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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?

@ S| units are used

Physical Quantities
in Scientific works

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

Physical quantities are classified into two types:
1. Base quantities
2. Derived quantities

Base quantity

Base are the quantities on the b
the basic building block of a house

asis of which other quantities are expressed. For example the brick

Derived quantity

The quantities that are

Sl Units for Base Quantity

expressed in terms of base
example is like the house that was build up from a co

S| Units — International System of Units

quantities are called derived quantities. For
llection of bricks (basic quantity)

[ Base Quantities Name of Unit Symbol of Unit |
Length Metre m |
Mass Kilogram kg j
Time Second s
Electrical current Ampere A
Temperature Kelvin K
[ Amount of Substances Mole Mol B

Derived quantity & equations

A derived gquantity has an equati

on which links to other quantities. It @

derived unit in terms of base-unit equivalent.

Example: F = ma ; Newton = kg m s?

P = F/A : Pascal = kgm sm?*=kg m” s?

e
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Some derived units

(Physical Quantities)

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 or 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 xm = 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 = ms2
3. Equation: force = mass X acceleration

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

Force @
Pressure =———
Area

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

4, Equation:

5. Equation: Work = Force x Displacement @
In terms of base units: Units of work = Kgm®s™ @
6. Equation: Power =M % S

Time

9 03364864345
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S| Units - Fill in. ..

- Quantities Special Name ——
Electric Cha
Potential Difference | |
| Resistance 1
For you to know...
|_Physical Quantity |
: Defined as i :
| Density | Mass (kg) = volume (m) k m3unlt ——Special
| Momentum | Mass (kq) x velocity (ms ™) kgm' T ———
| Force | Mass (kq) » acceleration (ms?) kg m — Newon N
| Pressure | Force (kg msZor N) -area (m?) kg’ m* (N"fz)m@L
ug:;’kefeﬁgﬁ l{ ngkce (kg ms™ or N) x distance (m) kg’ m> (JS-WJ&L
(kgm*“s*orJ) = ti TS s War e —
EIectrigaI charge Current (A) x time zs) melsl ;(\gsm e )\WC:JKL
Potential difference | Energy (kgm?sZor J) + charge (A s or C) | kgm*As?® W(EL
. - - (J C_1)
LI-'{esnstance Potential Difference (kg? A" s¥ or V) |(<3 ;l}f)A‘z 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 Sl 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

«Eg.s=ut+%at’
e LHS :unitofs=m

¢ RHS : unit of ut = ms-1xs =m

. Unit of at2 =ms?x s*=m
« Unit on LHS = unit on RHS
« Hence equation is homogeneous

e, eleciric current

I By Jabran Ali Kamran 10
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(Physical Quantities)

Non-homogeneous

+ P = pght

* LSS ;unit of P = Nm™¥ = kgm's™

» RKS : unit ofpgh® = kgm(ms“)Ym”) = kgs™
« Unit on LHS = unit on RHS

~ ance aquation is not homogeneous

Homogeneity of an equation

* Note: numbers has no unit

~ Some constants have no unit.

*£3 =,

« A homageneous egn may not be physically correct but a physically corect eqn is definitely
HOMOQENS0OUS

_s=2ut + at™ (homogenous but not correct)

mz (homogeneous and correct)

Magnitude

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

- £g mass of sun is 10% kg and mass of electron is 10° kg.

- Hence, prefix is used to describe these magnitudes.

Significant number

- Magnituses of physical quantities are often quoted in terms of significant number.
- Can wou =l how many sig. fig. in these numbers?

- 103 700.0. 0.030. 0.4004, 200

- F wvou muitply 2.3 and 1.45, how many of should you quote?

