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(Physical Quantities)
Physical Quantities
qQuantitative versus qualitative
« Most observation in physics are quantitative
. Descriptive observations (or qualitative) are usually imprecise
Qualitative Observations Quantitative Observations

What can be measured with the

How do you measure artistic beauty?
instruments on an aeroplane?

Physical Quantities # S| units are used
} in Scientific works

A physical quantity is one that can be measured and consists of &
magnitude and unit.

N

Measuring length

By Jabran Ali Kamran 03364864345
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Physical quantities are classified into two types:

1. Base quantities
2. Derived quantities

Base quantity
Base are the quantities on t

the basic building block of @ house

Derived quantity

The quantities that aré expres
example is like the house that was build up from a colle
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(Physical Quanlillcq[

he basis of which other quantities are expressed. For example the brick

Sl Units for Base Quantity
S| Units — International System of Units

sed in terms of base gquantities are called derived quantities. For
ction of bricks (basic quantity)

Base Quantities Name of Unit Symbol of Unit "i
Length Metre m |
Mass Kilogram kg '|
Time Second s #
Electrical current Ampere A
Temperature Kelvin K
Amount of Substances Mole Mol %}

Derived quantity & equations

A derived quantity has an equation wh
derived unit in terms of base-unit equivalent.

Example: F = ma ; Newton = kg m g%

P = F/A : Pascal = kg m sm*=kg m” g2

ich links to other quantities. It £
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(Physical Quantities)
Some derived units

Derived quantity Base equivalent units Symbol |
Area Square meter m’ |
volume Cubic meter m’
Speed, velocity Meter per second m/s or ms’
Acceleration Meter per second squared | m/s/s o ms™
Density Kilogram per cubic meter | K m~
Amount concentration Mole per cubic meter Mol m™
Force kg ms™* Newton
Work/ Energy kg m’s™ Joule
Power kg m’s™ Watt
Pressure kgm's* Pascal
Frequency s’ Hertz

Sl Units
1. Equation: area = length x width
In terms of base units: Units of area =m x m = m?
2. Equation: volume = length x width x height
In terms of base units: Units of volume = m x m x m = m’
3. Equation: density = mass + volume
In terms of base units: Units of density = kg m™
Work out the derived quantities for:

distance
time

1. Equation: Speed =

In terms of base units: Units of speed = ms™’

Velocity
time

2. Equation:  Acceleration =

In terms of base units: Units of acceleration = ms™
3. Equation: force = mass X acceleration

In terms of base units: Units of force = kg ms™

Pressure =§:: |

4, Equation:

In terms of base units: Units of pressure = Kgm™ s

5. Equation: Work = Force x Displacement @
In terms of base units: Units of work = Kgm?s™ g@
6. Equation: Power =Mﬂ3 %
Time
| By Jabran Ali Kamran 8 03364864345
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S| Units - Fill in..
Special Name
|
For you to know.._. -
| Physical Quantity | Defined as Unit  Specai —
LLDM?)nnigym ll Mass (kg) + volume (m’) kgm® p——pecl |
. ntum | Mass (kg) » velocity (ms™) kgm” J T —
| Force | Mass (kg) » acceleration (ms?) kg m? —  Newton
| Pressure | Force (kg msZor N) = area (m?) kg’ m? (Nm_'zmEL
| Work (energy)  Force (kg ms” or N) x distance (m) kg* m™ (Js” \m—@L
Powef _Wok (kg m* s* or J) = time (s) Kgm®s™(Js')  wat (
Electnt_:al gharge Current (A) x time (s) As Coulomb (C
Potential difference | Energy (kgm?sZor J) + charge (A s or C) t? [r:n; As® ‘VORM\L
Resistance Potential Difference (kg? A" 52 or V) |(<3 ?j)ﬁz s  [Ohm(Q) ﬁ

Reference Link — Physical quantities
http://thinkzone.wlonk.com/Units/PhysQuantities.htm
Key Concepts

1. A physical quantity is a quantity that can be measured and consists of a numerical
magnitude and a unit.

2. The physical quantities can be classified into base quantities and derived quantities.
3. There are seven base quantities: length, mass, time, current, temperature, amount of
substance and luminous intensity.

4. The SI units for length, mass, time, temperature and amount of substz
are metre, kilogram, second, kelvin, mole and ampere respectively

Homogeneity of an equation
An equation is homogeneous if quantities on both sides of the equation
cEg.s=ut+%at’
«LHS :unitofs=m
« RHS : unit of ut = ms-1xs =m

a L Q;
« Unit of at2 = ms?xs’=m
« Unit on LHS = unit on RHS

« Hence equation is homogeneous

03364864345
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Non-homogeneous

* P = pgh'
';."tS:lﬂdP=Nm":=kgrn"s"z

* RS : unit ofpgh” = kgm(ms“)(m’) = kgs™
*» Unit on LHS = unit on RHS

* Hence equation is not homogeneous
Homogeneity of an equation
= Note: numbers has no unit

+ Some constants have no unit.

&g X,

- A homageneous eqn may not be physically correct but a physically correct eqn is definitely
AOMOQENSOUS

_§=2ut + at” (homogenous but not correct)

ma (homaoganeous and correct)

Magnitude

- Srafix magnitudes of physical quantity range from very large to very small.

- £ ¢ mass of sun is 10% kg and mass of electron is 10" kg.

- Hance. prefix is used to describe these magnitudes.

Significant number

« Magnitudes of physical quantities are often quoted in terms of significant number.

. :r;n.‘ml now many sig. fig. in these numbers?

-« 703 *00.0. 0.030. 0.4004, 200

- F vou muiltply 2.3 and 1.45, how many of should you quote?

«3.18 3335, 348

2312 3335 3358 @\y

The rules for identifying significant figures é

« The rulles for identfying significant figures when writing or interpreting numbe . follows:-
cam figures (9 and

- &] non-zero digits are considered significant. For example, 91 has two sign{i
- Zaros appearing anywhere between two non-zero digits are signi mple: 101.1203 has

n o
N @

<1 while 12345 has five significant figures (1, 2, 3, 4 and 5). e

ificant figures: 5 and 2.
For example, 12.2300 has

300 still has only six significant
, 120.00 has five significant figures

-_aigzuusammtm For example, 0.00052 has
Tﬂgmhamrbawtaiﬁgadeﬁmlpoi:ﬂare )

mwtzza.omo.m
gmmmmm1mmygm:n).l
smce i has free railing Zeros.
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(Physical Quantitiey)

* Often you will be asked to estimate some magnitudes of physical quantities around you.

* E.g. estimate the height of the ceiling,
of hair,

Reference link:
hitp://www.xtremepapers.com/revision/a - IeveIfghygicslmeasuramgnl.ghg
Estimates of physical quantities

* When making an estimate, it is only reasonable to give the fi
ure to 1
figures since an estimate is not very precise. 9 9 or &t most 2 significant

volume of an apple, mass of an apple, diameter of a strang

Physical Quantity Reasonable Estimate |
Mass of 3 cans (330 ml) of Pepsi 1k |
Mass of a medium - sized car 1000 kg |
Length of a football field 100 m ]
Reaction time of a young man 0.2s |

* Occasionally, students are asked to estimate the area under a graph. The usual method of
counting squares within the enclosed area is used.

Convention for labelling tables and graphs

= The symbol / unit is indicated at the italics as indicated in the data column left.
« Then fill in the data with pure numbers.

* Then plot the graph after labelling x axis and y axis

t/'s vims™
0 2.5
1.0 4.0
2.0 5.5
0\
g %
03364864345
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Prefixes

(Physical Quantities)

* For very large or very small numbers, we can use standard prefixes with the base units.

» The main prefixes that you need to know are shown in the table.

+ Prefixes simplify the writing of very large or very small quantities

Prefix Abbreviation Power

nano n 10
micro H 10°
milli m 10°
centi c 10
deci d 10

kilo k :gz
mega M

iag G 10°
F?e%a ? ??

« Alternative writing method
+ Using standard form

«N x 10" where 1 < N < 10 and n is an integer

This galaxy is about 2.5 x 10°
light years from the Earth.

Scalars and Vectors

The diameter of this atom
is about 1 x 10-° m.

Scalar quantities are quantities that have magnitude only. Two examples are shown below: Q \

l By Jabran Ali Kamran

13

vt o o

yuutuuu.uu

+92 336 7801123

03364864345

|

y

Scanned by CamScanner



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

www.megalecture.com

Example: 4kg plus Bkg gives the answer 10 kg

Vector Quantities

Vector quantities are quantities that have both magnitude and direction

Magnitude = 100 N

Direction = Left

Examples of scalars and vectors

Scalars Vectors
Distance Risplacement
Speed Velocity
Mass Weight
Time Acceleration
Pressure Force
Energy Momentum
Volume |
Density
Direction of vector
.
eg B \N Vector A-E 20° Nor
N70°E %
W /Ztl/i' Vector B - N 30°W or %
W 60°N g R
40
Vector C -
o
03364864345
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Adding/Subtracting Vectors Using Graphical Method
o Parallel vectors can be added arithmetically

3

4N

6N 4N
2N

[

2N 2N

1

« Non — Parallel vectors are added by graphical means using the parallelogram law.
Vectors can be represented graphically by arrows.

5.0cm = 20.0N
- ~ Direction = right

>l

» The length of the arrow represents the magnitude of the vector
« The direction of the arrow represents the direction of the vector
« The magnitude and direction of the resultant vector can be found using an accurate scale

drawing.

Vector Addition
(@) Drawing method

What wil be the result of

E g Below are two vectors & and B. adding them up? The resultant

veclor is the one that you get

$ when you add two or more

A vectors together. It is a single

—+* B vector that has the same effect

;f as all the others put together. \
'y e Let's describe the result as C. @
/ ! e SoC=A+B )
!r ~"\
J", \\‘
/ s

/ -~

! ' 4 -
- -_J:oi; will connect the two vectors in this manner. The teil of gv‘tummcts to the
(head Ofﬁ‘} -

S

03364864345
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(Physical Quantitics)

Vector Operation
+ Vector problem must be solved vectorically unlike scalar quantity,
*EQ.ANs4AN=6N

5N
4N
N
Addition using drawing method
C
B

2

Reference link: Vector addition
LlllD;;’;'VNm,r)hvsicsclas‘sroom.comiclassfveciors!uﬁﬂ b.cfm

Subtraction using drawing method

Parallelogram law of vector addition

The parallelogram law of vector addition states that if two vectors acting at are rgpresented

by the sides of a parallelogram drawn from that point, their regultant is repres emed
which passes through that point of the parallelogram

=

—

03364864345
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Coplanar Vectors

« When 3 or more vectors need to be added, the same principles apply, provided the vectors are

all on the same plane i.e. coplanar
« To subtract 2 vectors, reverse the direction i.e. change the sign of the vecto

and add

Change in a Vector

Case 1

If an object changes it's direction but not speed, then velocity vector will only change its dire
but not magnitude.

Case 2

If an _object changes it's direction and also speed, vector will change its di
magnitude. So the change in the vector would be final minus initial.

Components of a Vector

Any vector directed in two dimensions can be thought of as having an influence in two different
directions. That, it can be thought of as having two parts. Each part of a vector is known as a
component.

r to be subtracted,

ction

rection as well as

L 2N+ L4N = | 6N (2N and 4N are the components of 6N)

e of that vector in a given direction. The combined

The components of a vector depict the influenc
he single vector. The single

influence of the two components is equivalent to the influence of t
vector could be replaced by the two components.

Any vector can be thought of as having two different components. The component of a single
vector describes the influence of that vector in a given direction.

— - - —

3N + 4N = 7N (3N and 4N are the comipenents of 7?\1)

Resolution of vectors
Resolving vectors into two  perpendicular components
A vector can be broken down into components, which are

perpendicular to each other, so that the vector sum of these two F>
components, is equal to the original vector.

Splitting a vector into two components is called resolving the vector.
It is the reverse of using Pythagoras' theorem to add two
perpendicular vectors, and so adding the two components will give
you the original vector.
Resolving a vector requires some simple trigonometry. In the A
diagram, the vector to be resolved is the force, F for angle A; C

F.=FcosA

Fsin A

F,=

« The horizontal component of F . F, = Fcos 4

« The vertical componentof F:F, =FsinA @

17 03364864345
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Note that the two components do not have to be horizontal and vertical. The angle can be change
to any required direction, and both components will still be perpendicular to each othe,

F.=38.6 N

vert

sind0° = P

60N
F,, =60N xsin40°
F_ =38.6N

cos40° = Bl

60N
F, .. =60N xcos40°

F,.=459

In Short

Vectors addition and subtraction can be performed using diagram method or the resolve and
recombine method

Reference links - Vector Resolution
http://www.physicsclassroom.com/class/vectors/u3i1d.cfm

http://www.physicsclassroom.com/class/vectors/U3l1e.cfm

Key Concepts

1. Scalar quantities are quantities that only have magnitudes
2. Vector quantities are quantities that have both magnitude and direction

3. Parallel vectors can be added arithmetically

recombine method
Youtube videos links with explanationén:
General Physics - Physical quantities

http://www.youtube.com/watch?v=kuoQUv7bY2Y
http://www.youtube.com/watch?v=Rmy85_EwL0Y&feature=related

18 03364864345
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(Measuring Techniques)

Measuring Techniques

Measurement of Length

Length

» Measuring tape is used to measure relatively long lengths
» For shorter length, a metre rule or a shorter rule will be more accurate

Methods of measuring length

The metre rule

Simplest length-measuring instrument is the metre or hz!f metre rule (i.e 100 cm or 50 cm).
Smallest division on the metre rule is 1 mm. Should be abls ic take a reading with an uncertainty of
0.5 mm. Should be aware of 3 possible errors:

» End of the rule is worn out, giving an end error leading to something called a systematic

error
Calibration of the metre rule i.e. markings on the ruler are not accurate \
e Parallax error

[ In. A L N Vi
yottubecomfciviegatecture?
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(Measuring Technigues)

Correct way to read the scale on a ruler

« Position eye perpendicularly at the mark on the scale to avoids parallax errors
 Another reason for error: object not align

B3am
correct
82em __
wrong T __ g5am
\ /@“m
7 0. 1

Vernier Calipers

» The object being measured is between 2.4 cm and 2.5 cm long.
The second decimal number is the marking on the vernier scale which coincides with a

marking on the main scale.
Here the eighth marking on the vernier scale coincides with the marking at C on the main

scale
* Therefore the distance AB is 0.08 cm, i.e. the length of the object is 2.48 cm

AB Cc
y man scale
% S A T %
NETIRRREERESNI RRRTRUNNTE,
TFIT[IHI
é / —t— Vemier scale
object 5
measured

Micrometer Screw Gauge

To measure diameter of fine wires, thickness of paper and small le eter screw

gauge is used. The micrometer has two scales:

¢ Main scale on the sleeve
e Circular scale on the thimble

There are 50 divisions on the thimble. One complete turn of the
mm

youtube.com/c/Megalecture/
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(Measuring Technigues)

Precautions when using a micrometer

1. Never tighten thimble too much

2. Clean the ends of the anvil and spindle before making a measurement
» Any dirt on either of surfaces could affect the reading

3. Sdh;ck for zero error by closing the micrometer when there is nothing between the anvil and
spindle.

» The reading should be zero, but it is common to find a small zero error
> Correct zero error by adjusting the final measurement

Measurement an Angle

e Protractor. Place protractor's center at a vertex of the angle
ex of the angle you will measure. Move the pencil in a
one of the lines). Click to set the start of the angle.

To measure and an angle. Take th
(where two lines meet). Click to set the vert
circle until it is touching the start of the angle (

ouching the end of the angle (other line). Notice that the
s, on its edge. Click to measure angle.

Move the pencil in a circle until it is t
protractor has marks, indicating 15 degree increment

] & oo Mo

Yo
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Measurement of Mass

Top-pan balance, The spring balance , Lever balance, Triple Beam Balance

Instruments used are top-pan balance, lever balances and the spring balance. Spring balance
measures directly both in force units i.e. Newton and also in kilograms.

Top-pan balance

Ensure that the initial (unloaded) reading is zero. There is a control for adjusting the zero reading,
balance may have a tare facility i.e. mass of material added to the container is obtained directly
uncertainty will be quoted by manufacturer in the manual, usually as a percentage of the reading

shown on the scale

The spring balance

The spring balance is based on Hooke's Law which states that extension is proportional to the
load; measurement is made directly by a moving over a circular scale

» Should be careful of zero error, usually has a zero error adjustmef
» Parallax error

Lever/Beam balances

Lever/Beam balances is based on principle of moments whe
slider, calibrated in mass units. You should be aware of zero e

N2344864345
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(Measuring Techmiques)

Measurement of Time

Time

The oscillation of a simple pendulum is an example of a regularly repeating motion. The
time for 1 complete oscillation is referred to as the period of the oscillation.

Stopwatch

Stopwatch is used to measure short intervals of time. There are two types: digital stopwatch,
analogue stopwatch. Digital stopwatch more accurate as it can measure time in intervals of 0.01
seconds. Analogue stopwatch measures time in intervals of 0.1 seconds.

+9'2 336 7801123 Scanned by CamScanner
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Errors occur in measuring time

If digital stopwatch is used to time a race, should not record time to the nearest 0.01 s. Reactiop
few hundredths of a second

time in starting and stopping the watch will be more than a

use

struments do not read exactly zero when nothing is being measured. Happen beca
e minor fault in the instrument. Add or subtract the zero efror

Many in
e to obtain accurate readings. Vernier calipers or micrometer

they are out of adjustment or som
from the reading shown on the scal
screw gauge give more accurate measurements.

Application: Measurement of Time

1) Determination of the acceleration of Free Fall

(will study this in detail in chapter : Kinematics)

Reference Notes:

International A level Physics by Chris & Mike

Methods of Measuring Temperature

The Mercury in glass Thermometer

in-glass thermometer is a thermometer which provides temperature readings through

A mercury-
of mercury inside a calibrated tube.

the expansion and contraction

The Thermocouple Thermometer

A thermocouple does not measure absolute temp
between two points. When one end of a conductor, such as a metal s
creates a voltage between the two ends. The greater the temperature
current. Different metals react at different rates, and a thermocoupie 3

metals, joined at the sensor end. At the circuitry end, they ars attached to a meter es !E
ifferential. N

erature, but rather the differs
trip, iShotterthian the ofher, it

—

03364864345

I By Jabran Ali Kamran 24

youtube.com/c/Megalecture/
+92 336 7801123

[
Scanned by CamScanner



For Live Classes, Recorded Lectures, Notes & Past Papers visit:
www.megalecture.com

Measuring Technigu

Calibration Curves

An unmarked thermometer (alcohol in this example.) can be calibrated using a mercury
thermometer as a standard. Both thermometers are placed in melting ice (0 degrees C), the length
of the alcohol "thread" is noted. A heater is switched on causing the water temperature to gradually
increase. For at least six temperature values the corresponding length of the alcohol thread is
noted. A graph of length of alcohol thread against temperature is the required calibration curve.

Plot a graph, on graph paper, of length of alcohol thread (y axis) against temperature. Any
temperature between 0 and 100 degrees can now be measured using the unmarked thermometer.

Place it in a beaker of moderately hot water, measure the length of the alcohol thread and, from
the calibration curve, read the corresponding temperature.

Analogue meters

An analogue meter can display any value within the range available on its scale. However, the
precision of readings is limited by our ability to read them. For example the meter on the right
shows 1.25V because the pointer is estimated to be half way between 1.2 and 1.3. The analogue
meter can show any value between 1.2 and 1.3 but we are unable to read the scale more precisely
than about half a division.

A 2 }3 g
l
S gt o

v

A Galvanometer \

A galvanometer is a type of sensitive ammeter(an instrument for detecting electric curre@ an
analog electromechanical transducer that produces a rotary deflection of some ty peinter in

response to electric current flowing through its coil in a magnetic field. @

S

+9'2 336 7801123 Scanned by CamScanner
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(Measuring Technigun]

Galvanometer - Null method

A maihad of obtaining measurements or comparisons, in which the measurement is COrreg
whan Ihe Seflection of the galvanometer or other indicator is zero, nought or null.

The ahvaes advantages attach to null methods in electric galvanometer work - one is that an
NI galvenameter can be employed, the other is that a galvanometer of any high degree

O sanstieness can be employed, there being no restriction as to its fineness of winding or
Hghness of resistance.

Mathods of measuring current and potential difference
Digital Maters

-\: SQR3! mater is @ dewvice usad by technicians to test and measure
SRS arcuits, Most of them are portable, battery-powered units.

The} Show measurements as numbers and symbols on an electronic
ST

Ogital mult-meters measure voltage, current, resistance and related
alagctronic parameters. You select the quantity you want to measure,
Duch the meter's probe wires to a dircuit, then read the results on the
c=niav.

Multimeters

A mulimeter measures electrical properties such as AC or OC
VOREge, cument and resistance. Rather than have separate metars,
this cavice combines & voltmeter, an ammeter, and an ohmmetet.
Electncians and the general public might use it on batteries,
componants, switches, power sources, and motors to diagnose
elactnica! malfunctions and nammow down their cause.

Analogue & Digital

Analogue Scales

Anzlogue scales have round dials, where a pointer moves clockwise

fractionz! amounts.

Digital Scales
Digital scales have LCD or LED number displays. There are nogoint
By Jabran Ali Kamran 26 03364864345
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(Measuring Techniques)

it

Accurate Measurement
Random Errors

Random errors occur in all measurements. They arise when observers estimate the last figure of
an instrument reading. It is called random errors because they are unpredictable. You can
minimize such errors by averaging a large number of readings.

Systematic Errors

Systematic errors are not random but constant. They can cause an experimenter to consistently
underestimate or overestimate a reading due to the equipment being used — e.g. a ruler with zero
error. This may be due to environmental factors — e.g. weather conditions on a particular day. It
cannot be reduced by averaging, but they can be eliminated if the sources of the errors are known

| Difference . Systematic Random
between
Direction of error ’ - | Both direction
| (plus/ minus)
Eliminate/ red uce | Can be eliminated | Can reduce
i Cannot reduce | Cannot eliminate

What type of error is

a) Reaction time? ®¥

b) Parallax error? ®®
Systematic Errors @
Q

These are ermors in the experimental method or equipment where re@? re either always too
2

big or always too small compared to the actual value. For example, if yourwewton-meter reads 0.2
N with no weights on it, then your measurements of force will al be-2’2 N too large.
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What are zero errors?

Remember to check for any zero errors for your measuring Instruments before you start. Anothe
ax when reading scales with your eye In the wrong position, as shown i

example is if you get parall
the diagram.

specific heat capacity, there will always be thermal energy
hat affect your temperature rise reading in this process?
be too small. This is another

f the water would always
ur experiment carefully to correct for errors

rain precautions for different types of

If vou heat some water to measure its
lost to the surroundings. So how will t
Measurement of the temperature rise 0
systematic error. Therefore, you will need to design yo
like this thermal energy loss. You will also need 0 take ce

experiments.
Systematic Errors

e Are TYPICALLY present.
Measurements are given as:

ther chstribition of X
walt sy stemalc e

the distibubon of X with
na systemalc e

R
Nolice that systemealic eno tﬁ.\rs\‘

affect ihe average = we cal
VS . . N %)
Measurement + Systematic Error
OR @
™

Measurement - Systematic Error
03364864345
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asu Tec

Sources:

Instrumental, physical and human limitations.
Example: Device is out-of calibration.

How to minimize them?

» Careful calibration.
» Best possible techniques.

Random Errors

These are errors which sometimes mean that readings are too big, and sometimes too small

compared to the actual value. For example, when you are timing oscillations, what i
i imi ! ’ s th
error here? error in your timing because of your reactions. v able s

There are also random errors when reading ammeters or voltmeters. For example, a reading of 1.0

V means that the voltage is between 0.95 V and 1.05 V, and we are not sure if the reading is too
high or too low.

» ALWAYS present.
» Measurements are often shown as:

the distribution of X
with random error

frequency

the distribution of X
\' with no random error

_.__—I‘.‘.___ SsnRls R,

/_.—-- — “._—\
Notice that randorn ermor doesn't
affect the average, only the

| vanabiity around meavemg_e/ \?
Measurement + Random Error § :;
Sources: @:; >

» Operator errors \
» Changes in experimental conditions §

How to minimize them? @
o Take repeated measurements and calculate their awﬁ@

03364864345
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Accuracy and Precision ~

Precision
» Precision is the degree of exactness to which a measurement can be reproduced.

* The precision of an instrument is limited by the smallest division on the measurement scale
* |t also means, how close the readings are to each other.

Accuracy

e The accuracy of a measurement describes how well the result agrees with an accepted valug,
e Itis taken as the difference between the measured value and accepted value.

An Analogy

The dots represent bullet holes in the target.

Yol

Draw an analogy between accuracy and precision using the above 3 diagrams.

&

|
'5

e The first target shows moderate accuracy and poor precision;

e The second shows good precision and poor accuracy.

7

03364864345
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Measuring Technigu

» The third represents good accuracy and good precision.

&

\ Precision Accuracy

Meaning Spreading about average | Nearness to actual value
values

Affected by Random error Systematic error

To improve Repeat and average/ plot Technique, accurate
graph instrument

Graph feature Scattering about straight Straight line parallel to
line best fit

No measurement is absolute. Therefore measurements must be written together with uncertainty
Eg.L=25+0.1cm
Youtube reference

http://www.youtube.com/watch?v=QruAxiYSIAY

http://www.youtube.com/watch?v=1dTn2pt5PuA

http://www.youtube.com/watch?v=F2pVw5FOiyA
Limit of Reading and Uncertainty

» The Limit of Reading of @ measurement is equal fo the smallest graduation of the scale %

instrument.
* The Degree of Uncertainty of a reading (end reading) is equal to half the smallest gr@%ﬁ

the scale of an instrument.
¢ e.g. Ifthe limit of reading is 0.1cm then the uncertainty range is +0.05cm
This is the absolute uncertainty @

Reducing the Effects of Random Uncertainties
Take multiple readings. When a series of readings are taken fosurement, then the
arithmetic mean of the reading is taken as the most probable answer greatest deviation from

the mean is taken as the absolute error. @

S
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Absolute/fractional errors and percentage errors

We use % to show an error in a measurement

(208 + 1) mm is a fairly precise measurement

(2 £ 1) mm is highly inaccurate

In order to compare uncertainties, i i

bl il p es, use is made of absolute, fractional and Percentag
1 mm is the absolute uncertainty

1/208 is the fractional uncertainty (0.0048)

0.48 % is the percentage uncertainty.

Uncertainties

Every measurement has an uncertainty or error.

e.g. time = 5 seconds t 1 second
The £ 1 second is called the
absolute uncertainty

There are three main types of uncertainty.

» Random Uncertainties |
> Systematic Errors |
» Reading Uncertainties 1

Random Uncertainties

Repeated measurements of the same quantity, gives a range of readings. The random uncertainty
is found using:

max reading - min reading
number of readings

random uncertainty =

Taking more measurements will help eliminate (or reduce) random uncertainties. The mean is the
best estimate of the true value.

Example 1

Five measurements are taken to determine the length of a card.
209mm, 210mm, 209mm, 210mm, 200mm

(a) Calculate the mean length of card.
(b) Find the random uncertainty in the measurements.

(c) Express mean length including the absolute uncertainty.

l By Jabran Ali Kamran 32
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(Measuring Techmigues)
209 + 210 + 209 + 210 + 200
mean length = ——— 5
_ 1038
(a) a3

mean length = 208 mm
give the mean to same number of significant figures as measurements

max reading - min reading
number of readings

random uncertainty =

b) - 210 - 200
( 5
=2mm
(c) length of card (c) = 208 mm £+ 2 mm

The “+ 2mm" is the absolute uncertainty.

Question

Repeated measurements of speed give the following results:
9.87 ms”, 9.80 ms™, 9.81 ms™, 9.85 ms™

(a) Calculate the mean speed.

(b) Find the random uncertainty.

(c) Express mean speed including the absolute uncertainty.

Answer key
Repeated measurements of speed give the following results: v\

9.87 ms”, 9.80 ms”, 9.81 ms™, 9.85 ms™

(a) Calculate the mean speed. @
9.83 ms” :;
(b) Find the random uncertainty. @\

0.02 ms™ @
(c) Express mean speed including the absolute unceﬂai%@
9.83 ms™ +0.02 ms™ %

I By Jabran Ali Kamran 33
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Reading Uncertainties

A reading uncedtaint is how aceurately an instruments scale can be read.

Analoque Scales

Whare the givisiong are faidy large, the uncertainty Is taken as: | Half the smallest scale division]

\Whare the divisions are small, the uncertainty is taken as: g e T
™
,"/-,
_,,/' 2
‘/’/‘:‘ ‘
/-'
" d
/

Digital Scale (example 1) \J{)

For a digital scale, the uncertainty is taken as: Er 1e smallest scale 1 ac{
§ A

e.g. voltage = 29.7 mV 0.1 mV N 7 ,l
q '~ ,'
This means the actual reading could be anywhere from i B R l ) J

64345
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(Measuring Techmigues)
Percentage Uncertainty
The percentage uncertainty is calculated as follows:
% uncertainty = SO ur-tcertainty x 100
reading
Example 1
Calculate the percentage uncertainty of the measurement:
d = 8cm £ 0.5cm
uplortainty = absolute Uﬁcenainty £100
reading \
R §/
= U—B:' 3100 -~
=0.0625 = 100
=6.25% @@2

(d =8cm + 6.25) §\
&
>
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Question 1
Calculate the % uncertainty of the following:
a)l=5A105A
b)t=20st1s
c)m=1000g ¢ 1g
d) E = 500J £ 25)
e) F=6N+ 05N
Answer key
Calculate the % uncertainty of the following:
a)=5A+0.5A
10 %
b)t=20s + 1s
5%

c) m=1000g + 1g

d) E = 500J £ 25J
5%
e) F=6N = 0.5N
8.3 %
Combining uncertainties
For addition, add absolute uncertainties

y=b+c thenyt 8y =(b+c)x(db + d¢)
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(Measuring Technlques)

Example:

Two volumes of water were added to a beaker. The volumes measured are as follow:
Volume A= 150 + 0.1 m®

Volume B =250+ 0.1 m*

Determine the final volume together with its uncertainty

Ans: 40.0 + 0.2 m3a

For subtraction, add absolute uncertainties

y=b-c,theny+ dy = (b-c) (8b + 8¢)

Example :

A student measured the temperature of a beaker of water before and after heating. The readings
are as follow:

Initial temperature = 25.0 + 0.5° C.

