
a current leakage by drawing the leaked charges away to earth.
« The colour code adopted ~for the —three:
(a) live wire - brown .
(b) neutral wire - blue .
(0 earth wire - green and yellow
+ Lamps in a lighting circuit and_electrical. appliances in power circuits are always
connected in paral[él so that they can operate independently of one another.

for ~the three ~ wires are as  folloWs:

Magnetism (19)
19.1 Introduction

« A magnet attracts magnetic substances.
« A magnet which is freely pivoted will rest in a north-south direction. The end facing

the north is called the north pole (N) while the other cnd is called the south pole (S).
o Unlike poles attract each other while like poles repel each other.
« Examples of strongly magnetic or ferromagnetic materials are i

certain alloys.

ron, nickel, cobalt and
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o A magnet altracts substunces through mﬂunetlc Inducllon ) -

'19.2 Magnetization And Demagnetization

. Maonetmatlon is the process of turning magnetlc substances into magnets. Note that ‘ "
only magnetic substances can be magnetized. . '
‘o There are two methods: the strokmg method and the electncal method.
(2) Stroking method
» The substance can be stroked wnth one permanent magnet or with two permanent
magnets. It-is essentlal that the dlreCtJOﬂ of stroking remains unchanged during the
process: - S
- (i) Single totich method | R ’(ii) Divided touch method

TE TR

B s

(b) L'Iectncal Method ]
. The substance is p]aced in a so]enmd connected toa de supp]y

i i

* ~ 4 i 2] K S

SO TS ! 4 '

R 4 Y NS | F ! e/

N ' g
| B
N | S -

i -
H
H

« If the,curtent;is._-ﬂdxving in an anticlockwise direction when viewed from e
the side, that end of the rod will be a North pole. If the current is in a
Clockwise direction, the end will-be a South-pole. -

S S ——————————— -

Demagnetization is the process of removmg magnetlsm from a magnct The three commonly
used methods are as follows: -
(a) Place the magnet in a solenoid connected to an ac Source
(b) Heat the magnet: strongly and then let it cool lying in a east-west direction.
(c) Hammer or drop the magnet repeatedly
9.3 Mag-letlc ‘*’ielda ‘
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o ©
© s The®region of space surroun

- tenmed the magnetic field of the magnet..

i This field contains magnetic flux. which can be reprcsented by magnetlc lines of force

. - The direction of the magnetic i field is always from the N- pole 10 the S- pole.
? . Magnenc flux patterns can be traced out by —
(a) Scattering iron filings round the magnel
(b) Using a compass to plot out the line of force.
* » Earth has its own magpnetic field in Wthh the magnetic flux run from soutero north.

ding a magnet in whnch magnetiq forces_can be felt is

VLMY T

e
¥

N 3..
3
¢ 8L

‘o

el
.
iy

19.4'Magnetic Properties Of Iron And Steel
: The differences between the magnetic properties of iron and steel are as follows:

Property Iron Steel ) '
i Magpnetization : Easy -~ — Difficult -
Demagnetization .. .. -| Easy . . - | Difficult >
Magnetism ‘Temporary '| Permanent
| Strength of magnetism - | Strong . Weak

» Uses of soft iron: magnetic shielding, electromagnets -
.« Uses of steel: making of permanent magnets -

(20)Electromagnetism
20.1 Magnetlc Effects Of A Current

o Acurrentina conductor produces a magnetic field around it. This is the basis for making an
electromagnet.

o The magnetic flux pattem due to a current in 2 long straight wire is as
shown U

»  The magnetic flux pa&em for a solenoid is similar to that for a bar magnet.

A —_
\.\{-\—\ﬂ:\\ R -'l
SRSV (T

1!1\1\\_/

« One application of the electromagnét 18 he electric bell.

youtube.com/c/Megalecture/ —— g i e
+92 336 7801123 Scanned by CamScanner



For Live Classes, Recqﬁﬂed Lectures, Notes & Past Papers VISIt
Tt . www megalecture com

o
I}

() B
1 o
<12 o N L ]
: - E
A
2l H ‘i i. | Z;;
- ‘ Solltron cco C “M—C—J .
s : ' arnatire = SEDI g. senng T i Lﬂg
W Bt
e hen- the switch is dosed the eleetromaunet becomes ma«rnetlsed and attracts the . IX:
soft iron armature T AP { 58
s The armature separates from the contact and breaks the circuit. The electromagnet | RS

loses its magnetism.