«312 3335 348

-3372 33353358 @\y
The rules for identifying significant figures
e The ruies for identfying significant figures when writing or interpreting number follows:-

- Al non-zaro digits are considered significant. For example, 91 has two sigr@ficai figures (9 and

fm
/#]

"
i

<\ while 123 45 has five significant figures (1, 2, 3, 4 and 5). 0
- Zaros appearing anywhere between two non-zero digits are signifi mple: 101.1203 has
seven significant figures: 1.0, 1, 1.2, 0and 3.
- Leading zeros are not significant. For example, 0.00052 has ificant figures: 5 and 2.
Traiing zeros in 2 number containing a decimal point are s} For example, 12.2300 has
sx significant figures: 1. 2, 2, 3,0 and 0 The nui - 300 still has only six significant
fgures (the zeros before the 1 are not significant). | jtion, 120.00 has five significant figures
smce i has free railling Zefos.

Iumum 11 03364864345
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* Often you will be asked to estimate some magnitudes of physical quantities around you.

* E.g. estimate the height of ili
of hgir, height of the ceiling, volume of an apple, mass of an apple, diameter of a strang

Reference link:
http://www.xtremepapers.com/revision/a - Ievellgh)gics/measuremeng.ghg
Estimates of physical quantities

* When making an estimate, it is only reasonable to give the fi iani
i : T ure to 1 or at mo
figures since an estimate is not very precise. S 8 st 2 signfficant

Physical Quantity Reasonable Estimate |
Mass of 3 cans (330 ml) of Pepsi 1kg ]
Mass of a medium — sized car 1000kg |
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

!
g R [\li
03364864345
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(Physical Quantities)

Prefixes

* 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 10°
mega M 10°
giga G 10°
tera ? 2?

» 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 108 The diameter of this atom
light years from the Earth. is about 1 x 1070 m.

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

Scalar quantities are added or subtracted by using sin@n metic.

By Jabran Ali Kamran 13 03364864345
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(Phvsical Quantiﬁcs)

Example: 4kg plus 6kg gives the answer 10 kg

6 kg

4 kg

10 kg

Vector Quantities

Vector quantities are quantities that have both magnitude and direction

A Force
Magnitude = 100 N

Direction = Left

Examples of scalars and vectors

Scalars Veactors
Distance Disptacement

Speed Velocity

Mass Weight
Time Acceleration

Pressure f-orce

Energy Momentum

Volume

Density

Direction of vector
>
eg B N Vector A -E 20°Nor
N70°E %
W %J; Vector B - N 30°W or %
W 60°N g R
40
Vector C -
c
S 0@
I—
03364864345
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(hysienl Quantities)

Adding/Subtracting Vectors Using Graphical Method
o Parallel vectors can be added arithmetically
anN| |

6N 4N
21

2N

2N

« Non - Parallel vectors are added by graphical means using the parallelogram law.
e Vectors can be represented graphically by arrows.
5.0cm = 20.0N

A

- > Direction = right

e 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 will be the result of
E g Below are two vectors A and B. sdding 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

I;’ as all the others put together. \

;’l de Let’s describe the result as C. @
/ e SoC=A+B N
/’, ~“
I’I \\\‘

, -~
1 Vet
,_---l{dﬁ will cornect the two vectors in this manner. T}I\e_taﬂ of B tonnects to the
l:head of &3

S

-y =

4864345
By Jabran Ali Kamran 15 0336
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(Physical Quantities)

Vector Operation
« Vector problem must be solved vectorically unlike scalar quantity,
*EQ.ANs4N=E6N

5N
4 N
3N
Addition using drawing method
c
B

2

Reference link: Vector addition
hitp://www.physicsclassroom.com/class/vectors/u3l1 b.cfm

Subtraction using drawing method

1“_ 8

Parallelogram law of vector addition

The parallelogram law of vector addition states that if two vectors acting at a-

p int<are rgpresented
by the sides of a parallelogram drawn from that point, their regultant is rapre ented byAthe diaggnal
which passes through that point of the parallelogram gu \

£

—

03364864345
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(Physical Quantities)

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. ¢
and add

Change in a Vector

Case 1

hange the sign of the vector to be subtracted,

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

but not magnitude.