Final temperature = 40.0 + 0.5° C.

Determine the temperature rise together with its uncertainty

Ans: 15 + 1° C (final value rounded up to nearest 1° C)

For multiplication and division add percentage /fractional uncertainties

& &b bc

X-‘-bxc,then ?$?+—c— \
For finding percentage, we have multiply fractional error by 100. @\y
03364864345
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Combining Uncertainties (Example for multiplication & Division)

(Measuring Techniquey)

A————

mass of object = 1.50 £ 0.01 kg
Velocity of object =2.0 £ 0.2 ms’
Ans: uncertainty = 0.32

Multiplication pivlllon : :
Determine the momentum together with Determine the density of water given the
uncertainty given that measurements below
Mass, m=50+1g

But final answer = 3.0 £ 0.3 kgms™” Working :
Working D=mNV
P=mv 5,9_@ QK
& _bm b D m V
P m v 8D -L i
&P _001 02 096 50 52
3 1 2

Volume,V=52+%5 em?,
Ans: density = 1.0 £ 0.1 gem?®

When using powers, multiply the percentage uncertainty by the power

z=Db" then -a—z=a@
z b

Example:

Determine the density of iron given the measurements below

Mass, m=37810.1g

Diameter of sphere, d =2.10 £ 0.01 cm.

Ans: density = 7.8 £ 0.1 gcm™
Explanation on Slide No. f1
Determine Density
Givenm=378£0.1g

d=210%0.01cm
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(Measuring Technigues)
Eirstly find density
L L ] 4,
p- ” 'm']‘" ‘]'[d" V‘—:-jﬂr —‘
6 . \
4 (d\ 4 4 |
:— V:— — = o P —
WL TS 3“[2J 38
T~
Combining Uncertainties 1

When using power multiply the % uncertainty by the power

ex;z=b"then E:L':b

Next find uncertainty of density Ap
So,

Ap 0.1 3x0.01

p 378 210
Ap=(&l_+3x0.01)

378 210
=0.132

Sop=717.79and Ap =0.1

Final answer is 7.9 + 0.1 gcm™

Significant Figures and Calculations

What is the difference between lengths of 4 m, 4.0 m and 4.00 m? \

Writing 5.00 m implies that we have measured the length more p_recisely than if we
Wiriting 5.00 m tells us that the length is accurate to the nearest centimetre. §

(First alternative)

How many significant figures should you give in your answers to calcu

This depends on the precision of the raw numbers you use in the cal@

be any more precise than the data you use. @

latighs

f. Your answer cannot

03364864345
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(Second alternative)

This means that you should round your answer to the same number of significant figures ag

those used in the calculation. If some of the figures are given less precisely than others
round up to the lowest number of significant figures. " then

Example

The swimmer covers a distance of 100.0 m in 68 s. Calculate her average speed.

d|st§nce travelled - 100.0 m —1.4705882 m 5™
time taken 68 s

speed =

Qur final answer should be stated as:

» 1.5ms™ (2s.f)
» 1.47ms" (3sf)

Example : Combining Uncertainties

Use the following data to calculate the speed, and the uncertainty in speed, of a moving object.
|

Calculation of Speed

d=16cm+0.5cm
t=2s+05s

v=7

5

%
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(Measuring Techniques)

Elgulation of Uncertainty

absolute ur?cenalnty <100
reading

% emorind =

=95 100
16

=31%

absolute uncertainty <100
reading

% errorint =
= 23,100
=25%
Uncertainty in Speed
The biggest uncertainty is used, so get: v =8 cms™ £ 25%

v =25% of 8cms™

The absolute uncertainty in the speed: = 0.25% x 8

=2cms”
Answer v = 8cms™ + 2cms” OR v=_8cms” +25%
Cathode Ray Oscilloscope
Reference Link
http://www.kpsec.freeuk.com/cro.html \
. Bright spot @V
Horizontal on SCTeen
‘; deflection plates B / where
u;hm A‘qude : I [ £\ electrons hit %
Woid e
Heater __ | | JET AR eeee e
current —T—D> E'I“ . el \ : @
oA * Fluorescent !
G ‘d/ By screcn
= Pathof
smad / electrons
Vertical
deflection
plates
N/

An oscilloscope is a test instrument which allows you t% e 'shape’ of electrical signals by
displaying a graph of voltage against time on its scr 7a\lke a voltmeter with the valuable extra

function of showing how the voltage varies with The 1cm grid enables you to take
measurements of voltage and time from the screen.
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actrons striking the phosphor coay
to the way a tefeviah

is is similar

eam of el
r blue. Th

y called the trace, is drawn byab
t light, usually green 0O

The graph, usuall
king it emi

of the screen ma
picture is produced.

ectrode) at one end 1o emit
pidly down the fube
lectrodes to

cathode (negative el
they move ra

Oscilloscopes contain a vacuum tube with a
ccelerate them SO i
tube also contains e

electrons and an anode (positive electrode) o @
arrangement is called an electron gun- The

to the screen. This _
deflect the electron beam up/down and left/right.

y are emitted by the cathode and this gives the

ed cathode rays because the
CRO.
/

The electrons are call
me of cathode ray oscilloscope or

oscilloscope its full na

Obtaining a clear and stable trace

e to the circuit you wish to test you will need fo adjust the

he screen: The Y AMPLIFIER (VOLTS/CM) control
e occupies at least half the screen

ected the oscilloscop
tting so the trac

Once you have conn

controls to obtain a clear and stable trace on t

determines the height of the trace. Choose a s€
ar off the screen.

height, but does not disappe
te at which the dot sweeps across the

the signal across the screen.

control determines the ra
t one cycle of

The TIMEBASE (TIME/CM)
the trace shows at leas
y best left set to AUTO.

screen. Choose a setting so
The TRIGGER control is usuall
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(Measuring Technigues)

suring voltage and time period

trace on an oscilloscope screen is a graph of voltage against time. The shape of this graph is
ined by the nature of the input signal. In addition to the properties labelled on the graph,
is frequency which is the number of cycles per second.

vohage ¢

hei=d8
U\

Measuring voltage and time period

Amplitude is the maximum voltage reached by the signal. It is measured in volts, V. Peak voltage
is another name for amplitude. Peak-peak voltage is twice the peak voltage (amplitude). When
reading an oscilloscope trace it is usual to measure peak-peak voltage. Time period is the time
taken for the signal to complete one cycle. It is measured in seconds (s), but time periods tend to
be short so milliseconds (ms) and microseconds (ps) are often used. 1ms = 0.001s and 1us =
0.000001s. Frequency is the number of cycles per second. It is measured in hertz (Hz), but
frequencies tend to be high so kilohertz (kHz) and megahertz (MHz) are often used. 1kHz =
1000Hz and 1MHz = 1000000Hz.

Frequency = 1/time period and vice versa

Calculating Voltage

Voltage is shown on the vertical y-axis and the scale is determined by the Y AMPLIFIER
(VOLTS/CM) control. Usually peak-peak voltage is measured because it can be read correctly

even if the position of 0V is not known. The amplitude is half the peak-peak voltage.
Voltage = distance in cm x volts/cm \

Example: peak-peak voltage = 4.2cm x 2V/cm = 8.4V @X
amplitude (peak voltage) = %2 x peak-peak voltage = 4.2V @

Calculating Time period

EBASE (TIME/CM)

Time is shown on the horizontal x-axis and the scale is determined by
ycle of the signal. The

control. The time period (often just called period) is the time for one
frequency is the number of cyles per second, frequency = 1/tim joch

Time period = distance in cm x time/cm g@

(v

Given time/cm as 5ms/cm %
Example: time period = 4.0cm x 5ms/cm = 20ms
| By Jabran Ali Kamran 43 03364864345
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Youtube links to explanation on:

* hitp /A www .youtube.com/watch ?v=F2pVw5F OiyA
* hitp//www. youtube com/watch?v=ilyGPVOEMf4
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(Kinematics)

Kinematics (Newtonian Mechanics)

B ;t:t?gno;f Pgﬁgtss begéns with mechanics. Mechanics is the branch of physics that focuses on
b rjn o and the forcgs that cause the motion to change. There are two parts to
mechbe mloti i ics and Dynamics. Kinematics deals with the concepts that are needed to
descri on, without any reference to forces. Dynamics deals with the effect that forces have

on motion.

Introduction
ng words, diagrams, graphs, and

Kinematics is the science of describin i i '
, . . g the motion of objects usi
equations. The goal of kinematics is to develop mental models to describe the motion of real-world

objects. We will learn to describe motion using:

1. Words
2. Diagrams
3. Graphs
4. Equations

Describing Motion with words
a person without a background in physics

The motion of objects can be described by words. Even

has a collection of words, which can be used to describe moving objects. For example, going
faster, .stopped, slowing down, speeding up, and tumning provide a sufficient vocabulary for
describing the motion of objects. In physics, we use these words as the language of kinematics.

4. Distance and Displacement
2. Speed and Velocity

3. Acceleration
These words which are used to describe the motion of objects can be divided into two categories.

The quantity is either a vector or scalar.

1. Scalars are quantities which are described by a magnitude only.
2. Vectors are quantities which are described by both 2 magnitude and a direction. (B\V

i Distance

Distance refers to the total length
of the direction of the

- Displacement o ol
Displacement refers to the dista
particular direction. It is the 0
change in position. Itis a

of travel
motion. Itis a

irrespective
scalar quantity. S| unit: metre (m) Other
common units: kilometre (km), centimeter (cm) | metre (m) Other comm:
centimeter (cm) O@ ]
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Distance vs. Displacement
« You drive the path, and your odometer goes up (your distance).

« Your displacement is the shorter directed distance from start to stop (green amow).

For Live Classes, Recorded Lectures, Notes & Past Papers visit: '
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Example 1
A student walks 4 m East, 2 m South, 4 m West, and finally 2 m North.
4m
2m 2m
4m

Total distance =12 m
During the course of his motion, the total length of travei is 12 m.
4m

'y
L

2m

4m

Total displacement = 0 m

When he is finished walking, there is no change in his position. The 4
m west: and the 2 m south is “canceled by” the 2 m north.

Speed

Speed is the rate of change of distance. Velocity is
It is a scalar quantity. directiondt is also defined\as t t
_ distance travelled

Speed = — - ken It is a vector
Velocity = Shan

By Jabran Ali Kamran 46
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When evaluating the velocity of an object, one must keep track of direction. The direction of the
velocity vector is the same as the direction which an object Is moving. (It would not matter whether
the object is speeding up or slowing down.) For example: If an object is moving rightwards, then its
velocity is described as being rightwards. Boeing 747 moving towards the west with a speed of
260m/s has a velocity of 260m/s, west. Note that speed has no direction (it Is a scalar) and velocity
at any instant is simply the speed with a direction.

Instantaneous Speed and Average Speed

As an object moves, it often undergoes changes in speed. The speed at any instant is known as
I the instantaneous speed. (From the value of the speedometer) The average speed of the entire
| joumey can be calculated:
Total distance travelled
time taken

Average Speed =

Speed Vs Velocity

An object is moving in a circle at a constant speed of 10 m s™'. We say that it has a constant speed
but its velocity is not constant. Why?

Direction of Motion

The direction of the object keeps changing.

Acceleration

An object whose velocity is changing is said to accelerate. If the direction and / or s
moving object changes, the object is accelerating Acceleratior is the rate of change of v

Time | Velocity |

(s) (m/s)

— %
10

F &
s S
S
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8! unit: ms?
change in velocity

Accelration = time taken

Where a = acceleration, v =final velocity, u = initial velocity and t = time.

v-u

as —
t

Describing Motion with Graphs
1. Plot and interpret a distance-time graphand a speed-time graph.
2. Deduce from the shape of a distance-time graph when a body is:

(a) at rest

(b) moving with uniform speed 1

(c) moving with non-uniform speed !
3. Deduce from the shape of a Velocity-time graph when a body is:

(a) at rest
(b) moving with uniform speed
(c) moving with uniform acceleration

(d) moving with non-uniform acceleration
4. Calculate the area under a speed-time graph to determine the distance travelled for moti01

with uniform speed or uniform acceleration.

Key Concepts

Distance-time Graph
Gradient of the Distance-time Graph is the speed of the

moving object

Speed-time Graph
Gradient of the Speed-time Graph is the acceleration of the moving object. Area under the Speed-

time Graph is the distance travelled.

Distance-time Graph
mp post on the road and the distance of the ar fre

A car has travelled past a la
e distance and the time readings are reced gnd

measured every second. Th
using the data. The following pages are the results for four possibie jourmeys.

the greater the speed. j
r/ = --“_'"—‘—«.

the lamp post is
a graphnis plotted
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(Kinematics)

(a) Car at rest

Timein s 0 |1 (2 [3 [4 (5
Distanceinm |25 |25 [ 25| 25| 25|25

g 8 8 3

distance Inm
—
o

0 1 2 3 4 3
tmeins
The car is parked 25 m from the post. so the distance
remains the same.

(b) Car moving with uniform speed of 10 ms™
Timeins ol1 ]2 |3 [4 |5
Distanceinm | 0 [ 10 | 20 | 30 | 40 50

0 1 2 3 4 5
time In s

Distance increases 10 m for every 1 5.

(c) Car moving with non — uniform speed \
atin
(i) Car Accelerating ‘ - |
75 1oo| @y

distance inm
S & 8 8
G
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(ii) Car decelerating

E
5 60
.

i

L] 4  §

0 1 2
frne In 5
Spnddccmmﬂnatuvekamm
a5 time Increases.

The gradient of the distance-time graph gives the speed of the moving object.

Velocity — Time Graph
« The gradient of the velocity-time gradient gives a va

the acceleration of the object.
« The area below the velocity-time graph gives a value of the object's displacement.

lue of the changing rate in velocity, which ig

A

velocity/ms !
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(Kinematics)

| Analysing Velocity - Time Graph

* Uniform Velocity * Uniform Acceleration

A A

valocity/ms’
velocity/ms '

timels time/s

¢ Uniform deceleration * Increasing acceleration

A 3

velocityfma '
velocity/ms

Decreasing acceleration
A

velocity/ms

3
Vv
@@

How do you find the gradient of velocity-time graph? ;

» You need to select two points on the graph, for example (x4,y1) and

tima/s

» Once you have selected the points you put then into the equation (X2-X4)

» m = the gradient

The gradient represents the acceleration. In other words, We vertical reading from the
graph where the acceleration finishes and divide it by the reading where the acceleration
finishes.

S

By Jabran Ali Kamran 51 03364864345

= youtube.com/c/Megal ecture/——— '
+92 336 7801123 Scanned by CamScanner



For Live Classes, Recorded Lectures, Notes & Past Papers visit
www.megalecture.com

Example 1
Figure 2.14 shows the speed - time graph of a moving Iift.

speed /ms '

L
L
1]
L
L]
L}
L]
L}
L}

0 5 10 15 20 25 times
Figure 2.14

(a) What is the maximum speed of the lift?
(b) For how many seconds does the lift move?
(c) How much speed does lift gain in the first 10 seconds? What is its acceleration?

(d) What is the deceleration of the lift in the last 5 seconds?

Solution

(a) The maximum speed of the lift is 10 m s~

(b) The lift moves for 25 s.

(c) The lift gains 10 m s in the first 10 s.
10-0

Acceleration =

=1ms?

(d) Acceleration = %

=-2ms>
Therefore the deceleration is 2 m s

l By Jabran Ali Kamran 52
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Example 2
igure 2.15 shows the speed - time
qraph for a
the shape of the graph and describe thaptype of jrﬁg:lr::r\ylﬁfozgr?{lm‘: s hopmiciachudl. Loeke

peed

C 0
Ty -
Figure 2.15
Solution
0 left home.
O-A moving with uniform acceleration.
A-B moving with uniform speed.
B-C moving with uniform deceleration.
C-D moving with uniform speed (speed lower than A - B).
D-E moving with non = uniform deceleration (decreasing deceleration).
E-F not moving.
F-G moving with non - uniform acceleration (increasing acceleration).
G-H moving with uniform acceleration.
H reached school.
Area under a speed-time graph
The figure below shows the speed-time graph of a car travelling with a uniform speed of 20 r‘%‘
The distance travelled by the car is givei by V
Distance = speed x time = 20x 5 @
=100 m
The same information of distance travelled can also be gbtainad by calculating under the
speed-time graph. The area under 2 speed-time graph gives the distance t
404 0/_)
(¥

>

E -

§ 20

E “-’!!.l;. @

109 A
7/
e v a2 2 «
e N
Figure 116
03364864345
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Example 3 - Question

Figure 117 Speed-time graph of 3 car acoslerating. moving with
unitorm speed and then deceieratng

Figure 2.17 shows the speed - time graph of a car travelling along a straight road.

(a) What is the distance travelled during the first 10 s?

(b) What is the total distance travelled?

(¢) What is the total time taken for the whole journey?

(d) What is the average speed for the whole journey?

Solution

(a) During the first 10 s, distance travelled = area of triangle OAP J

= 1. %0
2

=150 m
(b) Total distance travelled = area of trapezium OABC

_ %x(20+42)x30

=930 m
(c) Time taken for the whole journey =42 s

Total distance travelled
Total time taken

(d) Average speed for the whole journey =

Fall Freely...
http://www.youtube.com/watch?v=go9uekKOckM
http://www.youtube.com/watch?v=FHtvDAOW34|

£

—
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(Kinematics)

Uniformly accelerated motion

Free fall is motion with no acceleration other than that provided by gravity.

In Other Words

A free-falling object is an object which is falling under the sole influence of
gravity. Any object which is being acted upon only be the force of gravity is said
to be in a state of free fall.

Free Fall

Any object which is moving and being acted upon only be the force of gravity is
said to be "in a state of free fall”. all objects fal! freely at @ ~ 10 m s when near
the earth and air resistance is negligible.

Speed of a free-falling body increases by 9.6 m s every second or when a body
is thrown up, its speed decreases by 9.8 m s every second. Although the
acceleration due to gravity is considered constant, it tends to vary slightly over
the earth since the earth is not a perfect sphere.

By Jabran Ali Kamran 55 03364864345

youtube.com/c/Megalecture/
+92 336 7801123 Scanned by CamScanner



For Live Classes, Recorded Lectures, Notes & Past Papers visit: ‘
www.megalecture.com |
(Kinemayigy)

Examples

Examples of abyects in Free fall

> A spacecraft (in space) with ita rockets off (®.9. In & continuous orblt, or golng up for
minutes, and then down) o

» The Moon orbiting around the Earth.

Examples of objects not in Free fall

» Standing on the ground: the gravitational acceleration Is counteracted by the normal force from
the ground.

»  Flying horizontally in an airplane: the wings' lift s also providing an acceleration.

Representing Free Fall by Graphs

¢ dtarts sow
Finishes with alarge
3 downward (-)
i v velodty
o
Time (s)

Free fall graphs shows:

» The line on the graph curves.
> A curved line on a position versus time graph signifies an accelerated motion.
> The position-time graph reveals that the object starts with a small velocity (slow) and finishes

with a large velocity (fast).
Check your Understanding!!

Questions to answers !

“Doesn't a8 more massive object accelerate at a greater rate than a less massive object?" "Wouldn't
an elephant free-fall faster than a mouse?"

The answer to the question (doesn't a8 more massive object accelerate at a greater rate than a less
massive object?) is absolutely NOT!

> That is, absolutely not if we are considering the specific type of fa

fall. S‘
> Free-fall is the motion of objects which move under the sole infliipnce of gravity; free-falling
\-.

objects do not encounter air resistance.

llig motfon known as free-

» More massive objects will only fall faster if there is an a
present. @
g R %
J—
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Force of gravity means the dog accelerates

To.start, the dog is falling slowly (it has not had time to speed up). There is really only one force
acting on the dog, the force of gravity. The dog falls faster (accelerates) due to this force.

\_)_

gravity \_)_

Gravity is still bigger than air resistance

As the dog falls faster, another force becomes bigger — air resistance. The Air resistance
force of gravity on the dog of course stays the same The force of gravity is
still bigger than the air resistance, so the dog continues to accelerate (get *
faster) ﬁ
Gravity = air resistance
Terminal Velocity

d air resistance increases, eventually the air .

gravity

As the dog falls faster an
resistance becomes as big as (equal to) the fo .
getting faster (accelerating and falls at constant speed. This v

the terminal Velocity.

rce of gravity. The dog stops
elocity is called

Air resistaince

| &
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Terminal Speed
The dog will continue to fall at constant speed (called the
terminal speed) until.............
A res:smance

gravity

Uniformly Accelerated Motion
Acceleration is defined as the rate of change of velocity with respect to time, in a given direction,
Th(‘e2 Sl units of acceleration are ms?. This would mean that if an object has an acceleration of 1
ms™ it will increase its velocity (in a given direction) 1 ms™ every second that it accelerates, It
g that velocity is varying with respect to time, we

means that acceleration is constant. This meanin
see this by this formula (v - u) /t (Time).

It means....
If an object is held stationary in a uniform gravitational field and when it is released, it will fall. It will
do so with uniform acceleration. Near the surface of the earth the acceleration is approximately 9.8
ms™. This means that every second that the object falls its velocity will increase by 9.8 ms™.

Check your understanding !
What happens if an object is thrown up?

What happens if an object is thrown up?

The acceleration is still downward. If an object is thrown up with an initial velocity of 30 ms™, after
one second it will only be going 20 ms™ up, after 2 seconds it will only be going 10 ms™, after 3
seconds the object will have zero velocity! Even if the objects velocity is ze e acceleration is

not zero.

©
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experiment with “g".
College building

Stop watch

A group of students on top fioor

A group of students on ground floor
Need to check the distance between top floor and ground, time to caiculate velocity.

(This expeniment will be carmied out during next lesson)
Upon investigation, g constant is found with one of the equations we have derived and It is as
' of

follows :
The actual explanation of why all objects accelerate at the same rate involves the concepts
force and mass.

Graph of free falling :
1. Dropping an object from high place
o Velocity - Time Graph
 Acceleration - Time
""r"""‘ Graph
| -
J
b |
] Tume’s I R
_0] Timehy
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Graph of free falling:
2. Launching Object Upward

[+ Velocity - Time Graph -
.! i giggl:ration - Time ::"
S —
I '
0 T
Graph of free falling:

3. Object moving upward and fall back to the ground

* Velocity - Time Graph
* Acceleration - Time Graph
: F ". i The IIIIIi.I| Wit
\ nr.m.: .;,.””_,.‘_“ Snatic ;.'?;
. \ Temens ) Tes
Graph of free falling:
4. Object falling and bounces back G - |
ik 0 |
* Velocity - Time Graph
Velogityims * Acceleration - Time Positive |
Graph | I ﬂ

Dinv.-ct‘-m{I
|

fa, | T | W % '
Tyve W |
. ¢ '

J
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(Kinematics)

At the point when the air resistance equals to the weight, there is no
acoeleration and the object will fall with “terminal velocity”. A small dense
object, like a steel ball bearing, has a high terminal velocity. A light object, like
a raindrop, or an object with large surface area like a piece of paper, has a low
terminal velocity.

Positive Velocity & Negative Velocity

How can one tell whether the object is moving in the positive direction (i.e., -
itive velocity) or in the negative direction (i.e., negative velocity)? And how
can one tell if the object is speeding up or slowing down?

Since the graph is a velocity-time graph, the velocity would be positive
whenever the line lies in the positive region (above the x-axis) of the graph.
Similarly, the velocity would be negative whenever the line lies in the negative
region (below the x-axis) of the graph. A positive veloqily means the object is
moving in the positive direction; and a negative velomty_ means the: obj_ect is
moving in the negative direction. So one knows an object is moving in the

itive direction if the line is located in the positive region of the 'grap_h
(whether it is sloping up or sloping down). And onelknows that an objf:ct |s;
moving in the negative direction if the line is _Iocated in the negative r$g|or:l 0e ]
the graph (whether it is sloping up or s!op!ng down). Andlﬁnally,l i 21‘ tlﬂe
crosses over the x-axis from the positive region to _the pegalwe region
graph (or vice versa), then the object has changed directions.

,,. A~
+ / :E' \_\ ] bn —— S
——— Time 0 - — Tme

» _ 2 \
| / J
>
@

=\
9

-

Welocity
[—
=t
]
Welocity
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Positive Velocity & Negative Velocity

« Now how can one tell if the object is speeding up or slowing down?

« Speeding up means that the magnitude of the velocity is getting large. For instance, an o
with a velocity changing from +3 m/s to + 9 m/s is speeding up. Similarly, an object &b’m“

velocity changing from -3 m/s to -9 m/s is also speeding up. '

In each case, the magnitude of the velocity is increasing; the speed is getting bigger.

Given this fact, one would believe that an object is speeding up if the line on a Velocﬂy_'-‘n

graph is changing from near the 0-velocity point to a location further away from the O-velocy

point. That is, if the line is getting further away from the x-axis (the O-velocity point), then thy

object is speeding up. And conversely, if the line is approaching the x-axis, then the object j

slowing down.
+9 / +9 \
2 a8 a3
2 Tina £ Time
9] 94
Equations of Motion ey
s = displacement (m
There are 4 equations that you can use whenever an object f 3 - inlitl%la\felgcity Emz:")
moves with constant, uniform acceleration in a straight line. { v 2final velocity (ms™)

The equations are written in terms of the 5 symbols in the box: | a = constant acceleration (ms?)

!‘ t = time interval (s)
v=u+at... (1) L
If acceleration is constant, the average velocity during the motion will be half way between v and u.
This is equal to ¥2(u + v).

Sincea=(v-u)/t

Y(u +v) = sh
s=%u+vt.. (2
Using equation (1) to replace v in equation (2):
s =Y(u + u + at)t
s = %(2u + at)t
s = ut + %at’ ... (3)

—
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From equation (1), t = (v -u)a Note:
; . . : " . e You can only use these equations
| replace ‘ :
\ Using this to tin equation (2) only if the acceleration is constant.
s = ¥&(u + V)[(v - u)a] » Notice that each equation contains
- _ only 4 of our 5 “s, u, v, a, t
2as = (u* v: (v=u) variables. So if know any 3 of the
) 285 =V’ - U variables, we can use these
\ =2+ 2as ... (4) equations to find the other 2.
\
'

Example 4
A cheetah starts from rest and accelerates at 2.0 ms? due east for 10 s.

Calculate (a) the cheetah'’s final velocity, (b) the distance the cheetah covers in this 10°s.
Solution:
(a) Using equation (1 v=u+at
v=0+(20ms-2x10s)=20 ms-1 due east
(b) Using equation (2): s = Yo(u + Vit
s=1%(0+20ms-1)x10s = 100 m due east

You could also find the displacement by plotting a velocity-time graph for thi
magnitude of the displacement is equal to the area under the graph.

s motion. The

Example 5

An athlete accelerates out of her blocks at 5.0 ms?.
(a) How long does it take her to run the first 10 m?
(b) What is her velocity at this point?

Solution:

(a) Using equation (3): s = ut + Yeat’
10m=0+(1/2x5.0ms?xt)

=40s
t=20s
(b) Using equation (1): v= U+ at
v=0+(50ms?x2.0s)
v=10ms"

Example 6

A bicycle's brakes can produce a deceleration of 2.5 ms™. How far
stopping, ff it is moving at 10 ms-1 when the brakes are applied?

—————

Solution:
Using equation (4): V2 = u” +2as @
0=(10ms-1)? + (2 x (-2. )
0 =100 m%*s?— (5.% s)
s=20m
I By Jabran Ali Kamran 63 03364864345
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Example 7
A student flips a coin into the air. Its Initial veloc

resistance, calculate:
(a) the maximum height, h, the coin reaches

(b) velocity of the coin on returning to his hand,

ity Is 8.0 ms-1. Taking = 10 ms™ and ignorin,

(c) the time that the coin is in the air
Solution: (upward motion to be negative)
(a) V¥ = u® + 2as

0= (8.0 ms-1)% +(2 x (-10ms™) x h)

h=3.2m

(b) The accelera
to 0 ms™' on the way up, it will accelerate from 0 ms

symmetrical. So the velocity on returning to his hand is 8.0 ms™' downwards.

tion is the same going up and coming down. If the coin decelerates from 8.0 ms"
! to 8ms™' on the way down. The motion is

(c)v=u+at
0=8.0ms™" +(-10 ms?xt)

t=08s
The coin will take the same time between moving up and coming down. So total time in the air =

1.6 s.

You-tube videos links with explanation on :

Newtonian Mechanism - Kinematics
« http://www.youtube.com/watch?v=go9uekKOcKM
« http://www.youtube.com/watch?v=xE7 1aKXjss0&feature=related

The projectile Motion

Kinematics

Describe and explain motion due to a uniform velocity in one direction and a uniform acceleration
in a perpendicular direction. AN
//
~ g
By Jabran Ali Kamran 64 03364864345
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(Kinematics)

PROJECTILE is a body which is thrown horizontally or at an angle relative to the hquzontal which
follows a curved path called trajectory. A projectile is an object moving in two dimensions under the
influence of Earth's gravity; its path is a parabola.

Examples: Ball being thrown, water coming out of the hose, a bullet fired from a gun, arrow shot

from a bow, fountains.

What is projectile motion?
Made up of horizontal and vertical components Movement wherein an object is acted upon by

gravity and air resistance Motion of a body following a curved path.

PARABOLIC MOTION OF PROJECTILE

It can be understood by analyzing the horizontal and vertical motions separately.

The speed in the x-direction

moves with constant acceleration g.

This photograph shows two balls that start to fall at the same time. The
one on the right has an initial speed in the x-direction. It can be seen
that vertical positions of the two balls are identical at identical times,
while the horizontal position of the yellow ball increases linearly.

5=

- i.‘
I Projectile
T N motion

v v
¥y \
: -

p
Vertical
fall

is constant; in the y-direction the object
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REMEMBER:

1. The horizontal velocity of a projectils Is constant (never changing in valus),
2, There is uniform vertical acceleration caused by gravity; its value is 9.8 m/s’

3. The vertical velocity of a projectile changes by ~10 m/s each second, the horizontal motion, of 3
projectile is independent of its vertical motion,

v o i Eely-dree
" s

0
'

i

:Pu]nillt

\ / Hetion
\ |

W

Yertical Hotloa
Oaly

PROJECTILE |
( SIMPLE PROJECTILE)

t= ~ g

2,

W=~ mls Y= -~ i

PROJECTILE Il ( WITH ANGLE)

= -5

%w=-mfs Vy=--mfs

% All vertical components have y subscripts : vy, d,, t,,
% All horizontal components have x subscripts: v, dy

RANGE is the horizontal displacement of the projectile (dx)
MAXIMUM HEIGHT is the vertical displacement of the projectile (d,)
I
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How to calculate - Projectile Motion (From your
reference book)

This topic is oi_’ten cq!lecl projectile motion. Galileo first gave an
accurate analysis of this motion. He did so by splitting the motion up
into its vertical and horizontal components, and considering these

separately. The key is that the two components can be considered
independently.