° The armature is returned to 1ts original position by the spring. N
~20.2 Force On A Current—Carrme Conductor In A Magnetic Field —
¢ When a current- carrymty wire ]S pIaced perpendlcular to a magnenc field, it will
: 'eXpenence a force : R ‘

& The direction of this force can be determined by using Fleming's Left Hand Rule, as
shown on the r10ht Note that if the current runs parallel to the macrneuc field, there
will.be no force T - R
Force (Motlon) ‘ ' .

PHYESEOLLED:| 998EEEELLE0 |BPLPIESZLED

] B

3

(=5
2 N

&)
Example ué ;‘:
S = i
AN

" ]
r [=]
g
-03 md
s m
LB W
z
=] ."
- ing wire. Tl
The setup above can be used to demonstrate the force produced by a current- carryl L . o
g's Le -
o When the switch is closed, the wire swings forward as dlctated by Fleming :

Hand Rule. - - ' o ' |

i \ the wire will swing backwards. :
e If the battery connections were reversed, ' 3
8 g
,:g‘ :
%
s =
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and1 Y

is reversed, the wire will also swing backwards.

menon is in loudspeakers. . g N
hich is connected to a paper cone, placed

o o [fthe direction of the magnetic field
ant application of this pheno

+ Animport heno
« A loudspeaker consists of a voice coil, w

between the poles of a pot ma‘gnet.
g currents which co[rgspond to the so
nd the coil, toge

i i are passed through the coil.
« Varyin und signals are ps g

« Magnetic forces are set up anc t
The vibration of the cone produces the sound

20.3 DC Motor
» The de motor is a device which converts electr

ther with the paper cong, starts to vibrate.
which is transmitted through the air.

C1VO3ILYOaWILaNI LS

ok

waQray 171

ical energy into mechanical energy.

« It consists of a rectangular coil. which is placed between the poles of a magnet.

connected to a de source via a split-ring commutator.

«  When the current is switched on, the side A4S of the coil experiences an upward force @ e
while the side CD feels a downward force. This sets up a coupie which rotates the coil ~ah.
C1OCKWiSe T LR L Tl p e N AR : i S 53

5 -
- - . . ' . - o

» When the coil reaches the vertical position, the split-ring changes contact from one G
brush to the other, thus enablingthe coil to rotate continuously in the same direction. 8s

. -
S o ~e2
it . gﬂ .
; , = S
il =
| KRN i === -
N o=
\ b (\i—\ &5
re
! \ J . o9
\ f‘-r'“\\‘w. split-ting s>
N &\ .~ commutatar o '°|
- N
. Sresh—= 7 £=
2 . ’J AN t =
N T

]| &
czll ~Thzostat

e To increase the speed ot rotation ot the motor, the following can be done:
(a) Increase the number of tumns in the coil.
(b) Increase the magnitode of thecurrent——— — ~————— ————— ——
() Increase the strength of the magnet. ) '
(d) Insert a soft iron core in the coil.

20.4 Electromagnetic Induction ‘

. Elect_romagpetic induction is the phenomenon whereby an electromotive force is

induced between the ends of a conductor whenever there is a change in the magnetic

9SpLLLLOZED
ALID NOSYYVd

|

£PIPLESIEEO
|-aseyd vHa
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E
=5
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£
la=)
~
3
o
=3
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g
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@
B
<
(©)
E
=
3
|
8
&
=
@
£
8
é‘.

Lenz's Law states that the direction of flow of the induced current is such

as to oppose the change that produces it.
e The following factors affect the size of the induced emf. or current.

- . - : X ol
flux: lmkmg the conductor. If the ends. of the Conductor is connected to a §§
galvanometer, induced current will flow. 8%::’-

’ . g’nn

I DE= & 777
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S () The numberof turns of coils; thW\MVWmQQIQl%p&%.en%%mm the emf,

. (b) The strength of the magnet; the stron
- (¢) The speed of movement causing the
' emf. -

ger the magnet, the larger the emf
chan.ge i flux; the faster the speed, the bigger the

> The direction of induced curre

ent cair be found by using Fleming's Right
Hand Rule, as shown below, - Woa ’

. Motion
'-\

Fizld —,\\17\_
: .