Case 2

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

Components of a Vector

Apy \{ector directed in two dimensions can be thought
directions. That, it can be thought of as having two pa
component.

of as having an influence in two different
rts. Each part of a vector is known as a

L 2N+ L4N = ! 6N (2N and 4N are the components of 6N)
The components of a vector depict the influence of that vector in a given direction. The combined
influence of the two components is equivalent to the influence of the single vector. The single
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.

- - -

3?\1 + 4N = N (3N and 4N are the comiponents of Y_N)

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;

F,=FsinA

« The horizontal component of F: F, = Fcos 4 F,=FcosA
e The vertical component of F: F, = FsinA @
17 03364864345
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(Physical Quantilies)

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,

Fveri_—38'6 N
F_=45.9N
oriz

s5ind0° = Far

60N
F,,, =60N x sin40°
F_ =38.6N
cos40° = LY

60N
F,.. =60N xcos 40°
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/u3l1d.cfm

http://www.physicsclassroom.com/class/vectors/U3I1e.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_EwLOY&feature=related

—

S

—

03364864345
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(Measuring Techniques)

Measuring Techniques

Measurement of Length

Length

e Measuring tape is used to measure relatively long lengths
o 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!i metre rule (i.e 100 cm or 50 cm).
Smallest division on the metre rule is 1 mm. Should be able ic iake a reading with an uncertainty of
0.5 mm. Should be aware of 3 possible errors:

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

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

Scanned by CamScanner



(Measuring Techniques)

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

83am

B2cm

Vernier Calipers

o 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

man scale
e
sl iyl
ERRFIEER
$ / 5 —t1— Vomier scale
ﬂga 1
tn'ng h—ﬂmm—h
measured

Micrometer Screw Gauge

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

gauge is used. The micrometer has two scales:

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

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

Scanned by CamScanner



Measuring Techniques

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. Check 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

ractor. Place protractor's center at a vertex of the angle
rtex of the angle you will measure. Move the pencil in a
). Click to set the start of the angle.

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

il it is touching the end of the angle (other line). Notice that the

Move the pencil in a circle unt
15 degree increments, on its edge. Click to measure angle.

protractor has marks, indicating

_ | By Jabran Ali Kamran

Scanned by CamScanner



Measurement of Mass

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

SETE A oS

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

| puea— v N22R4AR64345
Scanned by CamScanner

B )




(Measuring Techniques)

Measurement of Time

Time

‘ The oscillation gf 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.

Scanned by CamScanner



(Measuring Technigues)

Errors occur in measuring time
ord time to the nearest 0.01 s. Reactio,

If digital stopwatch is used to time a race, should not rec
time in starting and stopping the watch will be more than a few hundredths of a second

Many instruments do not read exactly zero when nothing is being measured. Happen because
they are out of adjustment or some minor fault in the instrument. Add or subtract the zero error
from the reading shown on the scale to obtain accurate readings. Vernier calipers or micrometer
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

A mercury-in-glass thermometer is a thermometer which provides temperature rea
the expansion and contraction of mercury inside a calibrated tube.

The Thermocouple Thermometer

dings through

creates a voltage between the two ends. The greater the temperature
current. Different metals react at different rates, and a thermocoupre-é

metals, joined at the sensor end. At the circuitry end, they a

—

, By Jabran Ali Kamran 24 03364864345
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Measuring Technigues

Calibration Curves
rve of a thermometer using a mercury thermometer as a standar

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 comresponding 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.

\ 2 3 p
‘wllilﬂllﬁlimh
o ”'/””%/"

v

A Galvanometer \

A galvanometer is a type of sensitive ammeter(an instrument for detecting electric currer@s 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
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(Measuring Technigues)

Galvanometer - Null method

AM mahad of odtaning measurements or comparisons, in which the measurement is COrreg
Whan The dafiaction of the galvanometer or other indicator is zero, nought or null.