As an example, think about a particle sent off in a horizontal

direction and subject to a vertical gravitational force (it weight). As  1gure 3.18

before, air resistance will be neglected. We will analyse the motion in terms of the horizontal and
vertical components of velocity. The particle is projected at time t = 0 at the origin of a system of x,
y co — ordinates (Figure 3.18) with velocity u, in the x — direction. Think first about the particle's
vertical motion (in the y — direction). Throughout the motion, it has an acceleration of g (the
acceleration of free fall) in the y — direction. The vertical component increases continuously under
the uniform acceleration g. Using v = u + at, its value vy at time t is given by vy = gt. Also at time t,
the vertical displacement y downwards is given by y =Y%gt?. Now for the horizontal motion (in the x
- direction): here the acceleration is zero, so the horizontal component of velocity remains constant
at u,. At time t the horizontal displacement x is given by x = u,t.. To find the velocity of the particle
at any time t, the two components v, and Vy must be added vectorially. The direction of the

resultant vector is the direction of motion of particle. The curve traced out by a particle subject to a
constant force in one direction is a parabola.

(Not in syllabus, only just for your info)

If an object is launched at an initial angle of 90 with the horizontal, the analysis is similar except
that the initial velocity has a vertical component.

¥, =0t this point

Ry

Path of a projectile fired with initial velocity v, at angle 6, to the horizontal. Path i ashed in
black, the velocity vectors are green arrows, and velocity component ashed. The
acceleration a = dv/dt is downward. That is, a = g. @b

If the particle had been sent off with velocity u at an angle 8 to the hori in figure 3.20, the
only difference to the analysis of the motion is that the initial y — comp velocity is u sin 8. In
the example illustrated in Figure 3.20 this is upwards. Because of th wnwards acceleration g,

€ ¥ — component of velocity decreases to zero, at which ti particle is at the crest of its
path, and then increases in magnitude again but this time g IT@:posite direction. The path is

again a paraho|a, g
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_ : . : i le 8 to the horizont,
rticular case of a particle projected with velocity u at an angle | frg
sgi;n?‘gnp?es;el ground (Figure 3.21), the range R is defined as the distance from the p, M2

. Int
projection to the point at which the particle reaches the ground again. We can show that R ig gi\rg

by

N

(1«'2 sin 29)
e
u
o
B cr i f <~
Figure 3.20 Figure 3.21

Sample Problem - Projectile Motion

A stone is thrown from the top of a vertical cliff, 45m high above level ground, with an initial velocity
of 15 ms™ in a horizontal direction (Figure 3.22). How long does it take to reach the ground? Hoy
far from the base of the cliff is it when it reaches the ground?

15 ms™]

45 m

Figure 3.22

To find the time t for which the stone is in the air, work with the vertical component of the motion,
for which we know that the initial component of the motion, for which we know that the initial
component of velocity zero, the displacement y = 45 m, and the acceleration a is 9.81 ms? The

equation linking these is y = —;— gt’. Substituting the values, we have 45 = Ela-x 9.81¢*. This gives

t=[(2x45/9.81) =3.05
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Dynamics

Newton's laws of Motion
Newton's laws of motion are three physical laws which provide relationships b

acting on a body and the motion of the body.
Newton's Laws: Force and Motion

The First Law: Force and Inertia

The Second Law: Force, Mass and Acceleration
The Third Law: Action and Reaction

Newton’s first law of motion

An object at rest tends to stay at rest and object in motion tends to stay in motion u
upon by an external force.

etween the forces

nless acted

Dbjects keep on
doing what
they're doing.

What does this mean?

Basically, an object will keep doing what it was doing, unless acted on by an external force. If the
object was sitting still, it will remain stationary. If it was moving at a constant velocity, it will keep
moving at a constant velocity. It takes force to change the motion of an object.

The definition of force
The simplest concept of force is a push or a pull. In other words,

ability to create or change motion.
i A Pul!

Force
Force is an action that can change motion. A force is what we call a push or a pn@ny action

force is the action that has the

that has the ability to change an object’s motion.
Forces can be used to increase the speed of an object, decrease the S@

change the direction in which an object is moving.

an object, or

<

Inertia is the resistance of any physical object to a in its state of motion or rest, or the
tendency of an object to resist any change in its motio
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Only force has the ability
to change motion.

Balanced force

PHYSICS
an thebook

Balanced & Unbalanced

If the forces on an object are equal and opposite or if the total force is zero they are said to be
balanced, and the object experiences no change in motion. If they are not equal and opposite or i
the total forces is not zero, then the forces are unbalanced and the motion of the object changes.

These are some examples from real life:

A soccer ball is sitting at rest. It takes an unbalanced force of & kick to change its motion.

Forces are Balanced
(biel:ts at Rest Cbpr"% i Bfzstion
(v=0m/s) (v # Cm/s)
a=0m/s? a=0m/s?
Stay at Rest Stay in Motion %ﬁ
(same speed and dir'n) 13
R
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(Dynamics)

Newton's First Law Applied to Rocket Liftoff
*Every object persists in its state of rest or uniform motion in a straight line Net Force
unless it is compelled to change that state by forces impressed on it.” T
Before Firing:
Obiject in state of rest, airspeed zero. Weight
Engine Fired:

Thrust

Thrust increases from zero. Weight decreases slightly as fuel bumns.
When thrust is greater than weight
Net force (Thrust - Weight) is positive upward. Rocket accelerates upward velocity increases.

Newton'’s First Law is also called the Law of Inertia
Inertia: the tendency of an object to resist changes in its state of motion

The First Law states that all objects have inertia. The more mass an object has, the more inertia it
has (and the harder it is to change its motion).

Inertia

Inertia is a term used to measure the ability of an object to resist a change in its state of motion. An
object with a lot of inertia takes a lot of force to start or stop; an object with a small amount of
inertia requires a small amount of force to start or stop. The word “inertia” comes from the Latin
word inertus, which can be translated to mean “lazy.”

Examples from Real Life

A powerful Iooomoti\fe begins to pull a long line of boxcars that were sitting at rest. Since the
boxcars are so massive, they have a great deal of inertia and it takes a large force to change Q

motion. Once they are moving, it takes a large force to stop them.

If objects in motion tend to stay in motion, why don’t moving
keep moving forever?

Things don't keep moving forever because there's almost_a
unbalanced force acting upon it.

Example: A book sliding across a table slows down and
force of friction.

| By Jabran Ali Kamran 71 03364864345
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Forces Don't Keep Objects Moving

Newton's first law of motion declares that a force is not needed to keep an object in Motion,
boOk in

For example: Slide a book across a table and watch it slide to a rest position. The
on the table top does not come to a rest position because of the absence of a force. rather i[r%“
©st pog; S ty

presence of a force - that force being the force of friction — that bring; the l?ook toar
the absence of a force of friction, the book would continue in motion with the same spe:*:n_ h
&y

direction - forever! (Or at least to the end of the table top).
If you throw a ball upwards it will eventually slow down and fall because of the force of Gravi,

How do these systems in a car overcome the law of inertia?

The engine

The engine supplies force that allows you to change motion by pressing the pedal.

The brake system

The brake system is designed to help you change your motion by slowing down.

The steering wheel and steering system
g system is designed to help you change your motion by changing

The steering wheel and steerin
your direction.
There are many more applications of Newton's first law of motion. Sever

applications are listed below. Perhaps you could think akcut the law of inertia

and provide explanations for each application.
quickly stopping when riding on a descendig

Blood rushes from your head to your feet while
elevator. The head of a hammer can be tightened onto the wooden handle by banging the bottom
of the handle against a hard surface.

To dislodge ketchup from the bottom of a ketchup bottle, it is often turne
thru_sted downward at high speeds and then abruptly halted. While riding 3
or bicycle), you fly forward off the board when hitting a curb or rock or ¢

halts the motion of the skateboard.

d upside down and
eboard (or wagor
object that abrupt}
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(Dypamics)

Check your understanding |
Question 1

Luke drops an approximately 5.0 kg fat cat (weight = 50.0 N) off the roof of his house into the
swimming pool below. Upon encountering the pool, the cat encounters a 50.0 N upward resistance
force (assumed to be constant).

a) Which one of the velocity-time graphs best describes the motion of the cat? Support your
answer with sound reasoning.

Greph A Greph B Graph C
f 0 Time f 0 Time f 0 7— Time

Answer

Graph B is correct. The cat first accelerates with a negative (downward) acceleration until it hits the
water. Upon hitting the water, the cat experiences a balance of forces (50 N downwards due to
gravity and 50 N upwards due to the water). Thus, the cat will finish its motion moving with a
constant velocity. Graph B depicts both the initial negative acceleration and the final constant

velocity.
Newton's Second Law of motion
Force equals mass times acceleration
F=ma
Acceleration:
Acceleration is a measurement of how quickly an object is changing speed.

From 1st law (when forces are balanced.....)
Forves are Balanced

AL &

/N
ObjecisatRest  Cbjoctsin Motion @@

(v=0m/s) (v=0m/s) @
Shylt!tut ShymlMohm @\’

(-mqu%-;)
5
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%
When forces are unbalanced...
Forves are Unbalanced

|

There is an acceleration

/\

The acceleration The acceleration
depends direcily depends inversely
upon the upon the
“net force” object’s mass.
What does F = ma mean?

Force is directly proportional to mass and acceleration. Imagine a ball of a certain mass moving g
a certain acceleration. This ball has a certain force.

Now imagine we make the ball twice as big (double the mass) but keep the acceleration constant
F = ma says that this new ball has twice the force of the old ball.

Now imagine the original ball moving at twice the original acceleration. F = ma says that the baj|
will again have twice the force of the ball at the original acceleration.

Newton's Second Law

If you apply more force to an object, it accelerates at a higher rate.

Mass Acceleration

:'

e Speed increases

More
)\ acceleration

B Spesd incraaser y
. ¥
g fasth /
A
o1

If the same force is applied to an object with greater mass, the object a c%ra

because mass adds inertia.
Actelecation (mis? | Farce (N)
F

More force

m Q l ! c
mass kg
o '~
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Mass will resist changes In motion
uakwifﬂw :r?d ;l;r:.dlgg ON & bus, and the bus starts very quickly, your body seems to be pushed
th Lus e 108 8 stopa suddenly, then your body seems o be pushed forwards. Notice that

’ + You will seem 1o be pushed to the right, and when the bus turns right, you

will seem to be pushed to the left,
Also consider a full shopping cart. If you try to push It from a stationa

, ry position, it will take some
effort to get it moving. The same Is true If you Iry to stop It when It Is moving at a high speed, or try

to turn It left or right.

In both cases, an object with mass Is opposing a change In motion. In the first case, it is your body

that tries to stay moving as it was before the change. Your body also tries to stay in a straight line

when the bus turns, although it appears to be moving to the side. What is really happening is that
ur body Is still moving straight and the bus turns In the opposite direction. The shopping cart

yo
exhibits the same behavior. When It Is stationary, It tries to stay stationary, and when you try to
stop it moving, It will try to continue. Your body and the cart both have mass.

will resist any change in
bjects with less mass. In

Mass will resist changes in motion. This says that any object with mass
motion. Objects with greater mass will resist change in motion more than o

the Sl system, the unit of mass Is the kilogram (kg).

Unit of Force
A force of one Newton is exactly the amount of force needed to cause a mass of one kilogram to

accelerate at one m/s?. We call the unit of force the Newton (N).

Units
F(force (newtons, N))

f P" 2 A= - -
(Acceleration (m/s’))a m(Mass (kg))

More about F = ma \
tarce. If you double the acceleration, you double@@.

If you double the mass, you double the _
What if you double the mass and the acceleration?
(2m)(2a) = 4F %

Doubling the mass and the acceleration quadruples the force.

What does F = ma say? :g
F=ma @z

m its mass and it

&
o

basically means that the force of an object comes fro

03364864345
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Weight as the effect of a gravitational field on a mass

In everyday usage the term "weight" is commonly used to mean mass, which scient;
entirely different concept. On the surface of the Earth, the acceleration due to gravity (the “str S ;
of gravity") is approximately constant; this means that the ratio of the weight force of a mes; gt
object on the surface of the Earth to its mass is almost independent of its location m
object's weight force can stand as a proxy for its mass, and vice versa. ' an

Definition of Weight

The word weight denotes a quantity of the same nature as a force. The weight of a body is
product of its mass and the acceleration due to gravity. e

Newlon’s Second Law

Definitions

Differential Form: Force= change of momentum F= d(mvy)
o with change of time dt

Fm-mhmxuwmm F*(lThV.-—m.V,)
“l_tn)

With mass constani: ~ Force « mass X sccelssaion  F= ma

Force, acceleration, momentum and velocity are ali veclor quantities.
Each has both a magniude and a direction

Using the second law of motion

The force F that appears in the second law is the net force. There are often many forces acting on
thg same object. Acceleration results from the comtined action of all the forces that act on an
object. When used this way, the word net means “iia

To solve problems with multiple forces, you have to add up all the forces to get a single net force
before you can calculate any resulting acceieraticn.

Multiple
forces

-10N + 30N

= 20N Net

.

@@~ m=0.5kg )

Calculating acceleration

A cart rolls down a ramp. Using a spring scale, you
measure a net force of 2 newtons pulling the car

down. The cart has a mass of 500 grams (0.5 kg).

Calculate the acceleration of the cart. Fe2N

1. You are asked for the acceleration (a). - %
[

2. You are given mass (m) and force (F). - 3
3. Newton's second law applies:a=F +m U

4. Plug in numbers. (Remember: 1 N = 1 kg-m/s2)

64345
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(Dynamics)
|
Three forms of the second law
[' Use...

— o l‘l'yo|u want to find... And you know... |
.- acceleration (a) The net force (F) and the mass |
Fema m f
The net force (F) The acceleration (a) and the |
: mass (m) '
M= E The mass (m) The acceleration (a) and theJI
a net force (F). 1

Finding the acceleration of moving objects

The word dynamics refers to problep'ns involving motion. In dynamics problems, the second law is
often used to calculate the acceleration of an object when you know the force and mass.

Direction of acceleration

Speed increases when the net force is in the same direction as the motion. Speed decreases when

the net force is in the opposite direction as the motion.

Positive and negative acceleration

We often use positive and negative numbers to shiow the direction of force and accel
common choice is to make velocity, force, and acceleration positive when they point to th

Acceleration from multiple forces

D

Three people are pulling on a wagon applying forces 100N 150 N 200 N

of 100 N, 150 N, and 200 N. Determine the

acceleration and the direction the wagon moves. The
wagon has a mass of 25 kilograms.

1. You are asked for the acceleration (a) and
direction

2. You are given the forces (F) and mass (m).

3. The second law relates acceleration to force and masg

4. Assign positive and negative directions. Calculate

t
determine the acceleration from the net force and tﬁss.

-

m
rce then use the second law to
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Finding force from acceleration

Wherever there is acceleration there must also be force. Any change in the Motion
results from acceleration. Therefore, any change in motion must be caused by foree, of an %
Coming back to...Free Fall Motion

As leamed in an earlier chapter, free fall is a special type of motion in which the only 1
upon an object is gravity. Objects that are said to be undergoing free fall, are not enc{‘)’fuce i,
significant force of air resistance: they are fal

ling under the sole influence of gravity, Mering ,
conditions, all objects will fall with the same rate of acceleration, regardiess of théir ;der%
why? 338, By

Consider the free-falling motion of a 1000-kg baby elephant and a 1-kg overgrown Mouse
Vo ey

i

...r—E-- '..
™

1900 kg = kg
a=Ww/s/s &« Hmfys
Explanation on free fall..

-.based on previous diagram
* If Newton's second law were applied to their falling motion, and if a free-body diagram were
constructed, then it would be seen that the 1000-kg baby elephant would experiences a greater
force of gravity. This greater f i i
acceleration; thus, based on for,
accelerate faster, But accelerati

: : force and prfass. The 1000-kg baby
elephant obviously has more masg (or inertia). This increased m AN iny glie
elephant's acceleration. And thus,

This ratio (Fnet/m) is sometimes called the gravitational field tren
(for a location upon Earth's surface)

- The gravitational field 8
within Earth's gravitational field and not a property of the baby ehaphant.n
placed upon Earth's surface will experience this amount of force (98
mass within the object. Being a property of the location within Earth'
property of the free falling object its

elf, all objects on Earth's surface iI S
force per mass. As such, all objects

he e
free fall at the same rate regardless SS. Bewmfd
the 9.8 N/kg gravitational field at Earth's surface causes a 9.8 m/s? accelerdtign of any ©
placed there, we often call this ratio the acceleration of gravity

B
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(Dypamics)

| check your understanding!

Question 1
.ﬁ Determine the accelerations that result when a 12-N net force Is applied to a 3-kg object and then
4 to 8 6-kg object.

%' Answer 1
|
\ Determine the accelerations that result when a 12-N net force is applied to a 3-kg object and then
to 8 6-kg object.

Answer: A 3-kg object experiences an acceleration of4 m/s?.. A 6-kg object experiences an
acceleration of 2 m/s?

Question 2

Suppose that a sled is accelerating at a rate of 2 m/s’. If the net force is tripled and the mass is
doubled, then what is the new acceleration of the sled?

Answer 2

Suppose that a sled is accelerating at a rate of 2 m/s”. If the net force is tripled and the mass is
doubled, then what is the new acceleration of the sled?

Answer: 3 m/s’

The original value of 2 m/s? must be multiplied by 3 (since a and F are directly proportional) and
divided by 2 (since a and m are inversely proportional)

Question 3

An applied force of 50 N is used to accelerate an object fo the
right across a frictional surface. The object encounters 10 Nof Fepiee=10N .
friction. Use the diagram to determine the normal force, the net — [ fmp=SON
force, the mass, and the acceleration of the object. (Neglect air T

lr,,.,- 8ON

resistance.)

] Foorm™ ———

Answer 3
= 80 N: m = 8.16 kg; Foet =40 N, right; a = 4.9 m/s?, right

From T
" (If you are using g = 10, Fuum = 80 Ny m = 8 kg; Frer = 40 N, net = ———
’ right, a = 5 m/s? right )
: Since there is no vertical accelti2ion normal force = gravity force. The mass can be f
) the equation Fymy =M g |
¥ The F, is the vector sum of ail he forces: 80 N, up plus 80 N, down equalf 0 N.@O , right
! plus 10 N, left =40 N, right. Finally, @ = Foa /M = (40 N)/ (8.16 kg) = 4.9 mis?. @
|
' 3
i N
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Question 4

‘ﬁ" applied force of 20 N is used to accelerate an object to the right across a m
frictional surface. The object encounters 10 N of friction. Use the diagram to | To
determine the normal force, the net force, the coefficient of friction (1) between

the object and the surface, the mass, and the acceleration of the object. appm“imate'd
(Neglect air resistance.) value of 0
The coefficient of friction (COF), often symbolized by the Greek letter p, is a ﬁ’gem"jsgsed :

dimensionless scalar value which describes the ratio of the force of friction |
between two bodies and the force pressing them together. The coefficient of - T
friction depends on the materials used; for example, ice on steel has a low coefficient of frictiy,

while rubber on pavement has a high coefficient of friction.
Answer 4

From = 100 N; m = 10.2 kg; Fre = 10 N, right; "mu” m/s? right ( If you are using g=10, From = 109
N: m = 10 kg "mu" = 0.1; a =1 m/s?, right ) Since there is no vertical acceleration, the normal force

is equal to the gravity force. The mass can be found using m g.
Using "mu” = Fic / From, "mu” = (10 N) / (100 N)=0.1.

The F,« is the vector sum of all the forces: 100 down equals 0 N. And 20 N, right plus 10 N, lef
Finally, a = Foee / m = (10 N) / (10.2 kg) = 0.980

si
Cﬂlculalio,-::mr

Equilibrium

The condition of zero acceleration is called equilibrium. In equilibrium, all forces cancel out leaving
zero net force. Objects that are standing still are in equilibrium because their acceleration is
zero.Objects that are moving at constant speed and direction are also in equilibrium. A static

problem usually means there is no motion.

Calculating force

A woman is holding two dogs on a leash. If each dog pulls Wit
force does the woman have to exert to keep the dogs from moving?

1. You are asked for force (F).
2. You are given two 80 N forces and the fact that the dogs are not mowQg

3. Newton’s second law says the net force must be zero if the acceleration is@
site to the sum of the forces the two dogs.

4. The woman must exert a force equal and oppo
03364864345
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(Dynamica)

check your understanding on balanced forces!|
Whe |8 wrong here? Anna or Noah?

Two students are discussing on an object that |s being acted upon by
o Individual foroes (both in a vertical direction). ounng the discussion, Faorm= 20 N
Anna suggests to Noah that the object under discussion could be
mowving. In fact, Anna suggests tpat If friction and air resistance could be
gnored (because of their negligible size), the object could be moving in
a honzontal direction. According to Anna, an object experiencing forces
as described at the right could be experiencing a horizontal motion.

Noah objects, arguing that _tho object could not have any horizontal T =200
motion if there are only vertical forces acting upon it. Noah claims that Forav

the object must be at rest, perhaps on a table or floor. After all, says d

Noah, an object experiencing a balance of forces will be at rest. Who do

you agree with?

Answer

Anna is comrect.

Nosh may know the formulas but he does not know (or does not believe) Newton's laws. "t?:
forces acting on an object are balanced and the object is in motion, then it will continue in motion
with the same velocity.

Remember: forces do not cause motion. Forces cause accelerations.
Newton's third law of motion.....
For every action there is an equal and opposite reaction.

2

Action  Reaction

ction Acho;lék ©
What does this mean? tk@

_ect there is an equal force acting in the opposite ditectisg. Right

acting on & rce a g
:grwever.gi:;) I::apuilingg).fm-- ¢t in your seat, but Newton's Third Law says y::ur asct:?»g gﬁ
agailnit you with equal force This is why you are not moving. There is a balan

you— gravity pulling down, your seat pushing up. O
vity
&
S
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What happens if....

What happens if you are standing on a skateboard or a slippery floor and push against 3 wally
slide in the opposite direction (away from the wall), because you pushed on the wall but th Yo,
pushed back on you with equal and opposite force. °

Newton’s 3rd Law Demo
htto:ffnw.voutube.com:’watch?v=thBii 4fZs

Rocket Engine Thrust

Exhaust Flow Pushed Backward

Engine Pushed Forward

For every action, there is an equal and oppasite re-action.
The Third Law: Action and Reaction

“For every action there is an equal and opposite reaction.” This statement is
known as Newton’s third law of motion. Newton’s third law discusses pairs of
objects and the interactions between them.

i

__fT.F.'F‘?’;
Forces occur in pairs ) o
The astronauts working on the space station have a serious problem when ol
they need to move around in space: There is nothing to push on. One
solution is to throw something opposite the direction you want to move. . b

m—
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The two forces in a pajr
other. If you know the str:_:r:e t;:‘alle
always equal. et

Third Law...

Action and reaction forces act on different objects, not on the same object
The forces cannot cancel because they act on different objects
Action & Reaction :

The act of movi ili

or ahine tg;‘t”‘?]g\:;gedab'“f}' to move from one place to another is called locomotion. Any animal

thie ground Sid i & epends on Newton'’s third law to get around. When we walk, we push off
€ forward because of the ground pushing back on us in the opposite direction.

Action & Reaction ,

Jets, planes, and helicopters push air. In a helicopter, the blades of th
. ’ ' e Il |
that when they spin, they push the air molecules down. propeller are angled such

The rotor blades of an helicopter are just like the wings of an airplane or a bird. As they move
through the air, they pull the air above them downwards. That's the "action" part of the action-
reaction. When the blades push the air downward, the helicopter is lifted. The air has considerable
mass and inertia, and resists being pulled down--it tries to push the wings up instead. That's the
"reaction” part, and that's also aerodynamic 4. The bladas pull air downwards, and the reactiono

this pushes the helicopter upwards. \y
' A fo i @

’

P e gy
ety R 7
-{ﬁu o=t

. - V] , T%\—
R N e |
W <oep & Airon blade @

L=, T
e

pushes blade
and helicopter up

Blade on air molecules

\e’pushes air molecules down
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ss and velocity

tional momentum is the product of the magg "

Momentum as the product of ma
Momentum or Linear momentum or transla

velocity of an object. '
Momentum = mass X velocity

. tum—it takes a large and proj,

k moving fast has a large momen and
ap&;r:u: this spegd, and it takes a large anc_l prolonged force to bring it to a“gga
k were lighter, or moving slower, then it u\fould_ have less momentum, ;"
tum is a vector quantity, possessing @ direction as well as a Magnifyg,

For example, a he
force to get the truc
afterwards. If the truc
velocity, linear momen
Units: kgms™ or Ns

Force as a rate of change of Momentum

Consider a body of mass m, initially moving with a veIoc:ty' 0
body and causes it to accelerate to a final velocity of magnitud_e V.
law in the form and a simple rearrangement shows the relation
Remember, momentum = mass X velocity. Now, mv is the final momen
the initial momentum of the body. Therefore, we have

Force = rate of change of momentum

f magnitude u. A force F acts on ty,
We can write Newton's secong
between force and momentyp,
tum of the body and my j

Principle of Conservation of Momentum
ollide, the total momentum

The Principle of the Conservation of Momentum states that: if objeqts_ c :
before the collision is the same as the total momentum after the collision (provided that no extemg|

forces - for example, friction - act on the system).
Of course, energy is also conserved in any collision, but it isn't always conserved in the form of

kinetic energy.

Case 1
To do any calculations for momentum, there are some simple rules to follow !o make it easy:

Always decide which direction is positive and which is negative, then sfick iz il. Always remember
that the total momentum before the collision will be the same as {he toizi momentum after the

collision.
So,
If these two objects collide
u1 U2
M1 [z sy
Then the result could be

e o |

The conservation of momentum states:
Momentumserore = Momentum,ge,
So, (P1 + P;) before= (P, + P,) after

Or, myuy + Myl = myvq + maVs,

But notice that in thi =
il this example, v; = 0. So that term cancels and makes fin in! r much

—
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nami

l Case 2

i the objaxts change direction in the collision or are going in different directions before t
collision, Make sure that you have got the signs for the velocities and therefore the nm;z

onﬁ?ﬁi\
Evample 1 Example 2
T hese o ohyects colide Inkiatty:

. m ™ _ ™ uz=0
B&WNNM!I& moving in Bacomes, after a collision:
appashe diections, we have 1o treat &2 13 O o EN
one of the veladlties as negative. - =
And so: Note that the direction and sign of

velocly (and therslore momentuds
Inktial Pamyu{mau;) of My d:::.des aher the colksion. }
Case 3
When objects bounce back after a collision, be careful about the change in momentum.

Example  initiany:
~ u
@]

Then there is an elastic collision (ie v
and u have the same magnitude but
opposite directions)

Finally:
u "i) I
So change in momentum = final P - ‘it ¥
=-mu - (+ mu)
=-2mu

N

Explosions ’%aﬂ
Explosions are a special type of collision. Momentum is conserved in an explosion. Th\’1§ de

easier by the fact that usually, the momentum before an explosion is zero. The Penciple of the
Conservation of Momentum states that the momentum after the explosion must t e zero

as well.

What's the momentum of the universe?

If the universe began with a Big Bang (for instance - an explosion), the
before the explosion was zero. @

m of the universe

03364864345
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So what is its momentum?

F=ma

=

Ve

But,a =

=]

v-u)_ mv-mu_ change in momentum
SO'F'm[_!—]. t time

Principle of Conservation of Momentum elastic and Inelastic collisions

perfectly Elastic collisions
Relative speed of approach ,
is conserved. Kinetic energy Is conserved as well
ﬂa?\?em::etz? ofs separation. (So If oné is catching the other at 10m/s before the colligion, it will b
moving apart from It at 10m/s after the collision)

Perfectly Elastic collisions are surprisingly common.
Elastic according to the Kinetic Theory of Gases.

Principle of Conservation of Momentum

Elastic and Inelastic collisions

Perfectly Inelastic collisions
All momentum is conserved (as always).

All collisions between atoms are Perfect

Kinetic energy is not conserved.
The relative speed of separation is zero.

(In other words, that means the objects stick together after the coll
just consider them as one object whose mass is the same as th

combined).
Why is kinetic energy not conserved while momentum is conserved in a perfectly inelastic

collision?

ision, they will move together, s
al of the two original masse!

It goes into heat, sound, work done to deform the colliding bodies etc. Other forms of energy, in
and energy are totally different

other words. Momentum is not a type of energy. Momentur:

physical quantities with different physical dimensions (Encriy 15 the capacity to do work)
Conservation of momentum in a system occurs provided thal [hre @it no #xternal forces acting on
a system. This is a consequence of Newton's 2nd law and MNewin s
says that the net force acting on a body is equal fo the rate of changs of i1g/Mo
full, general statement of the 2nd law. F = Ap/At. If the mass of the body'is ¢
to F = m(Av/At) = ma. Therefore, if & net force acts on an object, its
time. If there is no net force, then its momentum will not change.

Foa 500N, up Fory 15 200N, down F s 20N,
R =1200N %)
- B, =600N Foan

R =20N -
)
Foe =800 N Fomee =800 N Fypuy=S0N

—
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(Dynamics)

How and when momentum is conserved ?

Now. consider a system of Interacting particles. The particles are moving around randomly. Every
in & while, two particles (1 and 2) may collide. While this is happening, particle 1 exerts a
force on particle 2. However, Newton's 3rd law says that particle 2 must therefore, at the same
time, exert a force on particle 1 of equal strength and opposite direction. These forces are also
exerted over the same time interval (while the particles are in contact). Therefore, the change n
momentum of particle 1 will be equal in magnitude and opposite in direction to the change in
momentum of particle 2. These two momentum changes therefore cancel each other out. Each
rticle may individually change its momentum, but there will be no change to the total momentum
of the system. In other words, since Newton's 3rd says that these internal forces always occur in
matched "action-reaction" pairs, they cannot ever cause a change to the overall momentum of the
system. Only an external force (a force from something that is not part of the system of particles)
can cause a change in the total momentum of the system. In the absence of a net external force,
Fi = 0 and hence Apy = 0. In the absence of external forces, momentum is conserved.