% 7 \

i = Al N

. — o Cumrent C—\ {755 0 -
. e ( e toA

Example : : : : )

A current i_s induced in the coil when it is moving down at right ang]és to the magnetic field.
The direction of the current is as shown in the diagram on the right. o

20.5 AC Ge_nérator

The ac generator converts mechanical energy - into electrical energy using
+ the principlé of electromagnetic induction. - '

e It consists of a recténglj]ar coil which is rotated between the poles of a radial magnet. The
ends of the coils arc connected via two slip rings in contact with carbon brushes to an éxternal
circuit. As the coil is rotated, an ac is obtained in the external circuit.

cture/ i
youtube com/c/Megalecturel i Comscamer
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- i induce rodr.ccd is shown below.
* 4 The positions of the coil relating to-the mdu-cgd emfp

ilisi ori it i o when
« The induced emf is maximum when-the coil is in a horizontai position. It is zer

the coil is in a vertical position. - .
s If the speed of rotation is doubled, the frequency of the ac and the maximum outpul
voltage is doubled. . ]
« If the number of turns in the rectangular coil is doubled, only the maximum output
i voltage is doubled, the frequency of the ac remains unchanged.

o evminine oy, 20.6 "Transformers i ; : i :
l e A transformer isa devrce used to convert hlgh voltace to low voltaoe or vice versa by
the process of mutual induction.
o It consists of a laminated c;ore of magnetic material (usually soft iron) around which
IS wound a primary coil and 11 secondary con.
 The primary and secondary emf are related in-the following way:
where  ¥;is the secondary emf, - 4
V, is the primary emf,
V3 is the.number of turns in the secondary coil,
N, is the number of turns in the primary coil.

» IfN;is large than Np then V. This is known as a step-up transformer.
~———-- - » If Ny is smaller than N, then V{ Is smaller than.V, this_is called-a step down

transformer.
J, rd Ny -1 tN_—_—o
v ::1- v v L !
P 1 A7
D I ~ - A iI:'
Step-up Sizp-down
»  Assuming a 1009C efficiency in the transformer, then secondary power output =
primary power output
Vs = Vi,
Ve _
V,

20.7 Power Transmission '
» Power is transmitted as an alternating current at very high voltage.
+ The main-advantage of using alternating currents is that it can be stepped up or

“
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stepped down to different voltages casily.
o The reason for transmitting at very high voltage'is that this reduces power loss as heat.
When using high voltage, a small current_flows through the cables. Since power loss

as heat is given by p = JZR,, a small | will imply
= aminimal heat loss.

The atomic Model (21).
21.1 Geiger-Marsden Etperlment ‘
T eA beam of a particles was f'red at a very thin sheet of gold foil. The scattering of the a
A partlcles after passing through the foil were detected by means of a spinthariscope.
| .+ Observations from the eéxperiment: ' _
(@) — Most of the a particles went straight- through the  foil.
®) - Some a  particles were  deflected  through  small " angles.
_(c) A few were scattered back through 180% - _ }
¢ The conclusion drawn from this experiment Was that the atom has a small but heavy

nucleus which is posmvely charged. Y 3 7 A0

212 Atomlc Structure _;-\,‘;._\;-‘;'_ .
“The atom is made up ofprotons neutrons and electrons
‘i :~Protons and neutrons are found in- the atomlc nucleus Wthh the electrons orbit found the: :

: nucleus sl : ‘
The prOpertres ofthese sub atomlc partlc]es are tabu]ated below

=P Particle | Praton Neutron “Electron _
"Charge +1- B N b .1 _
‘Mass . Iunit ' o dwmit o2 Ny
S bl SN TEEEI 2000 7 —
ol * 1n - e

0 '_ As the atom |s electncally neutral, the number of protons must equal.the number of

___electrons inan atom.” S
. & Atoms are represented in the fol]owmo manner %X. This is known as J nuclide of X,

where X refers.ta the chemical symbol of the element the atom.represents,

 The upper number (4) is known as the mass number or nucleon number and it gives
. the total number of protons and neutrons in the nucleus.
. The lower ‘number (2) is known as the atomlc number and this is the number of

protons.in the nucleus;. _
e . (A -Z) will give the number of neutrons in the nucleus.’
o Isotopes are atoms which have the same atomic number (same number of protons) but

different mass numbers (dlfrerem number of neutrons).

Example
- IH , %H and ?H are isotopes of hydrogen. All of them have Jproton in the nucleus.