The advies adhvantages attach to null methods in electric galvanometer work - one is that an
ORI galvanometer can be employed, the other is that a galvanometer of any high degree

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

Meathods of measuring current and potential difference

:‘\;Es.‘: mater is & device used by technicians to test and measure
SIRCTONT arcuits. Most of them are portable, battery-powered units.
Thay show maasurements as numbers and symbols on an electronic
NS

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

Multimeters

A mulimeater measures electrical properties such as AC or OC
voRage., cument and resistance. Rather than have separate metars,
this gavice combdines & voltmeter, an ammeter, and an ohmmeter.
Slecticians and the general public might use it on batteries,
components, switches, power sources, and motors to diagnose
glectnicze! malfunctions and narmow down their cause.

Analogue & Digital

Analogue Scales

nalogue scales have round dials, where a pointer moves clockwise
according to the weight applied. Markings are equally spaced betwe
fractional amounts.

Digital Scales

Digital scales have LCD or LED number displays. There are noroint

_

By Jabran Ali Kamran 26 03364864345
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(Measuring Techniques)

1

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 !
i
|

— | Both direction

| (plus/ minus)
Eliminate/ red uce | Canbe eliminated |  Can reduce
Cannot reduce | Cannot eliminate

Direction of error

What type of error is

a) Reaction time? @tf/
b) Parallax error? &

Systematic Errors (\@b
Q

These are ermors in the experimental method or equipment where re Q}re either always too
big or always too small compared to the actual value. For example, if ewton-meter reads 0.2
D2

N with no weights on it, then your measurements of force will al@b N too large.

By Jabran Ali Kamran 27 03364864345
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(Measuring chhnlqucgl

What are 2ero errors?
Remember to check for any zero errors for your measuring Instruments before you start. Anothe
ding scales with your eye in the wrong position, as shown iy

example is if you get parallax when rea
the diagram.

cific heat capacity, there will always be thermal energy
ure rise reading in this process?
other

pe
at affect your temperat
f the water would always be too small. This is an

Measurement of the temperature rise 0
d to design your experiment carefully to correct for errors

If vou heat some water to measure its s
lost to the surroundings. So how will th

fore, you will nee
ertain precautions for different types of

systematic error. There
loss. You will also need to take c

like this thermal energy
expeanments.

Systematic Errors

Are TYPICALLY present.

Measurements are given as:

e disribirion of X
withs systemalc eror

the distibution of X with
no systamalic ey

- X

I~ S

N.(;lm ler systmm]rc e tdoes
affect ihe average — we cal
this a bias )
Q
q ’\E ;

~

Measurement + Systematic Error
OR
Measurement - Systematic Error

,/

03364864345
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(Measuring Technigues)

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 7’[0 the actual vglqe. For example, when you are timing oscillations, what is the common
error here? error in your timing because of your reactions.

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 - ing i
high or too low. ' are not sure if the reading is too

> ALWAYS present.
» Measurements are often shown as:

the distribution of X l

with random error
—

»

\ with no random error

frequency

the distribution of X ‘

——
Notice that randorn error doesn't
affect the average, only the
| variabilty around the average

Measurement + Random Error %
Sources: @@
» Operator errors

» Changes in experimental conditions

How to minimize them? @
%@

e Take repeated measurements and calculate their av

2
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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

* It 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 valu,

e |t is taken as the difference between the measured value and accepted value. J

An Analogy

The dots represent bullet holes in the target.

©®

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

e}

£ DR ST O e il i s,

» The first target shows moderate accuracy and poor precision;

e The second shows good precision and poor accuracy.

"
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Measuring Techniques

» 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=F2pVw5FOQivA

Limit of Reading and Uncertainty
* The Limit of Reading of a measurement is equal to the smallest graduation of the scale d%

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

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 @

surement, then the

Take multiple readings. When a series of readings are taken for
greatest deviation from

arithmetic mean of the reading is taken as the most probable answer.

the mean is taken as the absolute error. @
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(Measuring Tethnign! )

1
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, use is made of absolute, fractional and perce
uncertainties. Mage
1 mm is the absolute uncertainty

1/208 is the fractional uncertainty (0.0048)

0.48 % is the percentage uncertainty.

o & o o

Uncertainties

Every measurement has an uncertainty or error.