&
&>
o
&
S

— s 03364864345
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Work, Energy and Power

Energy possessed by a body is the capacity of the body to do work.
State the principle of conservation of energy.

Energy can neither be created nor destroyed, but can be converted from one form to anothey o
others).

The total amount of energy in any closed system is constant.

Energy and work are both scalar quantities, and have the unit Joule.

Work in terms of the product of a force and displacement in the direction of
the force

In physics, work is done when a force moves its point of application so that some resolved part o
the displacement lies along the direction of the force.

1. Define work
The work W done on an object by an agent exerting a ccristarit force F on the object is definex
as the product of the force and the displacement in the direction of the force

W = Fs cosd
Where W is the work done on the object by the: constant force F (joule, J)
F is the constant force acting on the cuiect (Newton, N)

s is the displacement of the object {ineise: .

9 is the angle between F and s (degree, )
In cases, where no angle is given, you may use the equation
W=Fs
Unit of Work
The S.I. unit for work is the joule.

One joule (1 J) is defined as the work done by a constant force
when the object moves one metre (1 m) in the direction of the force.
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(Work, Power and Power)

— R—— s i . I —
I ) Work done on object | Example |

For:; does not move the Zero A man pushing a wall

obj

Force is perpendicular to the ~ Zero Waight of a trolley moving

object's movement along & horizontal

Force has a resolved part in Positive A man pushing a trolley

the same direction as the

object's displacement
"Force has a resolved part in Negative Friction opposing the trolley’s

the opposite direction as the motion.

object’s displacement.

In the above example, positive work done on an object increase the
kinetic energy of the trolley, while negative work done decreases its
kinetic energy. Zero work done means the kinetic energy remains

constant.

Work done by a constant force

Sample problem -1

Fig 6.3 Positive work done

The following arc examples of work done by a constant force.
(a) Work done by the man on a box (Fig 6.3).
W = Fs cos 6

= (10)(10) cos 30°

=866]

287]

Note:

Even though work is a
scalar, it can be
positive or negative.
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Sample Problem 2 - Solve It
Ag 64 Negative work done
() Work done by the man in opposing the sliding box (Fig 64).

W =Fscos b
= (10X10) cos 120°
= —m]
slowing down
10

\
e [ I
10m »

Sample Problem 3 - Solve it
Fig 65 Work done by friction

(c) Work dome by the frictional force in opposing the sliding
box (Fig 6.5).

W =Fscos 8
= (2)(10) cos 180°
u—m]'
constant velodity -
Frictiot = 2N p !

- 10m

Sample Problem 4 — Solve it

A man pushes a box of mass 5 kg with a force of 2 N @iung a horizontal fryﬂ'bqless surface. The
box is moved through a distance 3 m. N 3m
4 €—>

Calculate the work done on the box by

(a) The pushing force:

(b) The normal contact force; L
(c) The weight of the box. mg %
(a) W=Fscos0=2x3=6J \7%
() W=0J 93

(force perpendicular to displacement)
(c) W=0J

03364864345
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(Work, Power and Power)

Ex.ﬂ'lpl. 5 - Solve it

A block is pulled along a rough horizontal surface by a rope pointing at 60° above the horizontal.
The tension in the rope is 10 N and the frictional force is 5 N. The block moves a distance of 2 m
along the surface.

10N
Calculate the work done on the box by
(a) The tension in the rope
(b) The frictional force 60° ...
(8) W = Fs cos = (10 cos 60%2 = 10 J ) L
(b) W =(-5)2=-10J SN (_._._)2 =

Example 6 - Solve it

How much work is done by a person who uses a force of 27.5 N to move a trolley 12.3 m?
w=Fxd=(27.5N) (12.3 m)=338.25J

Special Case

suppose a force F is acting on an object along the x — direction and the object moves a distance
(xo = X1) along the same direction

X X3

If F is constant,
work done is given by W = F(x, - X,)

&
oy

p h
Work done = area under force-displacement gr@

S
&
5

> X

————

L}

]

]

H
X4 X2
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stant externa|

panding against a con

For work done by a gas which s ex
pressure

Ax{distanuai moved by piston)

Symbol

F is the force exerted by external pressure on piston
p is the constant extemal pressure
Ax is the distance moved by piston

A is the cross — sectional area of piston

For a piston with a cross - sectional area A, the force F acting normal
ed to move outwards slowly by

and F ges =F

to it is given by F = pA.

For a gas with pressure = external pressure p, if the piston is allow
a displacement Ax, the gas will expand against the constant external pressure p,

The work done W by the gas against this constant pressure p is given by W = FAX = (pA) = Ax=p
(AAX) = p AV where AV is the change in volume.

Hence, when a gas expands with a change in volume AV against constant pressure p, work done
by gas is given by:

1. W=paAV .
i Mote:
i _ AV =V finai = V initial

Where W is the work done by gas (J)
p is the external pressure (Pa)
AV is the change in volume of the gas (1]

2. If p is constant,
Work done is given by W = p(V, = Vj) //
AP
g R %
Vi V2 v
Work done = area under pressure volume graph
| By Jabran Ali Kamran 92 03364864345
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(Werk, Pewer and Pover)
Whengas expands | Whengesis |
- B 5SS m_,w._,"'__m__" - —
" Piston moves Outwards T inwards |
Force exerted by gas on In same direction in opposhte direction |
surroundings and
| displacement moved I _
" Work done by gas on Positve Negative |
__surroundings - -
Work done by surroundings Negative Positive
ongas |
We say Gas does work on Surroundings do work on |
e —— surroundings gas. |
Try to solve it
A gas in a cylinder is kept at a constant pressure of 1.1 x 10° Pa. The gas is heated and expands
by 25 cm®
Calculate the work done by the gas
1em=10%m
cm®=10% m?
W=pAV=11x10°x25x10°=275J
! | i
Fps ! E
! 1
m— | —
gas Lo
BE
j .ﬁxf¢ﬁ$m by piston)

Derive from Equations of motiun (KE)

1

The kinetic energy (K.E.

with the body due to its motion.

It is equal to the work done by the resultant force in accelerating the

instantaneous speed V.

Where

E, is the kinetic energy of the body moving
m is the mass of the body (kg).
v is the speed of the body (ms™)

%

K.E.)is a positive scalar quantity that represents the energy f’ d

rest to an

@s

g’v(J
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Derive, fram the equations of motion, the formula E, = % m v?

@ v
—— —_—

Body inialy at rest u=0

Work done by net force = change in K.E. of body | NOte: T
1. E¢ is a scalar quantity and hag the
(F ) s=E same units as work i.e. joules, J.

2. Work done by net force = Change i,

mas = & K.E of body (W = % mv? - % mu?)

ssngv = +2as:%mv? - % m(0P=E
Sample Problem 1 - Solve it

A o= of mass B00 kg and mass moving at 30 m s™ along a horizontal road is brought to rest by 5
constant retarding force of 5000 N.

Calculate the distance travelled by the car in coming to rest.

Using work done = change in K.E.: Using Kinematics equation
1.1

w= 2™ 5"""2 vi=u? +2as

1 2 -5000
(-5000)s=0- —(800})(30 0=30%+2 | ——
- 5000)s =0~ 5(800)(30) [ 800 )s
s=T2m s=72m

g

©
-
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(Work, Power and Power)

Energy in different forms, its conversion and conservation, and apply the

principle of energy conservation to simple examples
Types of energy and their sources:
Energy Source
Mechanical
Kinetic energy Energy possessed by all objects in motion
1. Gravitational | Energy possessed by an object by virtue of its position in a gravitational field.
~_PE |Eg.from waterfall and from raised object.
2. Elastic P.E Energy possessed by an object by virtue of its state of deformation. e.g.
Compressed or stretched springs, a bent diving board, the stretched elastic
. band of a catapult.
Electrical Due to charge or current.
Current Energy possessed by a fuel by virtue of its chemical composition e.g. oil,
wood, fopd, chemicals in electrical cells
Nuclear Energy in nucleus of atoms due to nuclear composition. e.g energy released
e In atomic bombs, produced by nuclear reactors.
ian

Energy in the form of el

) ectromagnetic waves e.g. visible light, radiowaves,
ultraviolet, X - rays

Internal Energy

Energy possessed by atoms/ molecules of matter in the form of kinetic energy
due to motion of the

particles in the matter and potential energy which
depends on the Separation between atoms / molecules.

Renewable and Non - renewable energy
Renewable sources

Renewable sources of energy are those that can b
Earth’s natural processes. E.g. wind power, geotherm
Non - renewable sources

Non - renewable sources of energy are those that are finite or exhaustible because it takes se
million years to replace them e.g fossil {uels

tapped from minerals e.g. nuclear energy i

Gravitational potential eneroy, Eiectric potential energy and Elasti

energy
1.

Potential energy (P.E.) is the energy possessed by a system by
positions of its component parts.

Gravitational potential energy (G.P.E.) is associated with the i@on between bodies

e replaced or replenished each day by the
al, solar energy, tidal energy.

veral
like coal, oil and natural gas, energy sources that

trorn the fission of Uranium nuclei. V
@tial

the relative

due to their masses.

Electric potential energy is associated with the interactie
electric charges.

4. Elastic potential energy is possessed by an object

R _between bodies due to their

I By Jabran Ali Kamran 95
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Olve examples of energy In different forms and Its conversion

Chegh your underatanding

' Wmmwba.WmnﬂumwmmmsﬂlﬂlWM
tructural/coller-consterd.oim

. mm-nmmmmmmmwm!

relon

More Examples of Energy conve
Ing board
Example: Diver Jumping off 8 divi
onal potential energy 1o do work In bending the diving board. The y,
tential energy, which Is then converted Into kinetic energy of the dy,
d off the diving board. At the same time, some of the elastic poteny;
d due to dissipative forces In the diving board.

The driver uses his gravitall
done Is stored as alastic po
as he I8 pushed upwards an
energy Is lost as hest and soun

Example: Burning of fossll fuel
When fuels such as oll, coal and wood are burnt, the chemical energy stored in these materials |
converted Into thermal energy (heat) and light energy.

Example: Hammering a nall Into a wooden block
energy In his muscles fo work against the gravitational p
onverted Into the gravitational potential energy of the hamme

ull in order {

A person uses the chemical
Iift the hammer. The work done Is c
In its ralsed position,

As the hammer falls, Its gravitational potential en
hammer hite the nall, Its kinetic energy Is used to do work In driving the nail into the

producing sound energy In the alr and thermal energy In the block, nail and hammer.

orgy Is converted Into Kinetic energy. When the
wooden block,

Example: Falling Plasticine
During Impact, all kinetic energy Is converted into thermal and sound energies as the plasticine i

permanently deformed.

Example: Bouncing Ball
As the ball falls, its gravitational potential energy s converted into its kinetic energy. When the ball
nverted into elastic

hits the ground, the ball Is deformed during the collision. Its kinetic energy is
potentlal energy. Some kinetic energy may be lost as thermal energy or 0 rgy.
The elastic potentlal energy is converted back into kit nioigy as [ original
shape. The kinetic energy Is converted into gravitationai polential enel unces
\
energy 19 be \diseipag¥d astheppd

upwards, untll it reaches its highest position,
juent height after e

During the flight, presence of air resistance will cause kinet
energy, thus reducing the total energy in the ball and its sut \
'
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(Watk, Lawat aad Lowsr)

lnbmll Energy Note:

Mt conthof ome nc oleculen and hess are e | 178 Il enrty o
of particies having kinetic energy and Potentisl energy. oul of interaction betweern the

We can define the Internal energy of & system as the sum of | System and it suroundings
the kinetic energy of all its constituent particies plus the sum of
all the potential energy of intaraction smong thesa particles In the system,

The Implications of energy losses in practical devices and use the concept of
efficiency to solve problems

1. For practical devices 1o work, anergy input is nesded. Most modern practicsl dsvices run

on electrical energy (e.g. television, computer) or chemical energy (6.9, vehicle).
When a practical device works, it converts the energy input into both useful energy output
and wasted energy output,

B —————

2. Efficiency of a practical device is 8 measure of how much useful work that device produces
form a given amount of energy input.
Its value does depend on what energy output we consider as useful.
Efficiency is dimensionless and can be expressed as a ratio or percentage.

Efficiency, n = Yeful energy QUL £ 405 o,
' energyinput
3. We can never make a practical device with 100 % efficiency because.

(a) We have limited control over physical processes (6.g. a filament bulb must heat up
before it produces light, but the heat produced becomes wasted enorgy); -

Note: In this case, the

4. Sample Problem useful energy output s
A car has a mass of 800 kg and the efficiency of its engine | defined to be the change In
is rated at 18%. Determine the amount of fuel used to | kinetic energy of the car

. ) - from rest
accelerate the car from rest to B0 km h”, given that the | 85 K scomersie

b to 60 kmh", "
i 5 3 J 1r ' I N
energy supplied by 1 litre of fuelis 1.5 710 - 'hx'T\J.
60000 | ~\\
of car = (B | = 111111 SN
Useful energy output = K.E. of ¢ ALY ey ) C‘/J/y/
useful energy output ., ) -—r 1111.11 1 - 1000/{}--:_;)
- — ALY L U \
energy input energy inp DA,
95’ > energy input = 617284 J////- ¥
617284 , (15)°
= 2T EP7 = (0.0047 litres ‘ 2
Amount of fuel 173 % 10° ? ;J/
Q)
S
@-‘J)
g\\ 7
03364864345
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Derive, from the defining equation W = Fs, the formula Ep = mgj for e
potential energy changes near the Earth's surface

Suppose we want to lift an object of mass m to a height h above the ground, "
s0 that its velocity remains constant.

To do so, we must apply a force F that is equal but opposite to the weight
mg of the object, where g is the acceleration of free fall. -

The work done W by force F on the object is: mg
W =Fh = (mg)h "

Since the object’s velocity is constant, its kinetic energy is also constant.

Hence, by conservation of energy, the work done W on the object must be

equal to the gain in G. P. E. of the object. A

Change in G.P.E. near Earth's surface = mgh

Sample problem

Figure shows a dam with storage of water. The outlet of & damwﬁ
the dam is 20 m below the surface of the

water in the reservoir. Water leaving the dam is moving at
16m/s. Calculate the % of G.P.E that is lost when
converted into K.E.

Solution

Step 1: We will picture 1 kg of water, starting at the
surface of the lake (where it has g. p.e., but to k.e.) and
flowing downwards and out at the boot (where it has k.e.,
but less g.p.e.). then:

Change in g.p.e. of water between surface and outflow =
mgh=1x9.81x20=196J Figure 5,18 Water stored behind the dam has

gravitational potential energy; the fast-flowi
Step 2: Calculate the k.e. of 1kg of water as it leaves the  |eaying the oot of the danrfy has kimﬁctontg "

dam:

k.e. of water leaving dam = %mv”

loss =196 - 128 =68 J

percentage loss = %% x 100% =~ 35%

o
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pefine power a8 work done per unit time and derive powsr as the product of
force and velocity.

pefine Power

power is defined as:

(i) The work done per unit time, or
(i)  The rate of work done, or
(i) ~ The rate of energy conversion.

Where
P is the power (watt, W)
Wi is the work done (joule, J)
E is the energy converted (joule, J)
tis the time taken (second, s)
The S.I unit for power is the watt.

One watt is defined as the power when one joule of work is done, or one joule of energy is
converted, per second.

1W=(1J)/(1s)
3. Derive power as the product of force and velocity.
Suppose a constant force F displaces an object, moving at a constant velocity v, by a
distance s over a time interval t, and that F, v and s all point along the same line.
P=Fv
4. If force F and / or velocity is / are not constant, then

k done
(i) The average power <P> is given by <P > = Jom! work cove

total time taken \
(i) The instantaneous power 15 given by P = Fv, where F and v take the valw
instant considered

Sample problem 1

A car moves along a horizontal road at 2 constant velocity of 15ms™. If resastwe force
experienced by the car is 5000 N, calculate the power output of the car s

At constant velocity, Fnet = 0

F
. F=5000 N @ '
P=Fv @é
5000 N
= (5000)(15)
= 75000 W
l By Jabran Ali Kamran 99 03364864345
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Sample Problem 2 - Solve It
A trolley of mass 7 kg is initially restatt = 0 s.
A cyborg pushes this trolley with a constant force of 95 N along a horizontal floor,

The frictional force acting on the trolley is 11 N.
Calculate

(i) The acceleration of the trolley;

()  The speed of the trolley att =4 s;

(i)  The kinetic energy of the trolley at t = 4 s;

(iv)  The distance travelled during the first 4 s;

(v)  The instantaneous Power supplied to the trolley by the cyborgatt=4s:

(vi) The average power supplied to the trolley by the cyborg during the first 4 s:

(vii) The average power dissipated by friction during the first 4 C H

(viii) The net average power gained by the trolley during the first 4 s, and hence, the tota)
energy gained by the trolley during the first 4 s.

Solution

(i) Fe =ma = 95-11=7a =  a=12ms?
(ii) VEu+at=0+12(4)=48mg"
(i) Ec=mi=y (7)(48)* = 8064 J
(iv) 3=ut+’/£at2=0+‘/z(12)(4)2=96m
(v P=Fv= (95)(48) = 4560 W
Vi) <P piee> = % (4560) = 2280 W
. . 11)(9
(Vll) (Pd"mbv: WZ?W = EAL? = ( )4( 6): 264 W
(vill)  <Po> = 2280 - 264 = 2016 W

Check: <P, >At = (2016)(4) = 8064 J = K E. gain by trolley
Relationship between force and potential energy in a uniform field

In a uniform field, a body experiences the same force F at all points.

P
If this force F moves the body along a distance Ax in its direction, then e @xrk done W by this
Fis W = Fax.

:-I/ ] I". d
However, by conservation of energy, this work must be compérieated-by a_deer
potential energy, - AU. 1 % :

W = FAx = -AU @
=AU
AX s O
=. U
dx
, By Jabran Ali Kamran 100 03364864345
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(Work, Power and Power)

F is the force acting on the point mass/ charge placed at that particular point In the
force field. (units : N)

du
e 's the change in the potential energy of a point mass/ charge with a variation o |
the distance from the source of the force field (units : J m ™).

sample Problem — Solve it

A mass €Xperiences a gravitational force of 24 N in a uniform gravitational field. Calculate the

change in its potential energy if it moyes a distance of 5.0 m :

(a) a:o:g ::z zame F!iret?tion'as the gravitational force; ;
\ (b) alo g the opposite dlrgcuon as the gravitational force. I;
(c) In a direction perpendicular to the gravitational force. |

For each case, indicate whether the change is an increase or decrease.

(a) AU=-FAx=-24 x50
=-120 J (decrease)

(b) AU = - F Ax = -24 x (-5.0)
=+120 J (increase)

. ——

(¢) AU=-F Ax=-24x0
=0 J (no change)

| By Jabran Ali Kamran 101 03364864345
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Deformation of Solids (Matter)

Stress:
Stress is a measure of the force required to cause a particular deformation.

Strain:
Strain is a measure of the degree of deformation.

Elastic Modulus:
Elastic Modulus is the ratio of stress to strain

Stress
Elastic Modulus =
Stra

The elastic modulus determines the amount of force required per unit deforrnatfon. A’material With
large elastic modulus is difficult to deform, while one with small elastic modulus is easier to defor,

' Changes in Length
To stretch or compress something you must exert a force on it at either end.

Tensile Stress

Note: (The surface whose area we
wish to measure is perpendicular to the
force.)

Tensile Stress is the force per unit cross sectional area
exerted on the ends.

Tensile Strain is the fractional change in original length

Young's Modulus
Young's Modulus ( Y ) is the ratio of tensile stress to tensile strain:

vy = tensile stress . F/A _ FlL,
tensile strain  AL/L, AAL

area of the object, and AL is the change in the length of the object. Notice #at Y Ras S.I. units

where F is the applied force, L is the original length of the object, A is trltamoz&-sectional
of N/m 2.

Hooke’s Law

o ael
5
-

Hooke's Law states that, for relatively small deformations ot -an._
object, the displacement of the deformation is directly prc-*:rfgnienal

to the deforming force or load. Forces can cause objects to deferm. 1 : e
The way in which an object deforms depends on its dimensions, {#3 ERRRpIII
the material it is made of, the size of the force and direction of the \ 3
force. i

1
e e

gt g, o
e
s B oo o -4 1 .

]==a===..“...
L L 1 § ool

- 4

If you measure how a spring stretches (extends its length) as you
apply increasing force and plot extension (e) against force (F)

By Jabran Ali Kamran 102 03364864345
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The graph will be straight line
mis force shows that Force is proportional o extension. This is | Note: |
Hooke's law. [t can be written as: Because the force 1
F=ke '
Wwhere:
F = tension acting on the spring.

¢ is the gradient = (Ho); | is the stretched length and I, is original length, and.
 is the gradient of the graph above. It is known as the spring constant.

The above equation can be rearranged as

Spring constant = Applied force/ extension
unit extension. The value of k

The spring constant k is measured in Nm™ because it is the force per
s made

does not change unless you change the shape of the spring or the material that the spring i

of.
A stiffer spring has a greater value for the spring constant.

In fact, a majority obey Hooke's law for at least a part of the range of their deformation behavior.
(e.g. glass rods, metal wires).

Force (F)

P - proportionality limit

/ s @@

Extension, @
In the diagram above, if you extend the spring beyond point P, and then unioa pletely; it
won't return to its original shape. It has been permanently deformed. We call th the elastic
limit - the limit of elastic behavior. Q\
5. Yorces stretching or

al size and shape when you remoyg
rial is demOoRMES

moved then it is a sign of

Iif a material returns to its origin Dk
4 elastic behavior.

deforming it (reversible deformation), we say that the mate

If deformation remains (irreversible deformation) after the forc :

plastic behavior. é

youtube.coemfetvtegatecture! mmmrAncAdAE i
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Calculating stress

Hiress
Stress it & measure of how strong a material is. This is defined as how much force the
cen stand without undergoing some sort of physical change. Hence, the formula for cmm%"t

stress is the same as the formula for calculating pressure: o =

where 0 is stress (in Newtons per square metre but usually Pascals, commonly abbreviateq Pa)

al™m

Stress causes strain.
Applying force on an object causes it to stretch. Strain is a measure of how much an Object

being stretched. Strain is the ratio of extension to the original length.

a1
Ie

The formula for strain is: e= =, ;-

Where is the orginal length of some bar being stretched, and | is its length after it has begy
stretched. A | is the extension of the bar, the difference between these

two lengths.
Quantity Equation Symbol Units
Stress | Tension/ cross (sigma) o Nm™=Pa
| sectional area =
f F/ A
Strain | Extension per (epsilon) € No units (because
| original length = it's a ratio of two
J AL/ L Ieng@s)
Young Modulus | Stress / strain E Nm*=Pa
Tensile strength & Yield strength
Tensile Strength

Tensile strength which is also known as Ultimate tensile strength or ultimate strength is the
maximum stress that a material can withstand while being stretched or puited before failing or
breaking. Tensile strength is the opposite of compressive strength and the vatles can be quite

({

different

Yield Stress or Yield strength or Yield point \
The yield stress is the level of stress at which a material wili deform perl

known as Yield strength or Yield point. Prior to the yield ppih‘fiﬁémst&rial wi
and will retum to its original shape when the applied stress is\emoved.

—
03364864345
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§ can be experimentally determined from the slope of a stress strain curve
created during tenalle tests conducted on a sample of the materlal.

value of the Young's Modulus Is quoted for various materials but the value is only
approximate. This Is because Young's Modulus can vary considerably depending on the exact
omposition of the material. For example, the value for most metals can vary by 5% or more,
ing on the precise composition of the alloy and any heat treatment applied during
nufacture. If & big force only produces a smail extension then the material is stiff and E is a big
value, If a force produces a big extension then the materlal is not very stiff - it is easier to stretch
and the value of E will be smaller,

An experiment to measure the Young's Modulus

Fixed suppon

Control wire -
Length of wire lo
Py s L be tesied (needs to
applied by the be about 2m In
weight below length (dlagram s
not to scale)
Reterence Vernier acale
acale fixed to moasure
ton extension and
control therefore the
wire strain
Mass hanger to
vary the force
applied and
Walght to therefore vary
keop the the stress put
control wire on the load
taut

To minimize errors the control wire is the same length, diameter and material as the test wire. This
means that errors due to expansion (from the surroundings) during the experiment are avoided as
the test wire and control wire would both expand by the same amount and the scale would adjust

position and eliminate the error.
The wire must have no kinks in it otherwise there will be big extensions due to t@
straightening out rather than just strelching. @

Care must be taken that the I+ait of proportionality is not exceeded. This can bélchecked .by
removing the load after each = iition of the weight. If the limit has not been the wire
should return to the length it wi: before the weight was added.

The wire is as long as possible (usually about 2m long) and it is as thin aspaséible so that as big

an extension as possible can be recorded. (A typical extension for a 5

The vernier scale is read and the result recorded as addition

Neights - usually starting at ON and increasing in SN incr
eading of the vernier scale is taken at each addition
Ind any anomalous results repeated and checked.

0 100N - are then added and a
eriment should be repeated twice

03364864345
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A graph of load ageinst extension is plotted. It should be a straight line through 'h°°"59in

(provided measurements are accurate). The gradient of that graph will be F/e. Using that
can find the value of Young's Modulus for the wire.

N
E= stress
Strain
_F_
-A =F
e Ae
(
= !"xGradie t
. n
Proportionality limit and Yield strength
Proportionality limit and Elastic limit
Maximum amount a material can be stretched by a force and still (or may) return to itS Orig:
shape depends on the material. Onaing
Yield point or Yield strength

The point where there is a large permanent change in length with no extra load force.
yleld point :- interface between elasticity and plasticity
Elastic limit - up to which material can sustain the load and return back to its original position

Although these two points are so close to each other it can be treated as one, on a case to cage
basis. It depends upon material whether it's brittle or ductile.

[stj':ss} Elastic Region , Plastic Region

e @Fwte o removed : Farmanently oelonmad by e
ST L O KD e o

. fracture
s poiint

g
limit of
pr
___’
345
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4’ e maten o st

gxpleining Graph in the previous siide.....

mmmNwahonmmgmnuym” ba T4 WO
'wmmm-muw.hwmm,m- lor e wive s s b
M'memmmﬂbﬂmmnwnmdmym-wub
g small section we 8ee non-inear behaviour but the stretching is ol slastc. Al s ek
srength, the material enters the plastic deformation region, which means that the syeicr of e
wire is permanent. (For example, i the wire is stressed 10 point A on the gragh a6 s sess &

decreased, the stress-strain curve follows the dotied ine nsieas of the orgral Cuxm 1

B and there is a permanent extension when all stress s removed.) At the facixe pot ¥
wire snaps. Differences in the shape and limits of the stress-stran diagram determues whather 3
material is considered ductile or brittie, elastic or plastic,

Arie MEMrisl The el & S, SAG Se s Pars & s
S ke 3 rwy wrema Tea aciew U 5 9V mmard § Sl o
e, 5 o, shte. Autcywany Cpmns 4 -

stress
b /Pa

[ g
e TE wawr. g
Tars g EEEp
WArALS STRER CRCFST
bl i ol
ol

&
z (stram)
strength, Ductility & Toughness
! ;; high strength, low ductifity, low 1oughness ,
r::_‘ /7
/ Y
1?! — V
P! =
high strength, high ductiy. DA
high joughnsss //.; ‘__J/
: s
| o SoughTE
3 wan
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High Yield strength & Low yleld strength

]

Energy In deformations

m:lmmu_%

A 2

Whenever we apply force to an object, it will cause deformation. If the deformation caused is withj,
the elastic limit, the work done in deforming the object is stored within it as potential energy. we
call this (elastic) 'strain energy'. It can be released from the object by removing the applied force
The strain energy then performs work in un deforming the object and returns to its original state.

Force-extension graphs for typical ductile, brittle and polymeric materials, including an
understanding of ultimate tensile stress.

A : limit of
proportionality

B : elastic limit

C : yield point

D; point of maximum
force (stress)

E : fracture (breaking)

int

exienson, ¢

OA [A 1 limii of propurt imum 0OA

« The force (streas)

|i- limit of proportionality I
1 corce. F
increases lineaily , D
with the elongavion |
(strain) until point

A. Point A is the

limit of | 4
proportionality.

exienson, €

14
oT

* The straight line A [A : limit of proportionality |
gnph (OA)obeys  © 1. F 5 i i Force.F

Hooke's law which
states that “Below

k = force (Hooke)

constant

e
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—rr— B: m.:hd-u:h-d’—,,__._,.

¥, = dw

Force. F

[ JE W L AR NS P F¥ il i
e ettt g = sttt

[s ]
« Tiee area berween the
v pavaliet hme (AD  FOTCE, F ‘ld’""' :,‘:,"““““ Force. }-‘
and CT) represeras the ¢ nstasial’
:___““"""""'“ - The plane (layer) of the
elongzzion OT. atoms slide across each
other resulting in a
- OB regon & known & wddenmcrmem

D | D : pot of mazimum E .ri.ha-gtnrelbru,king!
The fence (stress ) on fosn dntowen) This is ihe nont where Lo PO
the material » the manz! breass or ¢
maxsmam and s Force. F fractures, Force. F
krurer, as the
breaicng korce
(strese). Thas s
wrmetmes calied the
Ulumate Tensile
Swrength (UTS).

‘ﬁ‘ }mv«r Ay u-r— r

. < ol .‘; g

LR

e ) et et F
mm is known I penen af e sommmmn berves | surews)
e plastic deformation, |1 beie (eding) g Stee/
- When the force Force. F
(stre34) increases, the
d-na-bnuwm Glass
Rubber
"Pilr
&
O
) " N ‘
—
I B Jabran Ali Kamran 100 03364864345

_,_9'2 336 7801123 Scanned by CamScanner



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

(Deformation of Solig

www.megalecture.com

.Strain Graph o Brittle Stress. T
o Ductile sﬁr‘::s materials - do S
materials - ! A~ not show plastic “Sreel
undergo plastic P Steel behaviour
deformation ‘ 7 (deformatlon]- _
before breaking. | /" G orpes o such as glass. ——
o such as steel, /\llm
T |
aluminium. ; Stam
o= Strain &

- - - . . . - - - - b r

« Definition - is defined as the ratio of the o Its dimension 1s given DY
tensile stress to the tensile strain ifthe []] . Fy ,0] ST
limit a{sroportionaliry has not been ¥,

o The unit of Young's modulus is

(F
l’?] kgm*s?@Nm*@Pa.

a

K

—
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Oscillations & Waves

constructive Interference

+ Refer the figure on right with two waves arriving

at a point at the same time in opposite
directions.,

» If they arrive in Phase - that is, if their crests /\/\J

arrive at exactly the same time - they will i F =[\/\/
interfere constructively. f\/\/

» A resultant wave will be produced which has
crests much higher than either of the two
individual waves and troughs which are much deeper.