The ;H isotope has H=0 neutron.
The 7H isotope has 2 - I =I neutron.

youtube.com/c/Megalecture/
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'I-‘he'3,H isotope has 3. | = 2 neulrons. B -

Uses of radioactive isotopest - - O .
(a) Cobalt- -60 1s used i1 cancer treatment. '
(b Carbon-Fa is used to date archaeclogical spemmens

(©) Phosphorus-32 and Iodme—131 are-used as tracers in
= (d) Other radioisotopes are used in industries to check t

_ matecials. i

_For Live Classes Recorded Lectures, Notes & Past Papers: VISIt N . "1

bodles for medical diagnosis.
hickness detecting wear and tear of

Radioactivity (22) ~
22 1 Introduction
-« Radioactivity is ~the spontancous random

nucleus of the atom.

"V There are three types of radxatlon emitted  from radioactive substances.
" “They are alpha (a) pamcles beta r) pamcles and gamma () rays. . i
- e The charactenstlcs of these radiations are.as follows:

emission of particles from the

[Property © |a particle . |Bparticle .~ yray
B . - | Helium nuclei Hich energy electrons _7 i
N . mauee gh energy : ons _Te | Electromagnetic
H - wave.
Jonization V- e - i NO " : :
, ery strong NO very str ;
power ry g ry strong Very weak

A few cm in air, canSeveral meters can bel :
Can  pass  through

Péjnétrating ‘ be-stopped by a sheefstopped by a few mm
| of paper ““45f aluminum several cm of lead
Straight thick tracks Thm irregular tracks Thinner, R
Detection  in 'Y e NS ) L irregular
. \ s oo
cloud chambcr \\ 4/ \( l/ 7 tracks wint
‘ : Ny ’ e r'_';ft“ =
Deflection in Deflected like a Deflected like a
. o ; ) Not deflected at
magnetic and posmyely- negatively- "
Iilectric fields charged particle charged particle
: = .
'
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s The deflections of the lhrce lypcs of radiation in an electric field and in a magnetic
ficld are as shown.

'

- e o - e . e o/ e o
s e B ) . 2 v _
-/ N ot B, " i E - -
W s -7y -
— S £ £, A A o
g i : 1. .
—\\‘\ | . “ ] //_,,‘; )
. . «L x x « .
\k - N ',I f.
= U , - : il
E 2 & - - - o o : { )
Electric field - (« particle | Magnetic. field- (the paths -
is  attracted to - plate | are determined by using
while B particle ~is | Fleming's Left Hand

attracted to + plate) , | Rule)

; 222Rad10;ct|veDecay S
(a) Alpha decay, o : : ;

" When an a: pamcle is errutted by'a nucleus the mass number of the new nucleus' A

- decréases by 4 while the atomic. number reduces by 2. ’ | : ?

-

(b) Beta Decay . . ‘ . .
When ap pamcle is emltted by a nucleus the mass number of the new nucleus I

. i

remains. unchanged ~ while  the atomic number T increases 1

by 1. 4 _ ' ]

General Equanon zX — z+1X +B5
Example 21“‘X — 21431 + ﬁ ‘

AT WY BN TR

_ (c) Gamma decay

e The emnssnon of y rays has no effect On the mass number and atomic number of the nucleus.

It only reduces the energy content of the nucleus.
General equation 4X — 4X + a

» Half-life is the time taken for the number of radioactive particles emitted per un 1t time to
drop tohalf its ongmal value This can be seen from the decay curve below.

f\\
St~ _
= -' Time

, =i =1, = hulf'lile of substence
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22.3 Safety Precautions ' _ R -
+ Radioactive sources are to be kept in boxes made of lead . _

o They are to be handled by tongs or forceps and not by ha'nd. - N
»  Special clothing, normally_with lead shielding, are to be worn In situations where-the
amount ©oof ' radiation . . is large.

The Cathode Ray Oscilloscope (C.R.0.) (23) . .
23.1 Thermionit Emission _ . B
*  Thermionic emission is the process whereby electrons are liberated from a heated metal.

: * The heated metal which emits the electrons is called the cathiode and the electrons carmr also be
known us cathode rays.

In an electric field, th
R “p]ate g

ey

e electrons, being negatively charged, are attracted towards the positive

* In a magnetic field, the electrons are deflected into circular

: ] paths in accordance with
o Fleming's Left Hand Rule. ' '

232 The CRO

* The cathode ray oscilloscope (c.r.0.) is an i

electron gun deflecting /

o A : sysiem vacium
(a) The electron gun

|
3
E
: =
L _ nstrument which displays electrical signals. g
:5 It consists of 3 main parts: the electron gun, the deflecting system and the fluorescent Er
& screen. _
B . 5
:— cathode - erid anode | ancge 2 Y-platzs X-olatzs - g—
, ; g 2 E
4 =
el - 2
N —— ST IiusTesCen &
4 screag E!
2 e
D ,‘:
------ - !
4
|
4 ®
8
g
&
g
8
B.
=]

This pair of the C.LO. produces a narrow beam of eiectrons.

* It consists of a cathode, a control grid and a set of anodes.

¢ The heated cathode , a control grid an a set of anodes. leaving 1ilt: cathode is controlled by the grid.

The _ ~ anodes
_ accelerate and focus the electron beam.
(b) The dellecting system

serve to

* This consists of two'sets of plates which deflect tile electron beam by the application of an
electric field.

e The X plates are a pair of vertical plates that deflect the beam horizontal! y.

3

2 - g T B e P A
e e i e 4 .
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+ Note that input voltages or signawwm%@mwaecgms.

¢ Thec.r.o. can be used to _ _ | .
a) . measure voltages. N _
'b) measure short interval,_ofttme,
c) display waveforms of input signal
d) éompare frequencies of input signal.

.Electi‘bnic' Circuit Components 24) e .
224.1 Thc_:‘m'nistbrs_an‘d LDBRs , .

* A transducer is a device which is capable of converting energy from. one form, to
another. Thermistors and light dependent resistors (LDRs) are examples of input
transducers. ' . ' . :

(a) Thermistors

-sensiti resistances. The
electrical energy when connected to an electrical source

* Thermistors are ternperature Y convert heat energy into

* -For most thermisfors, their resistance decrease when temperature is increased.

é]'c_lrm; thermostat. Ca
{b) Light Dependent Resistor (LD.R)

They are used for measurement of tempera ure ur in temperature- sensitive devices. e.g. fire

° 'LDRs.eireﬁ light sensitive devices. They convert lighl energy into- electrical energy
when connected to an eke ric sour-e. - '
» The fesistance of a'LOR decreases wh

en the light intensity incident on i't_incrc.ases.
Symbol: \ '

They arc: used in light-sensitive devices, e.g.
vaults and safes \
2.4.2 Reed Swit}c>hes And Relays
(a) Reed Switches '
L]

=

A reed switch contains a pai of iron strips freeds inside a sealed glass tube.

There is a small ea between the reeds which is closed when the reeds are bent by
gap , _ )

app
lying a magnetic field. -
T - ee— oL Contacts
\ i == \
N \ '/%)_
4
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an electromaonet itis knOWn as a reed relay. .
nected to all

d switch inside “a solenoid con

_(h) Recd Relays
o Ifthe reed switch is operated by

-This is achieved by placmg the ree

‘electrical source.

[

-

o  When current flows through the solenoid, lhe reeds are: magnetizedand attract one another

to complete he circuit.
When the current is switched ort the reeds lose thcnr maonetlsm and the contact is broken.

e “A"small current through' the relay-can ‘switch on or off another circuit without any direct
electrical contact between them. Hence relays are often used to (um on J. high voltage
(dangerous) supply with a low vo]taoe (safe) supply, €.8- ignition switch for a car motor.

24.3 Capacitors
: o e A capacitor consists of two con
- 'ﬂmarated by a non-conducting material called a dielectric.
"« The capacitance Qfa capacilor is the measure Ot fthe ability to store electrical energy. —
.o Whena capacitor is charged by an electrical source, the electrical energy supplied is stored as

separate electncal charges on the conductors.

" o When it is discharged. electrical energy will be released.
it 0.0 be constructed by connectmg a capacito

ductors (usually metal p!ates) placed close to each other,

+ A time delay circui r In series with a

R - =D e resistor as shown: - 7
T - C ’ R .
AAN )
sipw volizge

[
i)

input voitage

(v

‘-_;_———-——.’__'_'—’——

s the value of the input voltage Vi after a certain

hﬂl’ o
T FN

« The output voltage Voo nly at

interval of time as the ca pacitor

n

"
bl
the values of the resistance and capacitance in the

0o

takecs ome time to

"o This time interval is dependent on (

circuit.

nINPA|eGEE
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Tlectronics System (25)
25.1 Semmonductors _ .
> Semiconductors arc malu ials. whu.h allow for a slight conduction of electricity.
Examples are silicon and germanium. °°
« The electrical resistance ofsemlconductors decreases WIth an increase in temperature.
 Current flow in semlconductors is due to the now of e]ectrons and positive 'holes".”
. DOpmcr means adding a very small amount oflmpunty toa semlcanductor to mcrease
its conductivity.