« If the 2 incoming waves have the same frequency and equal amplitude A, the resultant

wave produced by constructive interference has amplitude of 2A.
« The frequency of the resultant is the same as that of incoming waves.

Constructive interference

Destructive Interference

+ Refer the figure on right with two waves ——
arriving at a point at the same time. l S

« I they arrive out of Phase - that is, if the crests ‘ /-\_/\J
of one wave arrive at same time as the troughs i _
from the other - they will interfere destructively.

« A resultant wave will have smaller amplitude. -"
(based on case to case) | Desiraciive ineriorencs |

« In the case shown in figure where the incoming
waves have equal amplitude, the resultant wave has zero amplitude.

Interference and Superposition of Waves — -7-\%
o When two waves mee iy wii interfere and superpose. After oy g 7
{heir original forms. This is — ="<=

they have passed they fetun to
true if they are coherent or not. . .
« At the point they meet, the two waves will combine to give a

resultant wave whose amplitude (or intensity) may be greater N O

or less than the original two waves.

« The resultant displacement can be found by adding the two =
henomenon leads 10 thes)lr \ [\

displacements together. This p

Principle of Superposition.

03364864345
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Note: Displacement s -

The principle of Superposition

* The Principle of Superposition states that when vogi
two or more waves meet at a point, the resultant | S0 remember to add the INdivig "
displacement at that point is equal to the sum of | displacements taking ncc:oumua'
the displacements of the individual waves at that | their directions. of

point.
Application of the Principle of Superposition

Active Noise Cancellation

The muffling of ambient noise using insulating material in the headphones is called Passivg
cancellation. Ois
Active noise cancellation utilizes the principle of superposition to pick up the ambient Noise, Inver

the wave and generates this sound wave within the headphone. This inverted wave cangglg th
ambient noise, preserving only the sound waves that the listener wants to hear, 3

Works: Note: The transverse shown in above

; figure is for the demo of cancellation of
noise only. Remember, sound waves arg
to be represented in longitudinal form,

Eancellation

Stationary Wave

* A stationary wave is set up by the superposition of two progressive waves of the same
type, amplitude and frequency travelling in opposite directions.

* A stationary (or standing) wave is one in which some points are”permanently at rest
(nodes), others between these nodes are vibrating with varying amplitude’ and those points
with the maximum amplitude (antinodes) are midway between t

Uses and application of Melde's experiment

’ * Melde's experiment teaches us creation of standing w.
* One can create a great product of neutralising the §ounds by creating s
wave length and frequency as the source.

* For example : If we know exactly the frequency of any machin ying
over your building every day during takeoff and landing) an p wave
length of sounds that machine creates..create g product that dan rwaves in
opposite direction, so that they undergo mechanical interference a d eine sound I8
neutralised.

—
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(Oscillations & Waves)

i
{

chamcteristics of Stationary Waves

There is no sign of any progressive wave in either direction.

Individual particles are oscillating with the same frequency

except at the nodes.
The amplitudes of oscillation of the

particles va : :
zero at the nodes (N). ry from a maximum at the antinodes (A) to

All particles in the same segment or |og i i ——
: P (region between 2
in phase. Adjacent segments are anii-phas:g adjacent nodes) are vibrating

I Ime

v.  Adjacent nodes or adjacent antinodes are half a 2:—‘ 2

wavelength apart, i.e. NN = AA = 4
2

vi.  Anode and the next antinodes are -';1 apart.

o

, s , e G
vii. - Energy is trapped (stored) in stationary waves since 2
there is no energy is transferring away, '
Formation of Stationary Waves in Strings
e 2 | ;-
- I- Fundamental mode |
@B S~ . e or 1" harmonic Ir
L-3 [
a’ﬂ["“\ 2" harmonic ‘
-~
O ~o - |
=4= g;?‘- I
|
e E ‘},;" T\g 3" harmonic \
(E..l *‘-—'-"J \_."-H‘w.._ et
I

Let a string be stretched between two clamps separated by a fixed distance

When the string is plucked, struck or bowed, it can vibrate in several mod €SS
\W¥

fundamental mode), with

niltaneously.

The simplest possible pattern of the stationary wave consists of gne |

the nodes at the 2 ends of the string - diagram (a).
The next simplest pattern has 2 loops, and the next has 3 Ig 1

In short, just add nodes between the 2 ends, for subse%t modes of vibration. :

—
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n air in Pipes
d In both closed and open pipes.

nated from the open end, the soyng
| and from the closed enq

Formation of Stationary Sound Waves |
1. Stationary sound waves in air can be forme
i is origi

losed pipe, when a sound wave !

> :Jrloza(;ated igtgelhe pipe is reflected by the cylindrical wal

A stationary wave is then formed.

At resonance,

a) node N is always formed at the closed end of the pipe

- the air layer at this end is permanently at rest

antinodes A is formed at the open end of the pipe

b)
- the air layer at this end is free to vibrate

3. In an open pipe, when a sound wave is originated from the open end, the sound waye
propagated into the pipe to the other open end where it is reflected by the walls and qp

encountering air at the other open end.

A stationary wave is set up.
At resonance, since the ends of the pipe are open, both ends are antinodes.

T Wt '.r.. =

| o ,“ — [l

i {losed Pipe i %
(at one end) Q i \

The resonance of sound in pipe may be varied by changing either\the f

wave, or length of the pipe. e
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Oscillations & Way

pormation of Stationary Sound Waves in air

l"."

’ *
- —? Y=
«L
—

— TS Bivhred M alreld

o , 4 " 4 2 i i
F - -_— — -
1 \" \}" \\‘!' \YJ \‘r’ = !
\
A N fi |
|| -
e

2 ey

e reouenry

Stationary sound waves in air can be Note: nAl y :
; : evel Physics syllabus, this
demonstrated using the set-up as shown above. part appears in previous chapter ‘waves'.

]‘et i.  Theincident sound wave is generated by the loudspeaker attached to a signal generator.

ii. The incident wave is reflected by the metal reflector (which must be appropriately

positioned at a node). The reflected wave and the incident wave superpose to form a
stationary wave.

iii.  The detection of nodes and antinodes is done using a microphone attached to a CRO.

iv. By moving the micrqphone slowly forward and backward, the vertical trace (or amplitude)
on the CRO screen is seen to vary from minimum to maximum, indicating the positions of
nodes and antinodes.

A To measure the wavelenqth of the sound wave:

Measure the distance moved by the microphone, d, between 2 successive maxima or
minima (e.g. d = 33 em).
1 \
Since this corresponds o 2 . the wavelength A = 2d =2(33 cm) = 66 cm \7
B. To measure the frecocncy of the sound wave: :;
By measuring the period, T, of the sound wave, the frequency can be det

Set the time base of the CRO to a suitable value (e.g. 0.5 ms cm'1). % € microphong

where the CRO shows a sinusoidal trace. The period, 7, is detepm measuring the
f distance between 2 crests or 2 troughs, (e.g. 4 cm). %

ﬂ:'- the period, T= 4cmx0.5ms cm’ §
b‘ = 2ms =2x10'3s

1 1 _
o Hence the frequency, = e i 500 Hz @

2 = El
C. Hence, speed of sound can be calculated fron-@/l= (500)(66 * 10 %) =330 ms
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A string Is stretched under constant tension between fixed points X and Y,

Stationary wave at an instant of greatest displacement. The broken line sh
displacement.

Sample problem 1

The solig line
s
Ows the othg, ef;tu;:;a

Which one of the following statements s correct?

A The distance between P and Q is one wavelength,

B A short time later, the string at R will be displaced.

C The string at P and the string at Q' will next move in opposite directions to One anothey.
D At the moment shown the energy of the standing wave is all in the form of kinetic energ
E The standing wave shown has t

Solution:

A Incorrect. For g stationary wave, one wavelength contains two complete "loops” (i.e. distance
XR). Hence, PQ is only % wavelength.

B Incorrect. Ris a node, hence it will permanently be at rest.

C Correctl In g stationary wave, particles in adjacent loops will alw
each other (j.e. P’ will move down, and Q' will move up).

D Incorrect. The energy is alternating between KE and PE, depending on
particle in the wave.

E Incorrect. The lowest possible frequenc
be one “loop” between XY

Sample problem 2

ays be moving Opposite g

the location of each

y is the fundamental frequency, in which there will only
(Ans: C)

Solution

At resonance, for a closed tube (with one end closed), the stationary wave (at fundamental

frequency) formed is shown in (1). When the lower end is removed (2 opge engds), the stationary
wave (in fundamental mode) formed looks [ike (2).

In(1): L=y - 21=4L

A In@):L=pis1=20 F
Given that the frequency = f 3 If the freque , %
vV v
= — Jeciity =il . =f1 -
Usingv=f1 o f i 1 Using v=f, :
A\ v
(1) @)
(Ans: D)
e
= 2345
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(Oxcillations & Waves)

spension bridge is to be built across a valley where it is known that the wind can gust at 5 s
::Nds‘nbesﬁnwedﬂwiﬂwspeeddmmwmabngnspmdhmwﬁh
-1
400 Ms .
mwdmmmmsinﬂwmdgemﬂsmndmﬂalﬁmmmwwﬂh
#nmabﬂg‘hd_m,

Solution:
in fundamental mode, the stationary wave has a single "loop”
at resonance, with nodes at the 2 ends.

Hence, if the length of the bridge, L, is equal to %44, the
pridge will resonate with the fundamental frequency.

Given that the wind gusts at 5 s intervals —f, = _— =—-=02Hz
4
Using v=FA - 2= % = 22 =2000m

Hence, the bridge has the danger of resonating (fundamental mode) if L = %4 = 1000 m

Sample problem 4:
An organ pipe of effective length 0.6 m is closed at one end.
Given that the speed of sound in air is 300 ms™, the two lowest resonant frequencies are

Solution:

For fundamental mode:

%iA=06m —Ai=24m 06mf | \
v _ 300 V

f =—=_"_=125Hz (—\;b

For 2™ lowest frequency:

%A=06m - 1=0.8m 06
Frcte = % = 220 = 375 H
e~ om SO ‘,
Hence the two lowest resonant frequencies iy
are 125 Hz & 375 Hz. ) o
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Sample probiem 8:

A taut wire Is clamped at two points 1.0 m apart. It Is plucked near one end.

What are the 3 longest wavelengtha present on the vibrating wire?
Solution

8tep 1: Draw the 3 modes corresponding to the 3 longest wavelengths (between x & Y)
8tep 2: Since the wire Is clamped at the 2 points (X & Y), they must be nodes. |

-
g .
Craramecunner®

Step 3: Relate the length of wire to the corresponding wavelength, 1, in each case

YA=10m :
- A=20m 4=1.0m (—1».5')*013‘:m
A =D, m

The formation of a stationary wave using a graphical method
Nodes and Antinodes

Formation of a stationary (standing) wave

A stationary wave Is formed when two i velength
progressive waves of the san« 1y
amplitude travel in opposite directions superpose in the same mediu m\ b o

"ir l-lr ao*r

In the diagrams above, of the two progressive waves in a string,

W ool g
A\
the other to the right (b). ”—‘f‘-— |

s—
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(Oscillations & Waves)

There are positions along the string which do not move - called nodes (marked by dots)

halfway between successive nodes are antinodes. Where the amplitude of the resultant

wave is maximum (double the amplitude of the individual waves).

¢)

' change).

wave patterns shown in diagram (c) are those of a stationary or standing wave because the
wave pattemns do not move left or right (i.e. the positions of the nodes and antinodes do not

| Comparison between Stationary and Progressive Wave Motions

1 —a-wave velocly v

' A ———
a=
x X
—a
—i
2 '

| l Stationary Wave Progressive Wave

"Amplitude | Varies according to position, from zero at | Is the same for all particles in

‘ the nodes (permanently at rest) to a the path of the wave
| | i maximum of 2a at the antinodes. . (amplitude = a).

' Frequency | All particles vibrate in SHM with the saine Al particles vibrate in SHM
frequency as the wave (except for those at | with the frequency of the

\ the nodes which are at rest). wave.

[ Wavelength | 2 x (distance between a pair of adjacent ' Distance between adjacent Q
| nodes or antinodes) = 2NN = 2AA. | particles which have the %
r same phase. R 2

Phase Phase of all particles between 2 adjacent All particles within one Y{"
nodes is the same. wavelength have gh n
phases. (P\
L Waveform | Does not advance. (The curved string Advances @ velocity of
- strai ice in each period. th
becomes straight twice in each period.) e wam\
Energy No transfer away of energy, but there is Ene sferred in the
energy associated with the wave. directi travel of the
.?k b, PN
| &
| S
———
‘_ | By Jabran Ali Kamran 119 03364864345
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Sample problem 6

A standing wave is set up on a stretched string XY as shown in the diagram.
At which point(s) will be oscillation be exactly in phase with that at point P?

Solution:
In a stationary wave, all points between 2 successive nodes are in phase. In this case, 1 & 2 are
phase with each other, but are in anti-phase with P. Hence, only 3 are in phase with P.

Diffraction

aperture or round an obstacle.
> It is observable when the width of the aperture is of the
same order of magnitude as the wavelength of the

waves.

Diffraction (Continued)

s e« e e (R

e The extent of the diffraction effect is dependent on the relative sizes of the aperture to the
wavelength of the wave. | \
\\\\ ) N\
x.f(:“\

|

o The smaller the size of the aperture, the greater the [r
spreading of the waves (if the width of the aperture is 1
about the same size as the wavelength, A, the 5 | 97/,
diffraction effect is very considerable). | ' ]
 Size of the aperture refers to the width of the slit or gap. | ; \\

Experiments  which  demonstrate  diffraction | Note : Huygens’ xpl atlo
including the diffraction of water waves in a ripple | Diffraction is nc enti in syﬂab 5.

tank with both a wide gap and a narrow gap
Generally, the bigger the wavelength in relation to the width_of the abert
spreading or diffraction of the waves.

is the

=
‘P__j

, /c/Megalecture/ '
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(Oscillations & Waves)

« The diagrams below show the plan view of di

| . : : ffraction of plane water waves through gaps of
different width, in a ripple tank. Note that y o pas

the wavelengths do not change after passing

through the gap.
N N N
) ™
3, |
L
*7
Diffraclion effects
gel 1ess obvious

asthe gap gais larger

Itis the relative sizes of the aperture to the wavelength that is important.
Application of Diffraction

o The forms of jetties are used for directing

curr_ents and they are constructed sometimes
of high or low solid projections.

The diagrams below are Incorrect Why?

) )

(c) (d)
In (c) difiraction effect is right. b i (;W
| , but wavelength
which is incorrect. g gih Increases, Note: Huygen's explarat Vo
_ ' - diffraction is not mept i
L’_‘ (d) diffraction effect is too much for the given large slit | syllabus m .
ze and the wavelength should not be increasing. v

\S

@
5
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k.__
I By Jabran Ali Kamran 121

03364864345

+92 336 7801123 Scanned by CamScanner



For Live Classes, Recorded Lectures, Notes & Past Papers visit;

www.megalecture.com l%%
&y,

Interference i
. m aves to give a res
sing of two or more W g ultant Wavg ,

is the superposing © it
” :iril;;rl‘;ecr:;ﬁn is given by the Prin ciple of Superposition

pamm———

:’ J g -"f-' / | ’ 'J‘.h “‘l k". 'Il
SENETEFNA S LAY AR RS RN
i ! 3 : i ! :-. o "| I
Peak Trough
Constructive
Destrudtive inter ference
interference

» At regions of maxima, constructive interference occurs
(i.e. the waves arrive at these points in phase), resulting
in maxima amplitude, hence high intensity.

* At regions of minima, destructive interference occurs
(i.e. the waves arrive at these points in anti-phase),
resulting in minima or zero amplitude, hence low or zero
intensity.

&""

Experiments that demonstrate Two - source Interference

Thomas Young's Double SIit Experiment ’

L1 e
1111rel i

ol

/4

r
\ £

B
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(Oscillations & Waves)

First w teen

Wi minrl wervwn

In diagram (a) above, the narrow double slits act as wave sources. Slit S; and S; behave as

coherent sources (waves coming from them are always at a constant phase difference) that
produce an interference pattern on screen C.

This Interference pattern (fringe pattern) is shown in diagram (b). Separation between successive
bright fringes (centre to centre) is the fringe spacing.

The bright fringes are formed due to constructive interference (i.e. the waves arrive at these points
In phase), while the dark fringes are due to destructive interference (i.e. the waves arrive at these
points in anti-phase - hence no resultant amplitude, which then appears dark).

e Brigin fmge
e GaTh TG
- <— [righl hnge "\
? P @— Dark Innge @y
¥ 57 \ :' g :—: z::lt':;l::nhlnmgg ﬂg\ \{v
Sy
& a4 Brnght Irmge '\>\‘)\B
a4— Dark innge /N*
\)f”
«<— Brght innge ~
o
A
n

; (L
Schematic diagram of Young's double-slit experiment is sho?gab\o)}.
Why is a single source S used (in front of a single slit, i eé\/fdf using two coherent sources of

{
light? _B,C e

By Jabran All Kamran 123 03364864345

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



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

www.megalecture.com
Oscillation
S & w“
Two-source interference with water

An interference pattern involving water waves is produced by t‘?‘ﬁe":if:;mg sources g the
surface. The lines represent crests, and the spaces betweﬁ“ : represent troygy *a
regions where the lines intersect (spaces also intersect) have constructive intgs :

'
: Brence M
regions where lines intersecting spaces have destructive interference Ce, M

Constructive mterference

\ “——_ Destructive interference

Conditions required for two-source interference fringes to be observed

For interference fringes to be observable:

e The sources must be coherent; that is, they must maintain a constant phase difference,
« The sources must have the same frequency (for light waves, this means that they must be

monochromatic).

e The principle of superposition must apply (the sources must produce the same type of
waves).

e The sources must have (approximately) the same amplitiicie.

« For transverse waves, the sources must be unpolarised or poizrised in the same plane.

o For light waves,
& the wavelengths used should be in the visible range (404 it to 700 nm).

< the source (slit) separation (d) is around the order of 10" m.
% the screen-slits distance D is around 1 - 2 m.

» The primary source of light is transition of electrons. This happeris
fluorescent tubes or the sun.

Y
e
=
@
=
o)
<
(U]
o
w
o
=
8
w
o
=
&
=
5
1]
=
=3
0]
e
>
o]
7]
0]
=]
=
(1]
@

constant phase difference and two waves (from the same source
some path difference.
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Conditions for constructive interference

The 2 thick lines ir)terlseciing at P represent the paths of water waves from the 2 sources to
produce a constructive interference at P,

Length SzP = 147., length S4P = 13). — their path difference = 147, - 137, = .

For other points wilh constructive interference, the path difference must be ns. where n is an
integer. The assumption here is that the sources are in phase.

Conditions for destructive interference

- Deyucten géerbrsrs s

The 2 thick lines intersecting at Q represent the paths of water waves sources to
Produce a destructive interference at Q.

Length S,Q = 143,, length S1Q = 1247, — their path difference = 147.

For other points with destructive interference, the path differen stbe (n+1)2, where nis an
integer. The assumption here is that the sources are in phas@

o)
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Using the equation 1==- for double-slit interference using [Nog;
o Synabusl you Dey
light o "'Eeq
; Understand
q young's g,
Youngqg's Double Slit EXDenrnemu sr.[
you don't p,,
Prove/deriye 8y

EM

In the double slit experiment; bright & dark fringes alternate at equal separation.

The double slit interference s given by the equation

i g
a D
A is the wavelength of the light
a is the separation of the slits
X is the separation of the fringes on the screen (fringe spacing, separation between centres
of bright fringes, or centres of dark fringes)
D is the separation between the screen and the double-slit

Do headlights from a car form interference patterns? Why?
» The interference would be ‘visible' if the two sources are oscillatjrg
constant phase difference. This is why a single light source i
experiment) is split to produce two which are then coherent.

phase or have @
ung’s double slit

v
5
o
o
=
o
3
—
5
o
103
@
el
o
o
=2
o
5
o
o}
—
=
o
-
@
o
: O
o
3
o
a
73
»
o
=D
Q
©
—
o
o
=

waves would render them no longer coherent.
7 Note that, because the wavelength of light is so s
observable fringes ‘D’ needs to be large and ‘a’ 4
applications of equation of young's double slit expex;
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(Oscillations & Waves)

Sample problem 7

Which of the following statements must be true about two wave-trains of monochromatic light
arriving at & point on a screen if the wave-trains are coherent?

They are in phase.

They have a constant phase difference.

They have both travelled paths of equal length.
They have approximately equal amplitudes.
They interfere constructively.

Solution: (Ans: B)

m o O o »

Only [B] is true as this is the meaning of coherence.
Sample problem 8

When a two-slit arrangement was set up to produce interference fringes on a screen using a

monochromatic source of green light, the fringes were found to be too close together for
convenient observation.

In which of the following ways would it be possible to increase the separation of the fringes?

Decrease the distance between the screen and the slits
Increase the distance between the source and the slits
Have a larger distance between the two slits.

Increase the width of each slit.

m o O m »

Replace the light source with a monochromatic source of red fight

Solution: (Ans: E)

-2 o x=22 | ®\>

® |~

Since it is a double slit setup, using the equation

A decrease D — x will decrease @
B increase distance between source & slits does not affect the fringe separ
c increase a — x will decrease
D increasing the width of the slit will not affect x, but will allow mdre

brighter pattern &
E replace green light with red light. Areg > Agreen —> if A inc, ill increases.
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Sample problem 9

i idth for
Calculate the observed fringe wid
) wavelength 600nm and slits 0.50nm apa

0.80m,
Solution:

ax

Using A = =

a young's double slit experiment using g

rt. The distance from the slits to the SCrEnt“

&

=600 x 10° x 0.80/0.50 x 10°

=960 m
Use of a diffraction grating to determine the wavelength of light

« A diffraction grating is a plate on which there is a very large number of identical, Paral|

very closely spaced slits. _
» If a monochromatic light is incident on this plate, a pattern of narrow bright fringes js

produced.

How a Diffraction Grating Works Interference pattern

When you look at a diffracted light you see:
e the light straight ahead as if the grating were

transparent. :ri:rlse‘r C:Sc':?l

* a "central bright spot".

» the interference of all other light waves from m
different grooves produces a scattered pattern calle a
spectrum.
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(Oscillations & Waves)

App“cation of Diffraction Grating

» A diffraction grating can be used to make a spectrometer and a spectrometer is a device
that measures the wavelength of light,

THE VISIBLE SPECTRUM - Wavelength in Nanometers

] i B [ - i\ " . .
400 450 500 550 €00 650 7
Al 55 ] 750
(e Violet Bive  Cyan Green Yellow Orange Red  [infra)

The equation: d sin 8 = n)

Figure 8.54 shows a parallel beam of light incident normally on a diffraction grating in which the
spacing bet\_neen adjacent slits is d. Consider first rays 1 and 2 which are incident on adjacent slits.
The path difference between these rays when they emerge at an angle 0 is d sin6, to obtain
constructive interference in this direction from these two rays, the condition is that the path
difference should be an integral number of wavelengths. The path difference between rays 2 and

3,3 and 4, anq so on, will also be d sing. The condition for constructive interference is the same.
Thus, the condition for a maximum of intensity at angle 8 is

dsind = nj
Where 4 is the wavelength of the menochromatic light used, and # is a whole number.

4 Pl tiFmEnes w dgin 9

)
light diftra®ted
@t # to normal

WV

When n =0, sin 0 - 0 and @ is also zero; this gives the straight-on direction, or w called the
Eefo-order maximum. When n = 1, we have the first-order diffraction maximum, n (Figure
.55),

O

1st order

' 3rd order @
incident light normal _ 2nd order
to the Eilmﬂ ’

2nd order
3rd order

033648
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Figure 8 558 Maxima in the diffraction pattern of a diffraction grating
W 7,00 x 10" lines por meter, ™

o laht 8 Incldent normally on a prating wil
Manachromatic 19 ( A0.0% Caloulate the wavalang,

order maximum is observed at an angle of ditfraction of
incident ight.

The slits on a diffraction grating are created by drawing parallel lines on the surface of ity flat
The relationship between the slit apacing o and the number N of lines per meler s = 1y ', 1?“‘

grating,
d=17.00x 10% = 143X 10 ® m. Using nk - d alnb,

A = (cn) sind = (1.43 x 10°/2) 8in 40.0" = 460nm,

Oifye)
iy
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Waves

Introducing Waves

Waves carTy energy.
%@iﬁ‘g:g&“mﬁggﬁuak& the seismic waves produced can cause great damage to
What is a wave?

Wave is @ methad of propagation of energy. For example, when we drop a pebble into a pond of

<4l water, & few dircular fipples move outwards, on the surface of the water. As these circular
ripples spread out, energy is being carried with them.

Sources of Waves

The source ?f any wave IS & vibration or oscillation. For example, the forming of the slinky waves
as shown. W &ve mobion provides a mechanism for the transfer of energy from one point to another
without the physical transfer of the medium between the two points.

Simkywaves canbemade byvibmisg

the fivet cotl back xnd farih meibsy

a horizmtal ez 4 verhoal dimachie=,
Two Types of Waves

Transverse Wave Rope waves, Water waves, Light waves, Radio waves, Electromagnetic waves.
Longitudinal Wave Sound waves and waves produced in a vertical oscillating spring under tension.

Transverse Wave
Souzre oves Caolsmove \

wp and down up and down @V

=
W@
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Waves

Introducing Waves

Waves carry energy.

For Example, during an earthquake, the seismic waves produced can cause great damage to
buildings and the surroundings.

What is a wave?

Wave is @ method of propagation of energy. For example, when we drop a pebble into a PQNd of
still water, a few circular ripples move outwards, on the surface of the water. As these circular
ripples spread out, energy is being carried with them.

Sources of Waves

The source of any wave is a vibration or oscillation. For example, the forming of the slinky waves
as shown. Wave motion provides a mechanism for the transfer of energy from one point to another
without the physical transfer of the medium between the two points.

Slinkyweaves canbemade by wibrelimg
the first coal back and farth meihoe
8 horizarta) ex s verhizel diseciien,

Two Types of Waves

Transverse Wave Rope waves, Water waves, Light wavas, Hadio waves, Electromagnetic waves.
Longitudinal Wave Sound waves and waves produced in & vertical ogcillating spring under tension. |
|

Transverse Wave
Source moves Coilsmove \

up end dowm up and dovn @\y

) Lmsimdir:lﬁmw @b

Jeftandright  leftand right ®
' ? :
Enerpy Tomsport J
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Transverse Waves
Tramsverse weves pronecate in & direction perpendicular to the direction of vibration.
Transverse Wave
Scuzce meve Calsmove
o and dewm up and dovm

Longitudinal Waves
Long@udinal waves propagate in a direction parallel to the direction of vibration.
Longitudinal wave

Souzre moves Coils mowe
left and nght left and night
compressions

: rarefactions I

ﬂ

Reference link for E é : %
Demonstration of waves Q ] i
http//www acs.psu edu!drusselUdemos!waves!wavemotion html

e
132 033 54354345
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peseribing Waves
(renta aid Hoenghe

Migh peimla and fow ’mlltln hal charactetien (ranaverse waves only. For longiudinal waves,
actions ate used, Amplituda, A, 81 Unlt; tmetre (m)

T Comprassionn <

Frpnesaline and (are

ETH i, - B
Wapslimiosinisil Wy pstisg Jj'
| ;

d GLE l- ) - :l crasi _o \4 "1'

/ . y 7 R L

o :.V ty t |

l ! o a \4 ' A amplitude A~

sl ! "\4 ol 4 digtance

jresalting "4 “ “ > :

(tmveliotiar bl : : itr.:ol::g‘tlrz
i) 1 ¢ ¢ J amplitude <A

A I. 3 ;I.irnu“h .

A LV e e rape wive

Wavelength,A, 81 Unit: motre (m)

The shortest distance belweon aiy two polats on iowive thal are in phase. The two easiest points
1o choose for a distance of one vapeclength are lwo suceessive crests or troughs.,

ihiaplan i wsinieninl doy vr o pes e
1 fivesnl 14 / ..1 crant
A - .

F 4

Ay, » e 4
W ¥ (%4 '

teal i A ’{. b P by nmplituda A

el al ! \4 digtance \
Irsaltion . ’ 3 . = alang rom
(undioturbod ! s it anstros

tope) 1 . ¢ ‘ arnplitudo ~A

“A .'I_ & —— _:['i:nuun 5

-
3]
A ANV G TUPE WhVE

S —

Frequency,/ 81 Unit: hertz (Hz) D@XO

The number of complote waves produced per second, The flgt'?_sh wo complete waves and
i)

-
I they are produced In one sacond, then the frequency of this ‘\V\ya two waves per second or 2

hertg, <é

<
%)%\/
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Period, T, SI Unit: second (s)
The time taken to produce one complete wave. T= /f

displacemenl in metres
'Y

| crest e

Yy

+A — — K B
rest or . X, ~ - fnplitude A !
central ,;' ’ distanyg
position — ==« & e " al '
(undisturbed |t‘ x‘ inorﬂgu.,-
rope) amplitude -A

: "
3 \.j
- .—' - - - —— i Ty N
—A 2 __] trough

A transverse rope wave

Wave Speed, v, Sl Unit: metre per s (m/s)
The distance travelled by a wave in one second.
Wave Front

An imaginary line on a wave phase of vibration that join all points which are in phase of vibration

displacement in matres
-

| crest o 5 -
+A — P ~ y e — 5
rest or 4 *\A A
central "{ N x4
Position ™ J —_—
(undisturbed 13 \\: /
rope) v £ 4

' \ :’3 ‘:\_/’f
-'A i_ . ; < ;.__ = ltrE_UéT'l B

A transverse rope wave

Phase

T_wo points (such as x &x’, and y&y)
direction with the same speed and havi
crests or trough are in phases.

displacement in mealres

are said to be in phase because that dre
ng the same displacement from tfe r

ik ? . crest oo 5 —— | crast
.,L_. -
|p .