)

_* There are two types of semiconductors —p- type (posmve) and n-type (negative).

25.2 DIOdES
@ Adiode is construed from afP-n _}LlnCthn Wthh isa piece of p type and plcce of n-
type semiconductor journed tooether

=== '} N

e The'circuit‘symbol for the diode is:

ENVETIE ' . |

2l | .
» Adiode aIlows current to now in_one direction only A U A
e When the voltage on-the p-type is more positive than that on the p-type, the dlode 1s
forward based and current flows from thep type to the .r-type.
: 1\]

The diode is used aarectifier, which means it converts alternating current to direct current.

(a)-Half=wave-rectification—
o Only (he positive half cycle ofthe ac. will be allowed to now through the resistor if

one diode is used.

o
¢
il

(b) Full-wave rectification
« Using four diodes, both the positive and negative cycles will be allowed to now.

Ry
)
B Ve

» Thme
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25.3 Bipolar Transistors ) - . '
Bipolar transistors have two p-n junctions and three terminals: base, emitter and

- collector. 4 _
o There are two types of bipolar transistors; the n-p-7 the p-np transistors.

= .+ For normal operations, the junction between the base and the collector is reverse biased
- while that between {he emitter and the base is forward biased. U

» The most common use of the transistor is as a switch.
Example L .
The circuit on the right turns on the! light when it gets dark. This is because the resistance of the
LDR increases when light intensity drops. This will increase the poteritial at the base which will
tum the transistor onrand allow current to flow through the lamp.

[ ! —

{ J i

~ . !

i (e iame ;

—

! SN -t
e =3 -

T, H
\\"/.\ V =
A r \) | l
\_ { I

i I

—_—)

¢ The advantages of using transistor switches are as follows:
(@) They have fast switching speed.
(b) They call be integrated into electronic circuits

25.4 Logic Gates
A logic gate is an electronic . system which gives an output only under
certain input conditions
(a) AND gate
(b)
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+92 336 7801123 Scanned by CamScanner




~ For Live Classes, Recorded Lectures, Notes & Past Papers visit:

: www.megalecture.com ;
Al
\ = . - ' "
CIE O Level Phyiscs Flash Cards -
._ &
Inputs - - ° ° [ Output ‘1
A B 12 ° ']
0 - 0 (= 0 ' 2- :
0 T 10 ; g—
1 o . 0 - = ; ‘
I 1 I - !T ’gji
: e B . = %
&
: : _ | BB
4 B o Q | fz
0 0 0 f j
" i
0 1 1 ]
il 0 I
T - 1 - " : I‘A—J
8 o z°
2 T &d
! I 0 2
‘ : 25
R g §§§
. A. _ B O g all
— T w
3 0 0 T _; :’,E
]
; — L33
1 0 o 2 3e
=== T ———— e O |
: 1 b =
528
235
‘@'

- () NOT gate _ -
_'_I'he NOT gate is also known as the inverter gate
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NAI\,{[\)‘gil‘erls auni versa! bui lding block and can be used to construct all other !owa,')y
gatcs. For example; it can be used to build the NOT gate as shown. S &gé |
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25.5 Bistable And Astable Circuits

(a) Bi~tablc circuits
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+ A histahle circuit has two stable states. They can be constructed by having fW? Cross-
4R N - coupled NAND gates.. ' -
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* A property of bistabel circuits is that they exhibit memory capabilities and they form the badish;
of memory circuits - ' . ’
(b) Astable circuits )
An astable logic circuit has no stable states. It only oscillates between two temporary Stales 2§
a steady rate. It can be used as a digital oscillator or a pulse train generator, which is shown &
. -t
e —— - below. it = D D A S o
a N & . w; .
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* The frequency of switching for the circuit is dependent on the values of Rand C. oé §°
(i) The greater the values of Rand C, the lower is the frequency. E S
- (i1) The lower the values of Rand C, (he higher is the frequency. __ . — £ 35
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