A
crest 1
R R s s A
\éy, T ." 1
; | @mplitude A ;
:; o= | distanze,
w” * along ro
i 1N metres
i tuniplitude -4 *

'

ving in the same
position. Any tWo

u-\. - — — T

rast nr s .'\’: 4/ 1
central xf' \‘ * ampliude A
T e . O i~

e ) — - alongrmy
ropa) ¢ 4 \‘.‘ f' . in meaties

1 Inmplnudo -A T
A | 5 — — Jwough - =
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(Wars)

pescribing Waves - Phase difference

A term usqd to describe the relative positions of the crests or troughs of two waves of the same
frequency is phase When the crests and troughs of the two waves are aligned, the waves are sald
to he in phase When a crest is aligned with a trough, the waves are out of phase When used as &
quantitative measure, phase has the unit of angle (radians or degrees) Thus, whan waves are out
of phase, or the wave is half a cycle behind the other Since one cycle Is equivalent to 2n radians or

' 360°, the phase difference between waves that are exactly out of phase I8 n radians or 180"
Consider Figure in whlc_h there are two waves of the same frequency, but with a phase difference
between them. Thg period T corresponds to a phase angle of 2n rad or 360" The two wives are
out of step by a time t. Thus, phase difference Is equal to 2n (I/T) rad = 360(U1)G. A simlilar
argument may be used for waves of wavelength A which are out of step by o distances. In this
case the phase difference is Zn(x/L) rad = 360(x/A )°,

[e— -
AN
19— 27 e
3
‘.
. NN
N\ :

,. S

# The wave equation and principle ‘(2:) 5
Speed = distance/time ON

t Wavelength is the distance moved by the wave in one cycle |.e distance @

, .

Time = period = 1/frequency i Q@u
So speed = wavelength/period b
¢ Speed = wavelength x frequency, .ev = Af
} N
g 7,
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The Wave Equation

Example 1

Visible light has wavelengths between 400 nm and 700 nm, and its speed in a vacuum s

3.0x10°ms™,
What is the maximum frequency of visible light?
Solution:

Fromv =f), the frequency f =% , 1.e fis inversely proportional to .

For maximum frequency, minimum wavelength should be used.

Hence, f. = Y =3Xx10°m
. W Amn  400x 107

=75x10™ Hz
Example 2

A sound wave of frequency 400 Hz is travelli

. . ng in a gas at a speed of 320 m s™'. What is the phase
difference between two points 0.2 m apart in the direction of travel?

Solution:

320 ms™
400 Hz

n
=—rad
- ¢ 5

Wavelength , A = %= =0.80m

* . =
2rn

.8

Ll R

02 _1
0.8 4

g
B

45
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gxamplo 4

Two boats are anchored 4 metre, npar, Tt
- They hot
up the other is down, There are 1P and down every :
p s Nover any WAV Cronts botyn 1 ry_! soconds, but when one is
the 961 the bonts, Calculnte the speed of

Solution:

Period, T = (3 x 2)s = Bs

wavelength, 7.= 8 m

Speed, v = %- = (8/6) m/s = 1,33 m/s

Ripple Tank (Wave production)
The Structure
A shallow glass-bottomed tray: A light

the tray used to capture the shadows f
waves Plane waves by using the straight dipper Circul

source directly above the tray; and a white screen beneath
ormed when water waves traverse the tray. Production of
ar wavas by spherical dipper

Lptrical Cipme
for chreutor w e
o o
.1'-1:'I

vt up and o ln

down by migee 1t i"
a 7 F, (3

] A ]

ke s trttmed Q\
EH Enme @
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Energy is transferred by a progressive wave
Wave Motion

There are also two other ways to classify waves — by their motion. A wave in which g, ;

transferred from one place to another as a result of its motion is called a progressive ways Fh
Example, An ultraviolet light wave, which transfers energy from the sun to the skin of pegp), Mﬂr
on the beach, for instance, is a progressive wave. In general, waves that move from ong poingng
another transfer some kind of energy. In a progressive wave, the shape of the wave itseff, i wh?
is transferred, not the actual components of the medium. !

Look at this animated example
http://library.thinkquest.ora/15433/unit5/5-3.html

B

— —c‘

This animation of a dog on a leash shows a progressive wave transferring energy from the boy to
the dog, which end up getting flipped through the air.

Show an understanding that energy is transferred due to a progressive wave,

Oscillation (or oscillatory motion) refers to the to-and-fro motion of a particle about an equilibrium
position. The oscillatory motion of the particle is a continuous exchange of potential and kinetic
energy of the particle. Wave refers to the combined motion of a series of linked-particles: each of
which is originally at rest at its respective equilibrium position. Starting from the oscillation of the
first particle about its equilibrium position, the energy of the oscillation is passed to the second
panicle, which in turn is passed to the third particle and subsequent pzrficias in the series of linked-
particles. So wave motion is the motion of energy passed from one pz:ticic to the next in a series,
through oscillatory motion of these particles, in sequence.

Examples:

(1) Soundwave:

When a sound wave is propagated from a \ Pacsiction
tuning fork to an ear of a person some
distance away, the vibration of the fork sets
the air layer next to it into vibration. The
second layer of air is then set into vibration by

the transfer of energy from the first layer.

et T
Alr perticles move 1o and tra

This transfer of energy continues for
subsequent layers until the layer of air next to

the ear is also set into vibration, which in turn vibrates the eér-drum of the eat, en‘abfm;gﬁﬁe 1" )
\\ .

to hear the sound originated from the tuning fork.

There is no net transfer of air particles from the tuning fork to the ear. The ear-drum indhéea’ 2"
vibrate because energy has been transferred to it from the tuning, fork-through thel seguent
vibration of the layers of air between the tuning fork and the ear. (Dia\gram Zbov sequenta!
vibration of the layers of air forms regions of compression (where air lafers-are cigser to €3
other) and regions of rarefaction (where air layers are further apart). The b6 #ay movement
such regions from the tuning fork to the ear signifies the propagation of sound m’?/e energy.

R
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@ Wwave in a rope:

ling in a rope may originat R ; f the
The wave rave o ginate from the vibration of the first particle at one end © .
cpe. The_energy °ff thef“bfahng first particle is transferred o the second particle, setting it into
yoration. This transfer of energy continues to subsequent particles in the rope until it reaches the
other end of the rope.

3) Water wave.

he energy of the vit:frating water molecules is transferred to subsequent molecules along the
uriace of water, causing these molecule

s further from the vibrating source to be set into up-down
motion The examples (1), (2) and (3) are examples of progressive waves, where energy is
yachered o ono fEgion 1o 9"0“?3’ region through sequential vibration of a series of linked-
pattices. The energy of a first vibrating particle is propagated along a series of linked-particles to
gnother region Sound energy is propagated from the tuning fork to the ear, energy from one end of
z rope is propagated to the other end, ang energy from one region of wafer surface next to a
vhrating source is propagated to an

other region in the ripple tank.
Intensity of the Wave

One of the characteristies of a progressive wave is that it carries energy The amount of energy
passing through unit area per unit time is called the

intensity of the wave. The intensity is
proportional 10 the square of the amplitude of a wave. Thus, doubling the amplitude of a wave
increases the intensity of the wave by a factor of four. The intensity also depends on the
frequency: intensity is proportional to the square of the frequency. or a wave of amplitude A and
frequency f, the intensity f is proportional to A%,

If the waves from a point source spread out equally in all directions, we have what is called a
spherical wave. As the wave travels further from the source, the energy it carries passes through
an increasingly large area. Since the surface area of a sphere is 41, the intensity is W/4x?, where
W is the power of the source The intensity of the wave thus decreases with Increasing distance
from the source. The intensity : i proportional to 1/ where r is the distance from the source.

This relationship assumes thai ihere is no absorotion of wave energy.
Recall and use the relatisniship, intensity « (amplitude)?.

Intensity t is the rate of incidence of energy per unit area normal to the direction of incidence.

The rate of incidence of energy can be regarded as power. The plane of the area, which the

ve
energy is incident onto, has to be normal (perpendicular) to the direction of the incidenc o‘ﬁ%
wave energy. The unit of intensity is W m=. Intensity on an area A can be expressed as \7

I= E :;
A < § S
where P is the power incident on the area normally. @

intensity oc (amplitude)?

A sound wave of amplitude 0.20 mm has an intensity of 3.0 W m™. Whg
Sound wave of the same frequency which has an amplitude of 0.40 m

&
o)
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Solution:
The relation | « (amplitude)?
. 2
Can be expressed as | = A(amplitude)
Where k is the constant of proportionality.
Substituting,
3.0 =k(0.20mm)" -==~(1)
New intensity, | = k(0.40mm)" —-~(2)
1 PR
(1) 3.0Wm”

For sound waves, intensity is a measure of loudness.
For light waves, intensity is a measure of brightness.

Analyse and interpret graphical representations of transverse and
longitudinal waves.

In a wave, there are two directions of motions: direction of propagation of energy (which is the
direction of motion of the wave) direction of oscillation of the particles in the wave.

r\. tmljtsverse wave is one in which the direction of propagation of energy is perpendicular to the
direction of oscillation of the particles in the wave.

= drecor f Yavd 7 wam

In the example of a wave travelling along a string (or a wave travelling along a slinky diagrams

above, the wave is started from one end of the strin illati i
‘ . . g by the oscillation of tpé {irst element in the
direction perpendicular to the string, then this wave travelling along the sﬁ{:s i’ an example of 2
:;33::;5: -t:‘i'gﬁh thgﬂdlre.cnonfof propagation of the wave is along the sgsing. A longitudinal w2/
e direction of propagation of enerqy i ilact ‘ygﬂ\ﬂ the
e g rgy is parallel to the :r{ecﬁcm Gscillafion of
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when a sound wave set up by the vibratin
propagation of sound energy is along th
layers is back and forth, parallel to t
jongitudinal wave.

Graphs representing waves
Graph 1: Displacement vs. Position graphs
These are plotted with displacement, y,

viem)
A

g piston propagates along the pipe of air, the direction of
e pipe to the right. The direction of oscillation of the air
his direction. Hence sound wave is an example of a

against distance or position, x.

-

i
[
|

For a transverse wave moving from left to right along the x-axis, displacement of the particles in
the wave, y, may be given a +ve sign for displacement upwards, and a —ve sign for displacement
downwards. For a longitudinal wave moving from left to right along the x-axis, displacement of the

particles in the wave, y, may be given a +ve sign for displacement to the right and a —ve sign for
displacement to the left

: :,..____,___, distance

displacement

Graph 2 : Displacement vs. Time graphs

In contrast, graphs used to represent an oscillation of a particle are plotted with displacement, y
against time, f. e

1 /N N
t§@

2 4
al @
In the graph above, we are tracking the displacement of one particle @%me goes by. This
NOT represent the wave §
one
A
i L ume
i \/ \.,
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In Displacement vs, Time graphs, The graph represents the oscillation of one particle on e,
with time. the “distance” between consecutive crests or COnsec gns Is one perigg The

maximum height of the vertical axis = amplitude of oscillation.

A AAW
VRVA®

—A—
()

HV \

Fig.2

Fig.2 shows 5 snapshots' of a transverse wave in a strin , travelling i the +ve directi -
axis (Ieft_to. right). The movement of the wave is indicatecgfJ by the ric‘:f'.h.bward prtca)gdrg(se:tg‘ntr?; Es]::o):'t
down-pointing arrow, pointing at the middle crest' of the wave in sns;ps}:ot (a). From snapshots (a)
to (e), the short arow moves to the right with the wave, but each particle in the string moves
parallel to the y-axis (up apd down). An example of such a particle is along the y-axis (shown
t(:i;)r?g?g;j). Each snapshot is taken at an interval of % period. One full oscillation takes place from

Actual positions of layers within the longitudinal wave
12 3 4 5 6 7 8 9 10 11 12 13 14 15

equilibrium
|
S e

1 I 4l I, |
displacements 2 3 4567 8 | 9 ! 10l 11'1211314 l15 |
at an instant l‘ 1 B | ';I"‘xj'l‘;?'r-r—'——q-r-»r“ﬁq-r
| | 1 % ' | %

X, | X,
rarelaction com i | | ®]
| pression rarefacti \pressi
[ Y R I | M | Icompressnon]

1 ‘|~

_...--""

142 0336486434

By Jabran Ali Kamran

youtube.com/c/Megalecture/

+92 336 7801123 Scanned by CamScanner



’_ For Live Classes, Recorded Lectures, Notes & Past Papers visit: g
' www.megalecture.com :'

(Waves)

gummary For Part (f):
() Displacement-time graph is for the oscillation of a particle in the wave }
displacement

N AL _ ‘,
' Y 8 /v /‘:\W/z’o 7 -

time /ma

The graph above shows an element oscillating with an amplitude of 4 mm lts period of oscillation is

about 5 ms.
(2) Displacement-distance graph s for a snapshot of a wave motion at an instant

displacement

‘mﬂ/_\
10 12 va 18 //\ s

02 04 O6 08 N~ 18 20 22 24 26 -
distance /m

The graph above shows an instant of a wave with an amplitude of 4 mm. Its wavelength is about
1.8 m.

Example 7
The diagram below shows an instantaneous position of a string as a transverse progressive wave
travels along it from left to right.

1 2 3
AT T P o
v
Which one of the following cerrsrily shows the directions of the velocities of the points 2 and 3 on
the string? g
1 2 3
A - - -3
B - «— -
* { d l
D l T d \
E T d 1 \p
Solution :;

Knowing that the wave is traveling from LEFT to RIGHT, sketch how the wave like just
1 2

an instant after: @b
P . e .
— wave

, the particles only oscillates

Then look at the points concerned. Since it is @ TRANSVERS
Perpendicular to the wave direction. This eliminates Answe

Ans: p %%

k-__
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Example 8
Th_e graph shows the shape at a particular instant of part of a transverse wave travellin,
string 9 along ,
displacement P S
I Sl N istance along
sting

Which statement about the motion of elements of the string is correct?
A The speed of the element at P is a maximum

B The displacement of the element at Q is always zero

C The energy of the element at R is entirely kinetic

D The acceleration of the element at S is a maximum

Solution:

Although the graph represents the whole wave at an instant in time, the question requires you to
analyse the motion of the individual particles within the wave at this instant.

Element P: At extreme end of oscillation =>  stationary

Element Q: At equilibrium position - moving fastest

Element R: At extreme end of oscillation ->  stationary, no kinetic energy
Element S: At extreme end of oscillation -2 max displacement, max acceleration

Ans: D
The Electromagnetic Spectrum
Electromagnetic Waves

James Clerk Maxwell s (1831 - 1879) crowning achievement was to show that a beam of light is a
travelling wave of electric and magnetic field, an e/ectro-magnetic wave. In Maxwell s time, the
visibley infrared and ultraviolet form of light were the only electromagnetic waves known. Heinrich

Hertz then discovered what we now call radio waves and verified that they move through the
laboratory at the same speed as visible light.

We now know a wide spectrum of electromagnetic waves The Sun, being t
these waves, continually bathes us with electromagnetic waves throughoutAthis

THE ELECTROMAGNETIC SPECTRUM

Wasdengm 10" W 0"

ul_l}‘_ ﬁI T

= o

Commrram r
v

minant source of
ectrum.

10t et ot a0t et 17 et gt 10" o™ oV
T T T T 1

n-:-'—.o 1@‘ ii e —

F4 e 4
- W13 & 48 By -

w 10; ‘@ w' “N “‘l wll mll wl‘ mls WM wll mll W“ wﬂ
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Type of EM wave Typical Wavelengths A and Its | Orders of magnitude
corresponding frequency,f. | for wavelength,A/m
Gamma (y) rays A = 1pm = 10"m Ry
f = 3x10®Hz i
x-rays A = 100pm = 10"m 10
f = 3x10"Hz
UV ultraviolet A= 10n0m = 10°m 10°
f = 3x10"Hz
Aea = 700nm
Visible light dgeen = 600NM =0.6 pm 10%
Aviot = 400 nm
foeen = 5x10"Hz
IR (infra-red) A = 100pm = 10*m 10*
: { = 3x10"Hz
Radio wave (includes A = 3m 0 2
microwaves, UHF, VHF ete) | 1 = 10°Hz W= |

Properties of Electromagnetic Waves

1) EM waves have the same speed, c, in

2) EM waves consist of oscillating electric and magnetic fields that are perpendicular to each other.

3) EM waves are all transverse waves

Energy (E) and Intensity (1) of a Progressive Wave

When we set up a wave on a siretched
the wave moves away from us, it ranspo

energy.
Kinetic Energy

An element of the stri
wave passes through it, has KE
rushing through its y- 0 position (eler
is a maximum. When the element is @
velocity- and thus its KE- is zero.

Y

ng of mass Am, oscillating transversely )
associated with its transverse velocity

element b in the diagram),

vacuum (c~3x 108 ms™).

string, we provide energy for the motion of the string. ;f\s
rts that energy as both kinetic energy and elastic potential

in simple harmonic motion as the
u. When the element is
its transverse velocity- and thus its KE

t its extreme position y - A (element a), its transverse

@‘@

03364864345
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The frequency of sound using a calibrated CRO
(This togic was done in Becond chagter - Measurement & Techniques)

A caltrates oo, (cathode-ray osciioncope) implies that the time-base is set such that the: periog
T, of oaciiztions of the zir zyers detected by the microphone may be read, Using the relation

1

=
the frenuency, { of sound produced by the viorating loudspezrer may be determined
Sample problem

(Thiz topic was done in Becond chapter : Measurement & Techniques)
The trace shoum spsared on an oaclionops saeen vith the time-base setto 2.0 ms cm”,

| | !
\ | /1N
\l }/ \
| | /l \
| [\I/] \
ANEEN
<5
1
Wt i the frequency of the eignal?
b 40 Hz B 125 Hz
C 2% Wz D 500 Hz
Solution
Percnd, T=20ms o’ 74 cm=8.0ms
- zi [ Jp— J i
Freguercy, 1 — -y 125 Hz
Ans. E
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The wavelength of sound using stationary waves

gtationary Waves in the topic Superposition

Electromagnetic Wave : Electric Field & Magnetic Field

ight wave is an electrom :
g:grcmgneﬁcwave isa h'an:ggrit;c Wave that travels through the vacuum of outer space.
wave that has both an electric and a magnetic component.

ext chapter 'Superposition’. Please refer to notes on

e e eea—

ht wave
emitted by the sun, by a lamp in the classroom or b

ight Such Bight warves are Grostad by electric chay y a candle flame are examples of unpolarized

es and vibrate in a variety of directions.

e ———
I By Jabran Ali Kamran 147 03364864345
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Polarization is a phenomenon assoclated with transverse waves

. e plane only,
Process by which a wave's osclllations are made to oceur i one p Y. Associateq yy,
transverse waves only,

Note : Here, Polarization of
light is analogous to that
shown in the diagrams.

‘When the pickets of both fences are aligned in the enehical
direction, a wertical vibration canmake it througi hetls fences.

When the pickets of the second fence are horizontal, vertical
wibrations which make it through the first fence wrill be blocked.

transverse waves

Reference link :

htlg:r‘!www.youtube.com:’watch?v=eBaYoLi2r08

PSS
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arization by Use of a Polaroid Fijter

t common me

thod of polarization i
of a special materi Involves the use of a Polaroid filter. Polaroid filters are

al that is capable :
magnetic wave. P of b'OCklﬂg one of the two planes of vibration of an

pol

aP
ission of the light through the filter. E b :
"5"‘],"1 emerges with one-half the intensi\’t;’hae:dlmpolanzed light is transmitted through a Polaroid

fiiter: light. with vibrations in a single plane; it emerges as

Teacher

Teacher seen

Axes aligned parallel to each other Aves aligned | dicdas o each other

Light u-avelling‘parallel to polariser the transmitted light ha i i
polaised light (i.e. the amplitude of the light wave is idgntical)s_ (almost) the same intensity as the

unpolarised light polarised light transmitted light
polariser analyser

= no transmitted light

unpolarised light —~d  polarised light
polariser analyser

When the 2nd polariser, or the Analyser is perpendicular to polariser, no transmitted lj IN,
observed. Hence, intensity is zero. (i.e. the amplitude of the light wave is zero). @y

Alongitudinal waves cannot be polarised. Why?
Alongituding| waves cannot be polarised because the particles in the wave o i@ rallel to the

Yave direction and cannot be restricted to vibrate in any plane.

@
&

S——
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Applications of Polarizations

1) Polaroid sunglasses

i be dimin
The glare from reflecting surfaces can .
The gpola;rization axes of the lens aré vertica

surfaces.

ished with the use of Polaroid Sungla
|, as most glare reflects from 3%ey
M2onty

Applications of Polarizations
2) Polarization is also used in the entertainment indust
Reference link : httpzﬁwww.voutube.com;'watch?v=qlequZer

HOW 3D WORKS (not in syllabus, just for your information only) Three-dimensional mcw?es ar
actually two movies being shown at the same time throu_gh two projectors. The two movies are
filmed from two slightly different camera locations. Each individual movie IS then projected from
different sides of the audience onto a metal screen. The movies are projected tlhroygh a polarizing
filter. The polarizing filter used for the projector on the left may have its polarization axis aligned
horizontally while the polarizing filter used for the projector on the right \}*ould have its polarization
axis aligned vertically. Conseguently, there are two slightly different movies being projected onto &
screen. Each movie is cast by light that is polarized with an orientation perpendicular to the other
movie. The audience then wears glasses that have two Polaroid fitiers. Each filter has a different
polarization axis - one is horizontal and the other is vertical. The result of this arrgngemgnt of
projectors and filters is that the left eye sees the movie that is projertad from the right projector

while the right eye sees the movie that is projected from the left projecior. This gives the viewera |
|

perception of depth.

ry to produce and show 3-D movies.

QUESTION TIME !

|
Check your understanding on Polarization i
|
|
|

Question No.1
1. Suppose that light passes through two Polaroid filters whose polarizgtion gxes are parallel ©
each other. What would be the result?

7N

Answer - Question No.1 ‘ .
Polarizers !

The first filter will polarize the light, blocking one-half of /
its vibrations. The second filter will have no affect on < = ) f
the light. Bei i ) |
e light. Being aligned parallel to the first filter, the 7 |
’/ﬁ

second filter will let the same light waves through. %
1

Unpolarized light

| By Jabran Ali Kamran 150
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question No.2

2. Which of the following cannot be polarised?
A.infra'ed waves

B-microwaves
C-sound waves
D- ultraviolet waves

Answer - Question No_.2
Answer: C — Sound waveg

Question No.3

Explain.

(The polarization axes are shown by the lines )

Answer - Question .2
Answer: A

The glare is the result of z iarge concentrati i i
of & farg ration of light aligned parallel to the water surfa
block such plane-polarized light, a filter with a vertically aligned polarization axis must bgeﬁs-g%

3
%
®§®
&
&
S
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The Doppler effect

You may have noticed a change in pitch of the
note heard when an emergency vehicle passes
you while sounding its siren. The pitch is higher
as it approaches you and lower as it recedes into
the distance. This is an example of the Doppler
effect: you can hear the same thing if a train
passes at speed while sounding its whistle.
Figure 13.11 shows why this change in frequency
is observed. It shows a source ofsound emitting
waves with a constant frequency f, together with
two observers A and B. If the source is stationary
(Figure 13.11a), waves amive at A and B at the
same rate, and so both observers hear sounds of
the same frequency f. If the source is moving
towards A and away from B (Figure 13.11b), the
situation is different. From the diagram you can
see that the waves are squashed together in the
direction of A and spread apart in the direction of
B. Observer A will observe waves whose
wavelength is shortened. More waves per second
amve at A, and so A observes a sound of higher
frequency than I. Similarly, the waves arriving at
B have been stretched out and B will observe a
frequency lower than f.

An equation for observed frequency

There are two different speeds involved in this
situation. The source is moving with speed vi. The
sound waves travel through the air with speed v,
which is unaffected by the speed of the source.
(Remember, the speed of a wave depends only on
the medium it is travelling through.) The frequency
and wavelength observed by an observer will
change according to the speed v, at which the
source is moving. Figure 13.12 shows how we can
calculate the observed wavelength A, and the
observed frequency f,. The wave trains shown in
Figure 13.12 represent the waves emitted by the
source in 1 s. Provided the source is stationary
(Figure 13.12a), the length of this train is equal to
the wave speed v since this is the distance the first
wave travels away from the source in 1 s. The

is moving away from the observer (Figure 13.12b). In 135. the so

train off waves will have a length equal to v + v,

Light waves show the Doppler effect in the same wa

astronomer looks at the light from a distant star

simply given by AL = vg/c.

waves squashed

Figure 13.11 Sound waves, represented by wavefronts,
emitted at constant frequency by a a stationary source, and
b asource moving with speed v .

b

i = i

T4 £ 1
stationary e / \'
source | \/ / ' e

moving |

source

= VAVAVAY

)

]
direction of wave travel '
1
]

1)
[

v

'

1

Figure 13.12 Sound waves, emitted at constant frequency
by a a stationary source, and b a source moving with speed s

away from the observer.

wavelength observed by the observer is simply A, = % Thesituation is different

Y_that sound waves.do/So, "@ f
- : which is receding from \atipeed Ve is
wavelength will be increased and its frequency will be decreased. The r.:hang}%ﬁ'“’E"e"gth .

e muves a distanc

___—
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Electric Ficlds

Electric Fields

S N ‘:’\‘T‘?se:ﬁm ‘:?s 07 8ach other when they are a distance apart. The word ‘Electic
gat 18 uSRU  @XIa TS action at a distance. An Eleciric field is defined as the region of space
JNTE 3 SIANONATY Charge experiences force. =

The direction of Electric Fields

N&vﬂ\“dﬁjﬁiﬁw%d?ﬁnedasthedimbn in which a positive charge would move if
aere !"1';{’:; & &;faﬂ;l:eig force can be drawn with amows that go from positive to negative.

\  Decrfield Bnes are aiso called force lines. The field lines are originated from the positive charge
axd they end up at the negative charge. o

|
\ / \\ / 4
| / \ | ) \
e lI I
Fositive Charge Electric Field ' Negative Charge Electric Fisld
_{ameated cema) {animatad dermo)

Remember, for any ELECTRIC FIELD.....

. The lines of force starts on & positive charge and end on a negative charge. The lines of force
| never touch or cross. The strength of the electric field is indicated by the closeness of the lines:

means the closer they are. the stronger the field.
[+ + + + + + + + +]| \
v v v v T TE @

Electric Field Strength

Blectric field strength at a point is defined as the force per‘unit N :“S’
tharge acting on a small positive charge placed at that point. If a__| Remember, the symbol E is

force experienced by a positive charge +Q placed in the field is<> Iso used for ‘energy’.
F
F. then the fielg strength, E is given by E= 5 Q

S

S———
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Unit of Electric Field Strength

. F.. Note: T e,
The unit of Electric field strength for the equation £=— IS GIVéN | Remember, later we
Q A shal| [
. that there is another co
byNC™* S| unit for electric field

Vm™ . How Strength
where force is measured in Newtons and charge in Coulombs. . ever the 2 yp;

equivalent.
The field strength (E) of the uniform field between charged parallel
plates in terms of potential difference (V) and separation (d)

+ [ ]

___-__-‘-‘-_‘-"‘-

+ +

Positive Charge Q

The field strength of the uniform field between charged parallel plates in
terms of potential difference and separation.

The figure illustrates parallel plates at a distance d apart with a potentiai difference V between
them. A charge +Q in the uniform field between the plates has a force F aciing on it. To move the
charge towards the positive plate would require work to be done on the charge.

++|+J_-

+Q

other requires work W and is given by W = Fd, where F is force and
what is potential difference.
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(Electric Fields) j
so what is potentia| difference? "

: 4 _ nits of J :'
quantity, it is given its own unit, th OULES.PER COULOMSB, (JC"). As this is an ¥hportant |
points in an electric field such it - "One volt is the potential difference between two l

4 one joule - i -
one point to another. J of work is done in moving one coulomb of charge from |
!

But is the force per unit cha
3¢ and this is the definiti
. nition of electri '
uniform field, the field strength E given by E = v tric field strength. Thus, for a _.

o el

d

We sometimes use an alternate unit for E.

E= \{oltage
distance

_ Volts !
metre

=Vm™

Calculate the forces on charges in uniform electric fields.

Sample problem 1: Calculate E

Two paralle| plates separated by 0.1m have a potential difference A

Field strength between the plates?

_ 100V

0.1m f
=1000Vm

—— |
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Sample problem 2; Calculate E and F

Two metal plates 5.0cm apart have a potential difference of 1000 V between them. Calculate.
(a) The strength of the electric field between plates.

(b) The force on a charge of 5.0 nC between the plates.

Solution :
I.’ 000

(a) E=—E <1000 2.0x10*Vm™
d 0.05

(b) F=EQ,F=2.0x 10*x 5.0 x 10° =1.0 x 10°N
The effect of a uniform electric field on the motion of charged particles
Energy Changes in Electric Fields

Consider the movement of a charge in a uniform electric field;

To lift a charge towards the top (positive) plate we exert an external force; Therefore, Work Done
by external Force is:

W=F,  xd
: . \'
| =EQ.d (since E = E)
| = %xQ xd (sinceE = %)
wW=QVv
5 B
10m
|
K () >
g=+2C g=+4C
E=10N C-
' '~ 5
| @
_' : il
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Electric Ficld
gample problem 3:
calculate the Work done The work done on each charges are :

A B

E=10NC-

10m

NEENE

q=42C q=+aC

w=QEd

W = QEd
=2x10x10 =4x10x10
= 2004 200

sample problem 3 : Calculate V

We define the Work done (in moving charge from one position to another

; : Sy ) per unit charge as the
change in potential or potential difference, V.

gl
q
Taking the data of W from previouis sample problem, calculate V.
+2C Charge, +4C Charge,
2007 y _ 4007
2C - 4C
=100 JC™ =100 JC™
Electron Volt
Work qone when a charge of one electron moves through a potential difference Since W QR\
of 1V is one electron volt (e.V).The equivalent energy is: (\xy
Q=16x 10", X

—
and 1V = 1J C* s~
hence 1ey =1.6x10"Cx1JC" @%

1eV=16x10" %

&
S

e
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Motion in an Electric Field Fin

sample problem)

Consider a positive charge placed in a uniform electric field
Electx Freld

e LR

d the velocity using Equations of Motion (witp

. as shown in the diagram below

1000V

@

0.1m

—

q=10uC
[ m=0.1g
oV

Find the velocity of the charge after it has travelled a distance of 5 cm. Use the following

information:

V

d

e =1x10*¥m™
0.1

=1x10*NC™'

F =QE
=10x10"° x1x10°
=10"'N

------------ 1 wo\'

0]

0.1m

=——]0’m\

v, =0ms™ d=0.05m
vf - v, =2as

‘I.'; =2as ('I'I = Ulmshl )

v, =+2as

v, =y2x10° x0.05

v, =10ms™owardsthe-"ve plate

a=10" ms2

Q=10uC
m=0.1g
ov
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Electric Fields

, Motion in an Electric Field Fj
\  problem) 'nd the velocity using Change In K.E (with sample

n also determine the i i
Ca velocity by using the change in kinetic energy of the particle.

gAY

d

=10000¥m™"

Electric Field
++++++++++**

J:::::::—--——~:= 1000 v

A
0im ; 0.08m Q=10PC
i m=0.1g
B

oV

Tofind the potential difference between A ang B, rearrange the equation

P AT
As
SAV = EAs
S AV =10000Vm™ x 0.05m
LAV =500
Electric Field
PR N R R
A == 1000V
A
& m= ; 0.d5m
i v
g >
' &

g
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mllﬂm_[wn

Now calculate the kinetic energy at point B, If the charge s released at rest,
K.E at B (Gain in K.E) = P.E lost

| ;
Em" = qAl

Vo= M
U m

J.’.x(lﬂxlﬂ 500
10
10ms™ towards the="ve plate

Electric Field
I EEEEEERREE RN
“'_ 1000 v
A Q=10uC
045 m
n I m=0.1g
B
v 1
; ov

The work done by the field on the charge can be calculated easily because it is equal to the gain in
kinetic energy by the charge.

AE, =W =qAV
=107 x500
=5x10"
=5mJ
Electric Field
+ 4+ + 4+ttt
' 1000 v
A
AA
5im 0.45 m Q=10uC
v
B m=0.1g
P
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(Edectric Fichds)

For a charge that enters the Electric Field

v |

/-« Straight line /__ parabola ]

O S — i .
b \ 'wu

Horizontal Component of the velocity (H component)

v, =Vip = Vap horizontal velocity is constant

L

v, == S0 - :;
a= 0 as Av=0 !
Vvertical Component of the velocity (v component)

As it is initially travelling horizontally,

|
vy =0 m/s | N E
Where v,1 is initial vertica! «locity and vy, is final vertical ve |
Now a,= % - 23 |
m oom |
And, v,, =abl !

QE L

— s —

m N\ |
So, Mﬁ%a‘{ij \/\D?vv i

s, Yo S
&
&

&
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The direction of the force in an electric field

Electric Field
+++++ e

-

Directior| of F or] +

4 Dyrectionof Fory-

The direction of the force depends on the charge on the particle.

S = ta
|

Assumptions (just for your info only)

« Ignore fringe effects (i.e. assume that the field is completely uniform).

! « Ignore gravity (the acceleration due to gravity is insignificant compared with the acceleration
caused by the electric field).

e For a charge that enters the field

F = Before entering electric field, the charge follows a straight line path (12 net force).

1 » As soon as it enters the field, the charge begins to follow a parabaiic path (constant force always
in the same direction).

= As soon as it leaves the field, the charge follows a straight line patt: {no net force).
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(Current Electricity)
Current Electricity

W of electricity
Electricity: Net flow of charges in a certain direction
gtatic Electricity: No net fiow of charges in a certain direction
Matter can be classified into 3 types according to their electrical properties:

i i ill
cond ' ' i i [ Jectrons and ions which wi
— Materials which have mobile charge carrers, ma'mry electr O ey can
drift t{ﬁ;ﬁu‘te an electric current under the effect of an applied electnc field. He
gxamples include metals and electrolyte solutions.

i ffect of an
' i i ars that can drift under the € o
_ Materials which have no mobile charge camers i 3 s
::;il:;o;lsectﬁc field. Hence they cannot conduct electricity. Examples include wood
" i i ivity which vary
- iconductors - Materials which have intermediate et.r;,fcm:al conductivity
:ueb“sltalr:ﬁally with temperature. Examples include Germanium, Silicon.

i harged
Show an understanding that electric current is the rate of flow of charg
particles.

p 4 itively charged nucleus
i de up of tir.; particles called atoms, each consistiog szegﬁilb:rit)s’ callegd coulombs
All matte;tl; ﬂl;a cﬁarge p gsértrons moving around it. Charﬁe Iionr:-gahave equal number of positive
with negative e 10~ C. Normally a al . o
lectron is 1.6 X ; me atoms, it is relatively easy
(C). The charge on an € . overall charge is zero. For so oms, This is called
s negativel dc?rge;tai?ng‘gtntgzzn with an unbalanced number of positive charges.
remove an electron,
ftive i : free
positive on. - are not held tightly to the nucleus. These frex
: r more electrons whic en a battery (or source) is
loms IR TRABP €05 onedor at random throughout the et St :;h the positive terminal of the
{puemathe el el wag E:)f the metal, the free electrons drift towards the pos
connected across the ends ;

i f.

ucing an electrnc curren _ _ _

battery (or sourctle) Dr?dcu":m is given by the rate of flow of charge and is measured in units ca(kg
The size of the electric

L i
that 3 coulombs pass a point in
with bol f 3 amperes means . .
it A‘ngscirrgt:lc::harge of 15 coulombs will have passed the point
every second. In 5 seconads,

Charge is quantised

i i icles, it must come in amounts which
B e T & ;g_ggcm;dp%gg{; because this is +2e, but i.s 3
So, for exa-mple, 32x teger multiple of e. We say that ch?rghe 1531 s
s i qot osh m:tg which are integers multiples of t 22 :
can 9""" come ) amon.:m“ know that ions have charges pfh:e, : ,
e n Chem'Stffy'nycrﬂc:rlnental particles called quarks, th:t:a Va ,
ﬂ\en_cc?Se ofdzh:s ;rotons and neutrons aré matg::‘ ‘i!l-'lhe??eco B¢
glawaly:sa;:ear in twos or threes in such a way

qultiples of e.
is impossible,
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(Current Electricyry)

An equation for current
of electric current. There are large numberg .

Copper, silver and gold are good conductors . lectrons as there are af
: : ire- as many conduction elé . oms. Thy

mm: electrons in a cop;;e;ev:ltr;‘-ﬁ volumey(e-g- in 1 m’ of ”}E n]?tal) is called the numpg

density and has the symbol n. For copper, the value of n is about 107m =

with cross-sectional area A, along which there is a current |

e 3 oA following equation allows us to answer this question;

How fast do the electrons have to travel? The
I= nAvg

Here, v is called the mean drift velocity of the electrons and g is the charge of each partigle
camying the current. Since these arc usually electrons, we can replace g by e, where e is the
elementary charge. The equation then becomes:

| = nAve

cross-sectional area A

wire (length /)

electrons

current |

Figure 8.9 A current [ in a wire of cross-sectional area A. The
charge carriers are mobile conduction electrons with mean
drift velocity v.

Deriving / = nAve

Look at the wire shown in Figure 9.9. Its length is |. We imagine that all of the electrons shown
travel at the same speed v along the wire.

Now imagine that you are fiming the electrons to determine their speed. You start timing when the
first electron emerges fl’qm the right-hand end of the wire. You stop timing when the last of the
electrons shown in the diagram emerges. (This is the electron shown at the Ieft hand end of the
wire in the diagram.) Your timer shows that this electron has taken time f to trave the distance /.

hmm' ho,t;, all of the electrons in the length / of wire hav ,
is i € emergeg . We can
many electrons this is, and hence the charge that has ﬂo hg o

I=nxAx|xesn
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(Carrest Elestricitv)
varl!tgiws

| = nAve

ing charge camers that make up a current are not always electrons. They might, for
Tﬂmmm(mamgam)mmmsamma&

meﬂﬂeammﬂmdthemas
| = nAvq
example 3 shows how to use this equation to calculate a typical value of v.
mRKEDEXAHPLE
Swmmmnmmdmmhammdmmlm .
- 10% mi* canying a current of 1.0 A. The electron number density for copper is 8.5 x 107
stept Rearrange the equation | = nAve to make v the subject:
|

vV ——
nAe
step 2 Substitute values and calculate v
_ 1.0
V= 85x10° x50x10° x16x10°
=147x10°ms”
=0.015mms™

Slow flow -
3, electrons In a
' ng it ested by the result of Worked example 3,
Itc:::.ppemy su.l_rpnsrliaﬁyotu t?r::j;-*:ﬂ«: fit.aaniiﬁiuni!gm per s)t;cond. To understand this result m!lwtneri(é vtz
r:l\::eaetyl.r W“-er:c'jlims:ahcaaa'u'v ere;c_:ro;s behave in a metal. The conduction electroxlt'ls arle owerosupply
gxz? tal. When the wire is connected to a battery or an € ernal p t o ths"
around inside the melal. « tal experiences an electrical force that causes it to move towa T
- dn mhlnb;:teer? eTr;e electrons randomly collide with the fixed but vibrating metal ions.
positive end of the :

' i j it to have adgft
i s < but its haphazard journey causes it to %
W"isipnst . orfdm?hce)r%%rsi?ifvs Z%Toﬁ;oba?;ry. Since there are billions of electrons, we dse
velocity towards
term mean drift velocity v of the electrons. @\B\\p

ift velocity of
Figure 9.10 shows how the mean drift ve o ‘
electrons varies in different situations. We can understand this using the equahol@é
|

M= =

nAe %
i i tis:
If the current increases, the drift velocity v must increase. Tha 5\’%
vl

electrons move more quickly for a giv nt. That is:
1
vy EC%

If the wire is thinner, the

03364864345
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i i i individual electron must
There r electrons in a thinner piece of wire, so an i ‘ oy
quickly?ﬁ ;arn‘;teﬁal with a lower density of electrons (smaller n), the mean drift VEIOCHY iy pep be
greater for a given current.

Figure .10 The mean drift velocity of slectrans depends on
the current, the cross-sect | ares and the ol Oengy
of the material

It may help you to picture how the drift velocity of electrons changes by thinking about the flow of
water in a river. For a high rate of flow, the water moves fast - this corresponds to a greater
current I. If the course of the river narrows, it speeds up - this corresponds to a smaller cross
sectional area A. Metals have a high electron number density — typicaliy of the order of 10% or
10%m 2 Semiconductors, such as silicon and germanium, have nncr lower values of n perhaps
1023m\Ina semiconductor, electron mean drift velocities are typic.ail; o million times greater than
those in metals for the same current. Electrical insulators, such s rubber and plastic, have very
few conduction electrons per unit volume to act as charge carriers,

Electric current
Electric current is the rate of flow of electric charge. Mathematically, | = -?— where | is the electric

current (unit: ampere, symbol: A); Q is the electric charge (unit: coulomb, symbol: C); t is the time

taken (unit: second, symbol: s)
Charge & Coulomb

From the definition of electric current | = -? we obtain, Q = It. Electric

section of a circuit is the product of the electri

Q=1 substituting in units we obtain the foll
1C=(1A)(1 s)=1As

C current and the time that i
owing :
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{Current Electricity)
solve problems using the equation Q = ¢
gxample 1
Given that the electric current flowing through & cire it ; :
which passes each section of the circuit overga ti?n :ll';ueﬂolz .0.76 mA, calculate the electric charge
Solution:

[@=H

Q= (0.76 x 10°)(60) = 0.0456 = 4.56 x 102C

Solve problems using the equation Q = It
Example 2

Over a time of 8.0 s, the electric current flowing through a circuit component is reduced uniformly
from 60 mA to 20 mA. Calculate tlhe charge that flows during this time.

Solution

Charge = area under current — time graph

= %(B.O) (60 + 20)(10%) = 0,32 C

tmA
BN,
\\
\
5
o 1
\\
20 |--ensemenne -y g
s
0 80

Resistance and Ohm

is directly proportional to the poteqtial
{ he current through the conductor is direct : A
?;r:-zniwbztﬁz:;hﬁtstends provided its temperature and other physical conditions qem

constant. @

Mathematically @
: %
T

lcV=>V=RI=>R=

' i in the equation is the ele_ctricai resisjcance .
gt i constantdF;r steady physical conditions. Materials

called ohmic conductors. Resistance of a conductor is defined a

difference across it to the current flowing through it. @

From R =Y 1q =1V A" defines the ohm.
l )

The ohm is the resistance of a conductor if a current mpere flows through when there is a

potential difference of one volt across it.
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(Current Electrigyy)

Solve problems using P = VI, P = I'R, V= IR

Example 5
A 12 V 24 W bulb is connected in series
internal resistance. The variable resistor is adjusted

Determine

(i) the current in the bulb

(i) the resistance of the bulb

(iii) the p.d. across the variable resistor:

(iv) the power dissipation in the variable resistor.

ith a variable resistor and & 18 V battery of negjigip
o until the bulb operates at its normal rating

Solution:
(i) P=wV
24 = (12)I
1=20A
(ii) V=IR
12=(2.0)R
R=6.0Q

(ili) P.d across variable resistor=18-12=6.0V

(iv) P=VI=(6.02.0)=12W
Resistance & Resistivity
The resistance R of a sample is directly proportional to its length | and inversely proportional to its
cross-sectional area A
I

Ro —
“a
The relationship could be expressed as an algebraic equation ©y toducing a constant of
proportionality as follows:
R=P
A
The constant p is now recognised as a property of the material and is call i’ty{ysﬁvﬂyﬂma
_RA walh
: .
D-_/
where p is the resistivity of the material, in O m /\ / y
- \ f'/_
R is the resistance of the sample, in ohms () \ =2/
A is the cross-section area of the sample, in m? NN .

NN
| is the length of the sample. in metres (m) N\ /_ﬂ’J/
Resistnity i useful when comparing various materials on their ability to. coriduct (dleciicity A NP
mmawdmmﬂhamm,Abwresz'ﬂ sample of
the malenial is 3 good conducior. //7

—
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(Current Electricity)

vity

: efined as th i
ol e , © e.lectnca1 prOperngf a material that determines the resistance of a
. of given dimensions. ltisequaltop= _l_ where R is the resistance, A the cross-sectional
the length, and is th i -
| ;"0‘:‘1 bYI the symgbOI p. e reciprocal of conductivity. It is measured in ohm metres. It i

| : L
R= P
golve problems using y

E”mple 6

resistivity of @ material is 3.1 x 10-5Q m. Determine the resistance of @ sample of the
ven that its length is 20 cm and its cross-section area is 2.0 mm?”.

material

solution:

o (31% 10°)(0:20)_, 10y
R.': — 2 =

A (2.0)(0.001)

potential difference and Volt
ifference between two points in @ circuit is defined

in terms of energy: The potential d :
ergy converted to other forms of energy per unit charge passing .bewqen_ ‘

d in terms of power The p.d. between two points In 8 circuit is
of electrical energy to other forms of energy per unit current

Defining p-d
a5 the electrical en
two points. Alternatively, defining p
defined as the rate of cornession

flowing between the two poir:is.
In terms of energy:
: _ energy converted
potentail difference (p-d) Sharge
hence V = W orw =QV
Q
in terms of power:
_ power converted
Potential difference (pd.) = -———-—--“‘"’""'Current \

henceV=$—orP==VI @V
Where V is thé pd,in volts (V) ) C %

W is the energy conv A _ @

Q is the electric charge moved N coloumbs (C) @

pis the power converted, in watts (W)

1 isthe electric current flowing: in amperes ($

since V = IR from leamning outcome (N, E=

W = - defines the volt s of energy)

o s, N 1JC' ce

From V a @

S
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The voll s s i Gif Emmpmtsinadrcuitifonejouleofalactﬁcalene _
i1 'Dtlhl'ﬁ of Erg,‘.mnmcwunbofd'sargepassesbetweenthetwOpoinrgy's

Alermatively, from P = VI, 1 V=1 W A" defines the volt (in terms of power).

Thevulshepolerﬁmmeenmmi\tsinacimunifmewanofelectrica| ‘l
mnmmdmuntmmmpemofcmem passes between thetwo;;opimsow." s

Note:
Since the uni for p.d. is volt. p.d. is frequently called voltage.

The p.d. can only be used if the two points are stated clearly. For a single circuit component, the
two points are usually the two ends of the component hence the p.d. across the component.

Sometimes the term “potential at a point™ in a circuit is used, This has meaning only if there s 5
defined reference point for zero potential e.g. the electrical earth has zero potential.

Just for your info: The real Earth is electrically neutral. This means that it has the same number
of electrons and protons, so their charges cancel out overall. Scientifically, we describe this by
saying that the Earth has an Electric Potential of zero.

Sohfepmblemsusingv=%

Example 4
An immersion heater is rated at 3000 W and is switched on for 2000 s. During this time a charge of
25 kC is supplied to the heater. Determine the potential difference across the heater.

Solution:

Sketch and explain the |-V characteristics of a metallic conductor at constant
temperature, a semiconductor diode and a filament lamp.

etaniicmperatine

The I-V characteristic of a metallic conductor at constant tef
origin. This implies constant t-V ratio, i.e. constant resistance
constant temperature is an ohmic conductor. In terms of the
resistance in metallic conductors arises from the reduction in the di{
1o collision with lattice ions. If the temperature of the conductor is ke
vibrations will remain the same hence its resistance will remain the_¢
resistance of a metallic conductor is constant at constant temperature (ohmi

I By Jabran Ali Kamran 170

B A
+92 336 7801123 Scanned by CamScanner



e For Live Classes, Recorded Lectures, Notes & Past Papers visit: -
www.megalecture.com |

(Current Electricity)

T —

u ..ﬁh’ﬂl\i““ ol Alivile

a

v lrwand
hinssd
y

0
i‘
woak
\ down

A diode 8 & device thal has a low reslslance
high realslance In the olher dired
torwaid-blaaed semi
pd InCreases

| In one direction (forward-biased direction) and a very
‘ lon (reverse-hlased direction). The | - V characteristic of a
onducton diode 1s similar to that of a thermistor, |.e. resistance decreases as

_—

The | - V ulm;nnlul-ln\lu of & reverse-biased semiconductor diode is nearly zero If reverse-biased
P d e oo high, the diode will break down and conduct electricity

3) Fllament lamp

Increasing resistance
Tdue 10 ncreasing
Iemparature

w

Contvalan! resielai v

\ " <
|
l.

L3

T

A fllament lamp containe a long thin wire mado of metal with high melling point (eg. tungsten). With
r low p.d. across the fllament lamp, low current floweng trcugh It and the heating effect is
Inaignificant hence the resistance Is talrly constant. As the pd acioss a filament lamp increases,
ourrent Increases. | leating effect s significant resulting in temperature increase. The resistance of
metals inoreares with lemperature, Flerce, decrensing IV gradient In terms of the movement of
charge carriers, the lattice lon vibrations will be more at higher temperature. There will be more
reduction in the drift velocity of electrons due 1o collision with lattice lons hence current will be
lower and resistance will be higher,

In short, the resistance of a fllament lamp Increases as the p.d applied across it increase&

E.M.F In terms of the energy transferred by a source in driving unit
E round a complete circult

Movement of charge carrlers |s possible only If they possess energy and ar
their energy. Sources like batlerles and generators provide the energy
Avallable path(s) for charge carrlers lo dissipate thelr energy cause th ment. Defining in
terma of energy: The electromolive force (e mf.) of a source Is define ‘non-electrical energy
convenad 1o electrical energy per unit charge driven through the sour ing in terms of power:

The electromotive force (e.m.{) of a source |s deflned as the
eloctrical power per unit current dellvered by the source. T
potential difference, |.e. the volt, (Recall that 1V =1JC1

S
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P
Mathematically E = -\g—orE= T

where E is the e.m.f. of the source, in volts (V)
W is the energy converted, in joules (J)
Q is the electric charge moved, in coulombs (C)
P is the power converted, in watts (W)
| is the electric current delivered, in amperes {A)

Examples include:

i i through chemical reactions. |n
ttery, chemical energy converted to electrical energy ; LE
’gnenaerz?or %echanical ener;g; {in the form of rotational kinetic energy) is converted to electricy

energy ] .
Distinguish between e.m.f. and p.d. in terms of energy considerations

The electromotive force (e.m.f.) of a source is defined using the non—glecf:rlca;fenergy converted to
electrical energy while the potential difference (p.d.) between two pomt;s is d tamed I.cl:Ing electrical
energy converted to non-electrical energy. The effects of the |nterr_1a resistance of a source of
e.mf. on the terminal potential difference and output power In practice, no energy souce (battery
or generator) perfect. Some of the electrical energy delivered by a source is alway§ dissipated
within itself. The source is said to have internal resistance. When the external_load is large, the
internal resistance has negligible effect. When the external load is not large, the internal resistance
can be depicted as a series resistor within the source as shown in the diagram in next slide.

The energy delivered by the source is then shared between its internal resistance and external
load,

i.e. energy supplied = energy dissipated (external + internal)

Elt= PRt + I°rt
E=IR+Ir
E=I(R+Tr)
The terminal p.d. is the potential difference across the source. It is\equivatert to the potentia

difference across the external circuit. Hence terminal p.d. is V- IR -E - |

where V\s the terminal p.d., in volts (V) E is the e.m f. of the
current delivered, in amperes (A) R is the resistance of the
internal resistance of the source, in ohms (Q)

uit, the termina} R
source is reduced by the amount Ir. When the current | through th se is zero (sYfh

the external circuit is open) then terminal p.d. 1/ will be equal to the e f E
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tively, viewing in terms of power, the power dellvered by the source |8 shared between its
internal resistance and external load, |.e power supplied = power dissipated (external + internal).

PE = PR+ Pl‘
El= 1R+’

wer dissipated internally (Pr = I’r) is wasted In heating up the energy source Only the power
that is dissipated externally (PR = I’R) is available to the external circult 80 the efficiency of the

source is always below 100%

show an understanding of the effects of the Internal resistance O
e.m.f. on the terminal potential difference and output power.

A . R—p—

f a source of

Example 7
A battery of em.f. 12 V and internal resistance 0.014 Q delive
connected to a motor. Calculate the resistance of the motor.

s a20A current when first

A P It e

Solution:
E=I(R+n)= 12=2‘0(R+0.014)=R=5.999

D
©
£

T — T ————
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D.C Circuits
Types of electricity
Current Electricity: Net flow of charges in a certain direction
Types of electric current
Direct Current (D.C.):

Flow of charges in the circuit is in the same direction all the time, from a higher i
/ ; potential to a jowe
potential (e g. current from battery) § 2110 2 lower

Alternating Current;

Flow of charges in the circuit reverses direction at regular intervals (e.g. [ Note :

current from household mains) Electric circuits consist of circuit This chapter includ
components (e g batteries, resistors, and switches) connected by | enly D.C. In AS *
conductors (e.g. copper cables). For electric current to flow, the circuit sylrabL;s A C is not
components and conductors must form closed loops. There must also be included.

Sources of electrical energy (e.g batteries) and sinks of electrical ener
o -9 gy
among the circuit components (e.g. resistors and lamps).

Electrical Circuit Symbols
Circuit symbols:

Eleclr?cal circuits use a lot of components and when circuits are drawn
following are the standered symbols used in circuits:-

their symbols are used the

—0 00— —0-0—

A - -
= =0

fesmior (LDR) @ é
dcte 9
Figure : Symbols of common circuit elements >
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(DC Circuits)

w and interpret circult diagrams containing sources, switches, resistors,
gmmeters, voltmeters, and/or any other type of component

Note that, for & certain electric circult, there are different ways of drawing lts circuit diagram

Actual circuit Circuit diagram _

Two other possible circuit diagrams for the above elactric circuit are as
follows:

Example 1: Draw the circuit diagram for the electrical circuit below |

IFM

<
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AR
COMBINATION OF RESISTORS- RESISTANCE IN SERIES AND PARALLEL

Resistors connected in Series |dea' baﬁery (no internal resistanCe)

i ted in series to an _
gﬁ:ﬁé&bﬁc’sﬁﬁs&o xz:n;etst:setor;i:grze:w wired one after the other and the potential difference
V is applied across the ends of the whole series.

R: RJ

of A

o Aa

3

-1 =

' : < ; the resistors is the same but voltag'e is not
Figure Resistors in series-Note the current throu%:ea:edes the current through all the resistors is

h otential difference V is applied across s the cum
;:ree:arang, t?utlthe potential difference across each resistor is different and the sum of these

individual
Potential Difference is equal to the applied potential difference V
V1= IRy
Vo= IRz
V3=IRs
V=V, +Vz:+ V3
V=IRy+IR; + IR;
V= |(R1 + Ry + R3)
v Re= Ry + R, #R,

I 3 3 =
Hence the equivalent resistance of a series combination is given by:

R =R+ R* Ry
In general if there are n resistors connected in series then

IN SERIES
The resistors connected in series can be replaced by an equivalent resis
Req has the same current] as the individual resistors

Two resistors are said to be connected series if current cz
without branching

| By Jabran Ali Kamran 176 03364864345
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Resistors connected in Parallel

ﬁgurebelo“fshowse.remt' mmnedwinwswhﬂmwfmm{m;
The 94 inparallelmeanslheresislorsarewireddirocoylogwwoncrumnt'uv!r wd
bgemeronmeomersideandapotentia!\fapphed' across the connecied wies V:‘-:.“vﬂu
connededinpamlleianmﬂsmmmewmmmgmv“m:“’“‘Jm‘
the current branches out into the P.D, is same but current is not). The total Curmert ¥
is the sum of the individual currents hence

I=1L 41+l
N ¥ VY
R, R R, R
( 1
l:\[ij_-r-_!_&__-i
R«: R' R’; R’cl
Cancelling V we get
¥
B TP 5 [ P
Ra: R" Rf{ R%;‘
In general if there are n resistors connected in paraliel then:
1 (1. 1,1 1
= e — A —..
R. 'R R, R, Ry
RI’
7,
| ‘ -
I, i*fj
.__?_.1______"___’;—-—-
14 . ,
| SN/
| e e
) SON
e
/;&\:/
' same for all 3
Fi ummtharwmwmmummm%; b
registors P ,/
<
IN PARALLEL |
TheresistorsconnededinParalblcanbereplaoedbym resisior Ry, R, has the

samewrrernVasmemwidualresislomFormms NG allel current in each of them
is different but the voltage is the same- (;::_
9"

i 177 03364864345
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Solve problems using the formuls for the combined resistance of twe or mey,

resistors in series,
Exampie 4

Calculate the eftective resistance of a 4 () aned 1w
Belutien;

R =4 + (2)(3)=1001

Bolve problems using the formules
resistors In parallel,

Example b
Caloulste the effective resislance ofa?20,830anda 4 () resislof (

Solution;
Ly, 1;“"“:’.51:'
R, 2 4 4 12 12
R,, = 008030
Why the current Is the same In all serles resistances? And why the voltage Is
the same In all parallel resistors?

1) In & series circult of resistors, the same current flows theongh all the | Note

resislors, howsever potenlial gels divided according 1o Individual roeislance Iheoretically,  for

values. Because according fo Ohm's law V = | K, and here since i same, rnnlhlr;rntlhuil hnvﬁ

and V & directly proportional to R Hance the potential will b difforant _
aoual  resislance,

across different resislors hey have same V |
2) In the case of parallel combination of resistors, the same poletial wil
exist BCross every resisior, bul now current gets divided In the Inverso ratio of resistance values.

(I=V/R)this e also In accordance with Ohm's law.

Conservation of charge:

The net charge of Bn isolated system remains constant, Charge cannot be crented and destroyed
but only In positive-negative pairs, It Is not possible to destroy or create charge, * You can cancel
out the effect of a charge for neutralize the charge on the body) on a body by

4 (1 (e8Intore GONNBOBE I baflas

for the combined resistance of two or mory

wonnaocted n parallel

adding an equal and opposite charge to It, but you can't destroy the charg llanIV
The following example makes this clear ( _
If w glass rod Is rubbed with » silk cloth, due to friction the glass gets chir d posltively znd o ik

Negatively The charging Is basically due to the transfer of negative ghar n(\nllg‘ b) frpm tp'
glass to the sllk. This experimant suggests that \f? (€ )
)
e Charge Is transferred but not created or destroyed \) I .
e The total charge on the Glass sllk cloth & . 3 soforg Wabind
I e e, ystem remaind{he same he zero be ”U E?\
©
)
N
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(D.C Circuits)

gustav Kirchhoff's Junction Rule & Loop Rule The Junction rule And The

Loop rule |

W' First Law v
s First Law: At any junction in a circut, the sum of the currents arriving at the junction is '

equal to the sum of the currents leaving the junction. This is also known as ‘junction rule’.

charges that enter a given point in a circuit must leave that point because charge cannot build
up (accumulate) at a point. If this does not happen then charges are getting accumulated at a point
or charges are created from nowhere both of which don't happen, In other words - charge I8

conserved.
The sum of currents meeting at a Junction

w,
N

Figure : Current [y splits mnto Is and I3

If we apply this rule to the junction shown in Figure below , we obtain
I = I+ Iy

The law can also be stated as:=The algebraic sum of currents meeting at a junction is

ero.

SIGN CONVENTION USED: Currents entering a Junction are taken as positive and currents
leaving a junction is taken as negative.

. S
Example- Consider a junction O in an electrical circuit as show below:- Here the currents

I k @@

l @

&
o)

e 03364864345
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(D.C Cirepity)

positive and currents leaving a junction is take,

l, and | leave the junction hence I, I, are
the junction. Applying the sign convenio,

Figure: Currents entering a Junction are taken s

as negative. is are entering the junction O whereas l2,
positive and 1%, l.andlsamnagauveasmeareleawng
we get

ly#ls=lp=la=15=0

Or
i+ ls=latlatls
Conservation of charge (must know in order to solve circuit problems)

f charge at circuit junctions),
Given dealing teady currents (i.e. No accumulation o
the srmm a-nta-l;i:] csuuntfunctron is equal to the sum of currents leaving it.

hth=li+l+ls

Taking currents entering circuit junction as positive and currents leaving circuit junction as
negative, we have:

|1+|2—|3—|4—[5=0

Taking currents leaving circuit junction as positive and currents entering circuit junction as

negative, we have:

[3""4""5—[1—]2:0

Sample problem 1

The given diagrams show wires carrying currents I I 13, and l,, meeting at a junction. Which of the
following dhgrarvsrepmsemsﬂweequabon I+ =1+ 147

A
b
LX L h
L L
h h
h+bh+L+v=k h+h+h=1I hth=h+ Impossibie, all >
(correct answer) cumrents are entering

and no current
leaving.
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(D.C Clrcuits)

conservation of energy (must know in order to solve circuit problems)
The algebraic sum of e.m.f. (i.e. sources of electrical braic sum of p.d.
(i.e. sinks of energy) for any closed loop within the circ:;?m) R .

sample problem 2

E it Fmnd |, and f; in terms of £,. £y, Ry, R; and Ry

R[] Y. cem

h
E=30V
! R’ E;=1.5V
Ez__ Rz Ri=R:=R=10Q
T T find the values of I, and I
Solution
Consarvabon of enecrgy for the loop Ey+Es = hRy + 4Ry = (R, + Rz)
EI ‘E|¢E;
"R +Ry
E]
Conservation of energy for the loop. E+E =I.R
E, ! . JExE
1 = "
BT

Substituting E: =30V, E:=15Vand Ry = R =R>= 101L
' H=023Aand h=045A

Kirchhoff's Second Law

The algebraic sum of e.m.f is equal to the algebraic sum p.d for any closed loop within the cirguit.
This is also known as ‘Loop rule'.

Conservation of Energy and the Kirchhoff's Second Law @y

Let us imagine moving a charge around a closed loop of a circuit. When the cha!'ge 78

starting point, the charge circuit system must have the same total energy as it hag-t
charge was moved. The sum of the increases in energy as th_e charge passes th -
elements must equal the sum of the decreases in energy as it passes throu gies elements. The
potential energy decreases whenever the charge moves through a pojentidi(drop -IR across a
resistor or whenever it moves in the reverse direction through a s .mf. Thg potential
energy increases whenever the charge passes through a battery frol ative terminal to the

positive terminal. @y@
S
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Rules for applying Kirchhoff's Laws for solving problems

The solution is carried out with
ssumed sense of direction. ‘  With the
E:s?;z as:nlsaeb:‘fegir:nc:o:\hean% if the actual direction of & 5arti:iuI:r current is opposite to he
assumed direction the value of current will emerge with a negative sign.

Choose any closed loop in the given network and desilgnﬂte a direction (clockwise o
antidockwisg) to traverse the loop for applying the Kirchhoff's Il law.

Go around the loop in the designated direction algebraically adding the potential differences acrogg
the resistors (IR Terms) and the source (cells) emfs.

SIGNS: - )
i t enters a resistor is positive) then
istor i itive first (the end at which the curren | ) the
:fha Tsligmsi;mt\;ir::d azoliegative, (similarly for an emf source (say bat;e.ry)I if t‘he ;fOSlhge is
enecountered first then the emf is taken as negative. In order to so::z ?u T:s g:uuzrlscrtr':::|n Sr:;obek:n;f
the number of independent equations you need to obtain from the q
unknown currents.

Sample problem 3

Find the currents |y, I, and 3 in the circuit shown in Figure 4 below.
140V

...__,*_h__—__«f
<

AA
Yy
oy
[—]
! e
e
&

b v—ll 2 —h X3
0ov 909 lI«
e ‘v‘v‘r d
200

Figure 4: Example Problem

Arbitrarily choose the directions of the currents as labeled in Figure 4 Applying
rule to junction ¢ gives

We now have one equation with three unknowns, |y, .. and 1;. There are

irchhoff's junction

10.0 V - (6.09) Iy - (2.0Q)K
For the closed loop befcb
-14,0V + (6.0Q) I, — 10.0 V - (4.0Q)I

(6.00) I, - (4.0Q)l, = 24.0 V

182

Which gives
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(D.C Circuits)

gpsﬁhlﬁ"'g into Equation |, + |, = |5 in the equation (2) we get
100V-(6.0Q)1,-(20Q) (I, +1;)=0

solving equations (3) and (4) we get
L=20A
I,=-3.0A
Ib=-10A

To finalize the problem, note that /3 and I3 are both negative. This indicates only that the currents
are opposite the direction we chose for them. However, the numerical values are correct .

The potential divider circuit (fig.) is one of the most useful circuits. The potential divider o
arrangement can be used to divide the input voltage(Vs) in the ratio that we want. The circuit
diagram for a potential divider arrangement is shown below:

For a potential divider the current through each resistor is the same (why?they are in series,
hence).

0
O— 12
Vs
!
AT

Figure: A potential Divider circuit

The current in the circuit can be found by using the Ohms law and remembering that the total
resistance in the circuit is Ry + Rz we ge
= Ve \
R, +R,

The voltage across the resistot R1 is given by: @
Vi = IRy @
using (9) we get @

R, +R, \
Similarly, the voltage across the resistor Rz is given by: §
V2 = IRz @
using (9) we get g@%f
V, =IR; = R
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D ircuj

The ratio V4 to V2 can be found as:
ViR
vV, R;

Application of Potential Divider Circuits:

Temperature Sensor _ )
A common example of a sensing system is a temperaturg sensor In a thenng:t?rt{ewthuch uses a
thermistor (A thermistor is a kind of resistor whose resistance deqfei:t':‘;ersl e T Zmpe{atup
increases-it is generally made of semiconductors). The the_rmis_tor is the et mfo ential
divider, as in the diagram in fig.8. In this diagram, the potential d:fferer;tt:ﬁ Iihe:\r(r:'niztor ?:le een the
resistor and the thermistor. As the temperature rises, the resetsr::tn%% ic;ntia? difference ac?ézzs;i:

so the potential difference across it decreases. Thi_s means |
resistor increases as temperature increases. This IS why the voltage Is measured across the

resistor, not the thermistor. As the source voltage and R are known using the graph below fig.9 the
temperature can be found.

Resntarce i)
(mrers )

1w N W o 50 [ 4
Tempesgtion { crinas)

Figure 9: Temperature Vs resistance for a thermistor

Light Dependent Resistors: Light-dependent resistors [LD
response to changes in light levels, as detected by a photo-
LDRs have a negative light coefficient - meaning that their res; nceMalls as the am ight
falling on them increases. LDRs are used in light-detection circuits, as wn in the figur below
using the same technique as in the measurement of temperature e intensi can be
measured with the circuit shown below.

have a resistahce
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Fiaed resistor and LDR in senes

Fined i
resistor 1
(rR1)

weltoge ;
Q i (vin)
Required §
LOR eutput .
®D veliege i
(Voul)
A

k

Figure 10: LDR used in a potential divider
Potentiometer

(D.C Circuits)

ivi i rm of the
A variable vo ivi i . i ltage divider is another fo ;
tage-divider potentiometer): A variable vo . :
potentia!ldividelr arrangerne(nl it is aiso called the potentiometer. Consider a long piece of high

resistance wire AB connected ic & nettery as shown below:-

Between A and J a voltmeter =
moved

~ennecied The point J s a movable contact as the point j is

N

gkt i increases.hence va;ig the
Figure 11: A variable voltage potential divider the potential drop incre %mf 2 e

length of AJ the potential can bo varied. Let be the resistivity of the wire AB and |

battery,let lo be the length of wire AB and let | be the length AJ then

E=IR=IEl-

=120

v=|R,,-|;f @
S

Dividing the above two equation we get

&

The drop V across the length AJ whose resistance is Ry is given by §
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Principle of Potentiometer

POTENTIOMETER:

. ; ng uniform wire usuglly made of manganin o
Construction: The potentiometer oonsnstsﬁo;far;;stgance) The ends of the wire are connecteq 1,

constantan (high Resistivity low temp coe .
binding scre(wlsgA and B. gy meter scgle is fixed on the board .The potentiometer has jockey J wit
h the potentiometer wire.

the help of which contact can be made wit ' e
: i ortion of the wire is directly proportional to the length of
Principle: The fall of potential across any p form and the current constant. If | is the constan

that portion, if the area of cross section is uni ; ;
current through the potentiometer wire and if R is the resistance between the wire between A and |

Then:
. Note :
V=IR This equation is going to be

used for next application.

v=1£]
A
v
[ ]l A
|
Theswrr nell
i
A —“1,._ B
<
H-@—
V=gl

Where ¢=1 -i—, and ¢ is called the potential gradient.
Hence the potential drop across the length of the potentiometer Note : |
wire is directly pro-portional to the length. This is the principle of The above equation is used
the potentiometer. for next application.

Potentiometer and its application

Comparison of EMF: The potentiometer can used to compare the emf of two gells with the help of
the circuit diagram shown below. Let the emF’s of the cells to be compargdl ba, €, and to let the
driver cell potential be V. The cells are connected to the potentiometer thrgugh a'two way key. First

the key
I L)
Daveredl
1
; ; ¢ y-Note: N
_ﬁ___ alvanometer is cO
€ ,
- A\
H
@
e
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in the two way key such that the cell with emf £ is connected to the circuit.The jockey(movable
E:‘"ﬂd) is moved along the wire till at a point there is no delection in the galvanometer , ata

m I4 from A
he EMF of the cell is proportional to the balancing length

- ; :)o'ﬁ{e Driver cell potential should always be
b the second ceflis connected greater than the potential of the cells whose

=od 551:;50?1: SG‘;EF;?;??S; accuratgly known the
dividing the equations other cells emf can be determined.

e! s !‘i

e L
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Particle and Nuclear Physics

The results of the a-particle scattering experiment & the existence and small size of the nucleys

Rutherford Alpha Particle Scattering Experiment
ment changed the way we think of atoms. Before the

rd's alpha particle scattering experi . Sk
Efggggznt mepbestp:'rodel of the atom was known as the Thcr?so.n or P'UI'_I'I pt'l'ddmg umc_?de_l. The
atom was believed to consist of a positive material "pudding” with negative "plums” distribyteq

throughout.

aRtL;therford directed be_qms of alpha particles (which are theSquclei of
ms and hence positively charged) at thin gold foil to test thi 3
noted how the alpha particles scattered from the foil.

By Jabran Alj Kamran
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guthefford made 3 observations:

¢t of the fast, highly charged alpha particles went whizzing straight through un—deﬂected.o;l'ti:]lz
M\.,;s ihe expected result for all of the particles if the plum pudding model was correct. SOome

I
glpha particles were deflected back through large angles. This was not expected. A very sma

qumber of alpha particles were deflected backwards! This was definitely not as expected.
To explain these results a new model of the atom was needed.

[ i mass - not size)
this model the positive material is concentrated in a small but masswed(iﬁ'.teo;umide Bhiabieom.
In this lled the nucleus. The negative particles (electrons) must be aroun e diagram In e
rﬁgma?ocr:g ferorn trespassing on its neighbours space to _compiete this model.
tssli?‘.ie will help you to understand the results of the experiment.

N
kb e ey FRIALS (B

&3
A

S
A) Alpha particles this far from the nucleus experience little or no deflection as they are not %
:r;o::lt:ﬂt;:T):Z:L:;oj:itlilvzen:?;::i deflected as they are closer to the nucleus, so YORWIRSEE

some scattering

03364864345
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C) This close to the nucleus, the alpha experlences a large deflection, so they are scattor
through large angles.

D) The alpha particle has a head on collision with the nucleus so it bounces straight back.

’b — nucloar redis (b)
' )

* positive nucleus

describe a simple model far the nuclear atom to include protons, nenfrons

nnd arbital electrons

]
lael Jerty

-ve Electron Cloud

o 4ae Protons
. / _ Neufrons
, (S
‘e
!’ ;
|
{
|
\ |
| Nuclens
| |
i_= __Iirl"...— —
= Protons Neutrons
[ Relative Mass 1 1
Charge +1 ) Neutral
__-’45/
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AtomsS contain 3 types of particles: protons, neutrons and electrons.

Itis important to understand that the picture above is model of the atom. It

of what the atom is like, but is not a completely true representation.

As an example of this consider the relative sizes
that a typical nuclear diameter is 1 X 10 ™ m whi
the nucleus is around 10, 000 times smaller t
atom by placing a pea on the center spot of a football st
placing the electrons somewhere out in the stands. The picture above certain

of the nucleus and whole
le the typical atomi

fact accurately! Molecules are simply combination of 1 or more atoms so are

atoms themselves.

Each of these particles has = mass and a charge.

Table of masses
and charges

Neutron

Electron

It is possible to simplify this information by looking for patter

Firstly, notice that the electron and proton h
called the elementary charge (€ = 1.6
masses of proton, neutron and electron fo b€
masses of the three particles can therefore simp

Table of Relative
masses and
charges

Many different atoms can be built using

Electon |__0___Le>
@/
are high. It is useful to have 2 concise way of descendin& ms.

naturally (the chemical element) and many

Proton

T
Neutron

Electron

. .
Mass [ K
1.660x 10"

]

1,660 x 10 "

9.110x 10°

ave equal and opposi
02 x 10""° kg). Using this n
be 1u, 1u and 0 u respe
ly be stated as 1, 1, 0.

ns in the numbers.

te charges. A new unit of chal§§
ew unit we can approxima th
ctively. The relative at '

conveys an impression

atom. It can be found
¢ diameter is 1 x 10 10 m. Thus
han the entire atom. You could build a model of an

adium (to represent the nucleus) and then

ly does not reflect this
slightly larger than

SS

_____-————-_._—_
[ Relative Mass
1

Relative Chargeé
+1 ()

»)

 —

1

0

the 3 particles desc
more can be fou

S

boye. 91 different atoms occur

Ations where energy levels
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To descride the pumber of particles i @ given atom, we use this notation
PRt Pramber

(A

ANV N

H

| I— Y

The top numbder (A) it calied the nucieon numbey (as itis the number of things in the nucleus of the
atom) o the mass number (as it is the mass of the atom.)

The bottom number (3) is calied the proton number (as it is the number of protons) or the atomic
Pumber (2 R is number that tells you which element the atoms belongs to).

The letters ive vou @ Clue as 0 the name of the slement, For example here is an atom of helium:

POV ¢ PO
2

- ,
& & '\

-~ He (#
rilp- AT,
- roavs b

HOow do we know about the protons and neutons in the nudisus?

Ris an estabished stientific fact that the atom has (centra! nudeus
neutrons. Bt how did '\“\\-\.\ 15 Gather evidanc 10 supDont this view?
T?_nv Rutherford scattenng expenment proved that the nudieus was small ana cositve but it took &
different expenment R prove the austence of the protons and nautrons witha:. Very high — energy

SIRTIONS have energy 10 adtualy penetrate in®d the nudisus itsaf

-‘-\-.nltw--\ --J u-\---\! -\v\ ana[

Isotopes

The number of protons it an atom = crucal Rghes ) x. "-.e charge of the nuciaus and therefore it
gives you the numder of slectons DR for § Neut ™. And the number of slectrons govems
how an atom dehaves ang reacss mCEh W -.. g a::r*'\. In other words, it gives you IS
propertes. O the numder of "r"e‘r'-- maes te atom dSoNg 0 @ particular elemeant. Change the
numder of Protons &NC you Chanpe e slement

The numbder of neutons N e nuciews s less crucal \\_ce':;..;xh*wehr of nautons

WIthOUL Changing e CNemMicy propertes of e M. R0 T dehaves in e same way. Aoms Wi
the same proton number dut cifferent numbers of neutons are c::"va”a..raaes /_\
\'-‘-

Here are I Isotopes of Byerogen

..- © — -
& [ — :__ -~
& O ) & e (-} — ..:f\
ey N i Y 1 =5
. - _\_' l_. \v-"
e S : N
‘\‘_‘ 23 _L‘.'_ : - -
L - [ — A . S— --
——— == e
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Recap-!|

mﬁnguish between nucleon number and proton number

Nucleon number A: The number of nucleons (Protons and Neutrons)
proton number Z:  The number of protons in the nucleus.

Neutron number N: The number of neutrons in the nucleus

Show an understanding that an element can exist in various isotopic forms, each with a different
number of neutrons

Nuclide: An atom with a particular number of protons and neutrons o

i ro
|sotope: Isotopes are nuclides that contain the same number of protons, but different num
neutron

Nucleon: Component of the nucleus = Protons and Neutrons

Decay equations o amn

To show what happens before and after a nuclear reaction (reaction m:rltr)r!‘\gg? (12)8 T{_l; tanza:e
tom) we use equations that show both the proton (Z) and nm:laonthI:3 - * aon o0}

?\Sclear equation (left side and right side) you have to make sure that

iaht hand side AND
numbers on the left hand side equals the sum of the nucleon numbers on the rig
the sum of the proton numbers on both sides also balance.

For Example: |
UN+ He » (O H

Top row = 18 on the left and right hand sides.

Bottom row = 9 on the both left and right sides.

This is a balanced equation.

‘q“c‘e T u n h T I” I T '“.“ Lo} iﬂ RS ‘;i. l‘!’\:n '€ de ay

jation i stable.
Unstable nuclei emit alpha, beta or gamma radiation in order to become more
nstable nu .

leus remaining is changed. This is \
itti i .ation the character of the nuc
As a result of emitting this radia
radioactive decay.
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Particle and Nuclear Physjes

The diagram below shows what happens when a nucleus emits alpha, beta or gamma radiations,

adecay 7}
b |
Z Before @ 3 /
N

=
= /
=
T )
z i
s Y
e 2 fewer proions
5 7.9 2 [ewer neutrons
2| N-2 | aner ¥
Proton Number Z
f} decay 6
= Z N
‘6 Before /
2| N . 4
E z41 ‘——" o
E e
[ = N =1
E -
E 1 more proton
s After 1 fewet neutron
Proton Number Z
v decay %
=
e Belore
o
p -
£ Z ‘_!_;
=
po N
E -
-5 me iy
g Afrer @ g:mf r.:x.mr-:s

Proton Number Z

In alpha decay 2 protons and 2 neutrons are emitted. Notice that this reduces the nucleon number
by 4 and the proton number by 2. A new element is thus formed. In beta decay a neutron changes
and an electron (which is emitted as beta radiation).

into a proton (which remains in the nucleus)
The net effect is an increase in proton number by 1, while the nucleon number stays the same.

Again a new element is formed.

When a nucleus has undergoné alpha or beta decay it is often left in a hig
This energy can be lost in the form of an emitted a gamma ray. Because
nucleus is unchange

gy (exc ited) state.
position of the

d no new element is formed.
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RaCAP
Qeaesents simple nuclear reactions by nuclear equations of the form
4 4
PN+ He — O+ H
APha JA0AY
X -

"o

SY a
[xla QA
AN LY . o -
N =g WHLR Y

Qamma daxay

IX = IX+Qy

Ly Sy
Mam - ANp+la
N Ay s S
w = wV T
In any nuciear reaction the tollowing must always be true:

e The total atomic numbier befone the reaction must be the same as the total atomic number
after the reaction

« The total atomic mass before e reaction must be the same as the total atomic mass after
the reaction.

The first requirement above is the statement of (he eonsarvation of charge in nuclear reactions.
The sacond requirement is the statement of the consgration of nucleon number.

Why are some atoms radioactive?

Instability

Some atoms are unstable. They have too much eneiqy or the wrong mix of particles in the
nudeus. So to make themselves more stable, they breakdown (or decay) and get rid of some
matter and’ or some energy. This is called radioactive decay and isotopes of atoms that do this are
csliad radioisotopes.

The process is Spontanaous and random. You can't do anything to speed it up or slow it

you can't predict when it will happen. The only reason we can do any calculations on rad es
is because there are huge numbers of atoms in most samples so we can U$ tatigtics to
accurately predict what's most likely to happen. %

Background Radiation
A Geiger counter set up anywhere on Earth will always register a c:i: is due to tiny

fragments of radioactive elements presents in all rocks and soil, the atmE re and even living
matenial. The Earth is also continuously bombarded by high - speethpanicles from outer space
and the Sun called cosmic rays. In addition the nuclear and hea ...) dustries produce small
amounts of radiation each year. Collectively this radiation am@s rom natural and unnatural

sources is called background radiation. é
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The chart shows the main sources of background radlation.

AT radon ard
4% horon
I ide hoenes

17% medical
sy mainly from
Perrmatnnl : gy
pamve rays |
Trown pog b 10% conmic
ot podl o 1ays from
i
7% inaite ‘4 S —_—
ut bodiny
0 4% mistelisnpoun
vispaling. g % wante 0ANNOM iy teom air
Orinking ond Troen the waapne trawel and
breathing nucles leste and |\ inoun watches.
Indusiry Chematy!
0.2% occupations!
roen medic sl and
indunirial ysas.

When carrying out practical work involving count — rates from radioactive sources, allowance
should be made for this background radiation. This can usually be done effectively by measuring

the background count in the laboratory for several minutes, and subtracting the appropriate
amount from subsequent readings taken with the source.

What is ionizing radiation?
Alpha, beta and gamma

lonising radiation comes in three varieties:

a (alpha) particles
B (beta) particles

y (gamma) particles

All of these forms of radiations are energetic enough to pull electrons away from atoms. The atoms

that have had electrons removed in this way are now charged particles, or ions, and hence the
name ionizing radiation.

The fact that these radiations are ionizing allows them to be detected and discriminated from other
forms of radiation (such as infra — red or radiowaves). Detectors such as ionization chambers,

Geiger — Muller tubes and cloud chambers all rely on the ionizing properties of these radiations to
produce measurable effects.

Properties of alpha, beta and gamma radiation
Alpha particles

Alpha particles are strongly ionizing but can be stopped by paper o
positive charge (+2) and a mass of 4 (i.e. 4 times the mass of a proton)

An alpha particle is in fact the same as a helium nucleus — 2 pratons and

Beta particles (?,é
Beta particles are electrons — but they are called beta particles\o ide e
nucleus of the atom.

How do you get an electron from the nucleus? A neutron splits up ahd betomes and an

electron. The proton remains behind in the nucleus, the electron is emittad

Beta particles are also strongly lonizing (perhaps 1 beta particle will cause 1(@;&“0@),
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Ggamma Rays

mma rays are very poor at ionizing (about 1 to 1) but they a .
; L8 re ve
peneiratmg). As they are not good ionisers, they are less da):‘lgemu Srytod:-[fffgult to stop (they are very

are in fact pure energy (at the shortest wavelength end

g i i of the E -M

emission accompanies most emissions of beta or alphg particles. spectrum) and gamma
Recap---

Show an understanding of the nature and properties of o-, B- and y - radiations (B+ is not included:
B- radiation will be taken to refer to B-)

'r""_—__—_.l_’—fc_’__ Alpha Beta Gamma
"Description Helium Nuclei | Electron from the nucleus Electromagnetic radiation
"= lonising power High Medium Low

"Penetration (absorbed by) | Low (paper) | Medium (Smm Al) High (Thick lead)

| Charge +ve -ve None

‘ Fundamental Particles?

Chemistry is very complicated because there are literally billions of different molecules that can
exist. The discovery of the Periodic Table simplified things because it suggested that there were
roughly 92 different elements whose atomns could be arranged to make these various molecules.

The idea that atoms are made up of just three types of particle (protons, neutrons and electrons)
seemed to simplify things still more. and scientists were very happy with it because it seemed to
of a complex world. Protons, neutrons and electrons were

provide a very simple explanation
.hich could not be subdivided further.

thought of as fundamental particles. *
90" century, physicists discovered many other particles that

However in the middle decades of the |
did not fit this pattern. They gave ther: names such as pions, kaons, muons, etc. using up most of

the letters of the Greek alphabet.
These new particles were formed in fwo ways:

« By looking at cosmic rays, which are particles that arrive at the ‘Earth. from outer space. ‘
« By looking at the particles produced by high — energy collisions in particle accelerators

(Figure 16.9). \
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nt from those of protons, neutrons and electrong

The discovery of new particles with masses differe
ry pa les. Various attempts were made to tidy up this

suggested that these were not fundamental partic
very confusing picture.
for certain whether a particle such as the electron jg truly

In principle, we can never know s IR
pnincip ca ain that a physicist will discover some deeper

fundamental; the possibility will always rem
underlying structure.

Families of particles
Today, sub-atomic particles are divided into two families:

» Hadrons such as protons and neutrons. These are
strong nuclear force.
* Leptons such as electrons. Th
force.
The word ‘hadron’ comes from a Greek word meaning ‘bulky’, while ‘lepton’ means ‘light’ (in mass).
It i certainly true that protons and neutrons arc bulky compared fo electrons. At the Large Hadron
Collider (Figure 16.10) at the CF.RN laboratory in Geneva, physicists are experimenting with
hadrons in the hope of finding answers to some

all particles that are affected by the

ese are particles that are unaffected by the strong nuclea,

Figure 16.10 Particle accelerators have become bigger and
bigger as soentists have sought to look further and further mto
the fundamental nature of matter. This s one 0of the particle
detectors of the Large Hadron Collider (LHT), asit wasabout to
be nstalied. The entire collider is 2T km i wrcumlerence,

fundamental questions about this family of particles. In 2013, they annougc’éd the discovery of the
Higgs boson, a particle which was predicted 50 years earlier and which i§ req@ t in why

matter has mass.

e
)
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side hadrons

sort out the complicated picture of the hadron family of particles, Murray Gell-Mann in 1964
To

ed 8 NEW model. He suggested that they were made up of just a few different particles,
f.;lwoich he called quarks.

| ith the corresponding
. 4 shows icons used to represent three quarks, together wi _ t
o r1kes'1'these are called the up (u), down (d) and strange (s) quarks. Gell-Manns lgeauwa;f t:?o
gntiqud tw types of hadron: baryons, made up of three quarks, and mesons, maa?n pfe‘
merskﬂffn either case, the quarks are held together by the strong nuclear force. For ex :
qua S.

is made up of two up quarks and a down quark; proton = (uud).
Apen '« made up of one up quark and two down quarks; neutron = (udd).
Areuten is made up of an up quark and a down antiquark; pi4 meson = (ud).
Api:. :Z::, i made up of a strange quark and an antistrange quark; phi meson = (sS)-
Apni

: needed to
i ‘bar’ for the quark. Antiquarks aré g
: wn with a ‘bar’ on top of the letter fo &, Wien a particle
et Eti\tuz ::ic.}stence of antimatter. This is matter that is made of a?gzzrrtges-
acco:]r!tlsfoa\rntipanicle they annihilate each other, leaving only photons © '
meets | ’

r Up | Down | Strange

|
l
[ e <
ﬁn:iqumk;ﬁi @ gﬁ

i ! ' of quark,
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Radiation from radioactive substances

There are three types of radiation which are emitted by radioactive substances: alpha (), beta (B)
and gamma (y) radiations come from the unstable nuclei of atoms. Nuclei con5|st. of protons ang
neutrons, and if the balance between these two types of particles is too far to one side, the nucleys
may emit a- or (Eradiation as a way of achieving greater stability. Gamma radiation is usually
emitted after o or B decay, to release excess energy from the nuclei.

In fact, there are two types of p-radiation. The more familiar is beta-minus () radiation, which i
simply an electron, with negative charge of-e. However, there are also many unstable nuclei that
emit beta-plus (B*) radiation. This radiation is in the form of positrons, similar to electrons in termg
of mass but with positive charge of +e. Positrons arc a form of antimatter. When a positron collides
with an electron, they annihilate each other. Their mass is converted into electromagnetic energy
in the form of two gamma photons (Figure 16.13).

e e Y4y
+ F —_—
electran positron gamma-ray photons

Figure 16.13 Energyis released in the annihilation of matter
and antimatter.

Table 16.4 shows the basic characteristics of the different types of radiation. The masses arc given
relative to the mass of a proton; charge is measured in units of e, the eiementary charge.

6 4 [sass | =1l
Radiation | Symbol | (relative Jcmrgeé-rypicmpuaf
! .

. topreten) |

g-particle o He 4 | 478 [ ‘slow' 110°ms 4 |
[-panicle (LG, ‘e: 1 | =& | agt' (10" ms 4| .
| | e | I
fr-particle | B P, e, | 1 | +e [ fast' (30t me ) |

. | be | 180 | '
[ y-ray l v 0 [ f | speed of lgnt _ql
| (3=10"ms ) ‘

Table 16.4 The basic characteristics of lonising radiations.

Note the following points:

Is a-o. and photon of electromagnetic are particles radiation of atter: m y-ray 16 an é
(X-rays are produced when electrons are decelerated: y-rays are produbded in n EHORS.)
An a-particle consists of two protons and two neutrons; it is a nucleys fheli A{Fparticle is

simply an electron and a §*-particle is a positron. The mass of an a- ) imes
that of an electron and it travels at roughly one-hundredth of the Sse%ijné : c:m i )OO ti
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piscovering neutrinos

There is a further t){pe gf particle which we need to consider. These are the neutrinos. When f
decay was first studied, it was realised that p-particles were electrons coming from the nucleus of
an atom. There are no electrons in the nucleus (they "orbit' outside the nucleus), so the process
was pictured as the decqy of a neutron to give a proton and an électron. It was noticed that p-
particles were emitted with a range of speeds- some travelled more slowly than others, It was
deduced lthat some other particle must be carrying off some of the energy and momentum
released in_the C!ecay. This particle is now known as the antineutrino (or, more correctly, the
electron antineutrino), with symbol v. The decay equation for (3 decay is written as:

beta - minus (") decay: jn — P+ je+V

Neutrinos are bizarre particles. They have very little mass (much less than an electron) and no
electric charge, which makes them very difficult to detect. The Austrian physicist Wolfgang Pauli
predicted their existence in 1930, long before they were first detected in 1956. In B* decay, a
proton decays to become a neutron and an electron neutrino (symbol v) is released:

beta - plus (B*) decay: p— g0+ fe+v

The two equations highlighted above show two important features of radioactive decay. Firstly,
nucleon number A is conserved; that is, there are as many nucleons after the decay as there were
before. In p decay, a neutron has become a proton so that the total number of nucleons is
unchanged. In p decay, @ proton becomes a neutron, so again A is conserved. Secondly, proton
number Z is also conserved. In p decay, we start with a neutron (Z = 0). After the decay, we have a
proton (Z = +1)and a (3 particle (Z = -1). Together these have Z = 1 -1 =0. Since Z tells us about
the charge of each particle, we would be surprised if we had a different amount of charge after the
decay than before the decay. A similar analysis shews that Z is conserved in p* decay. Do these
conservation laws apply to a decay? Here is an equation that represents a typical a decay:

22Rn—y PO+ ZHe
However, the strong force cannot explain B decay. Instead, we have to take account of a further

force within the nucleus, the weak interaction, also known as the weak nuclear force. This is a
force that acts on both quarks and leptons. The weak interaction is responsible for B decay.
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