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

There are three main types of uncertainty.

> Random Uncertainties
»> Systematic Errors 3
» Reading Uncertainties ‘

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.

03364864345
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209 + 210 + 209 + 210 + 200
mean length = —— 5

o 1038

(a) 5
mean length = 208 mm

give the mean to same number of significant figures as measurements

max reading - min reading
number of readings

random uncertainty =

210 - 200
(b) = T

=2 mm

(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 foilowing results: V\

9.87ms™, 9.80 ms”, 9.81 ms™, 9.85 ms™

(a) Calculate the mean speed. @
9.83 ms” (2 >
(b) Find the random uncertainty. S\

0.02 ms™ @
(c) Express mean speed including the absolute unceﬂair&@y
9.83 ms™ £ 0.02 ms” %
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(Measutlng Technl

Reading Uncertainties

A reading unoertainy is how accurately an instruments scale can be read.

Ansloque Scales

\Wheve the divisions are faidy large, the uncertainty is taken as. [ Half the smallest scale dlvis@

Whare the divisions are small, the uncertainty is taken as: —
The smallest scale division
>
1
- ,/.‘(’>
/,./\l
l/—

Digital Scale (example 1) ( ﬁ |

For a digital scale, the uncertainty is taken as: e | The s%;lest?‘ale réad
/s N |
e.g. voltage =29.7mV 0.1 mV N %& {
g R 4
This means the actual reading could be anywhere from ....77 ,
4864345
34 0336
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(Measuring Technigues)
Percentage Uncertainty
The percentage uncertainty is calculated as follows:
% uncertainty = aboslute Ur'Icertamty % 100
reading
Example 1
Calculate the percentage uncertainty of the measurement:
d =8cm £ 0.5cm
% uncertainty = absolute ”’?cena'“ty 100
reading \
%_ S
65 S\
= — 100
&
=0.0625 x 100
=6.25% Q@@

(d = 8cm + 6.25) s\

&
5
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Question 1
Calculate the % uncertainty of the following.
a)l=5A105A
b)t=20szt s
c)m=1000g * 1g
d) E=500J + 25
e) F=6N £ 0.5N
Answer key
Cailculate the % uncertainty of the following:
a)l=5A+05A
10 %
b)t=20s+ 1s
5%
c) m=1000g £ 1g
0.1%
d) E = 500J + 25J
5%
e) F=6N  0.5N
8.3 %
Combining uncertainties
For addition, add absolute uncertainties

y=b+c,theny+ 8y =(b+c)+ (6b+ &c)

l By Jabran Ali Kamran 36
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Example:

Two volumes of water were added to a beaker. The volumes measured are as follow:
Volume A= 150+0.1m°
Volume B=25.0+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)t(5b+ dc)
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

x=bxc, then §=%+§5
x b ¢ \
For finding percentage, we have multiply fractional error by 100. @\7
03364864345
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(Measuring Techniguey)

B

Combining Uncertainties (Example for multiplication & Division)

Multiplication plvlslon ' 9
Determine the momentum together with Determine the density of water given the ~
uncertainty given that measurements below
mass of object = 1.50 £ 0.01 kg Mass, m=50t1g
Velocity of object =2.0 £+ 0.2 ms™ Volume, V=52%5 cm?
Ans: uncertainty = 0.32 Ans: density = 1.0+ 0.1 gcm
But final answer = 3.0 £ 0.3 kgms™" Working :
Working: D=m\V
P =mv 8D _bm 8V
& _om b D m v
P m v BD L —5_
& _001 02 096 50 52
3 L 2
When using powers, multiply the percentage uncertainty by the power
z=b" then & a@
z b
Example: 4

Determine the density of iron given the measurements below

Mass, m=37.8+0.1g

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+0.1¢g

d=210+0.01cm

|
q
{

:
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nd den
L L] 4
P v ﬁd -Rd" V=51[r"
6 4 (dY ’
LA .83 = 7.79density V=3n(5J 3%
x(llm 3
oot
Combining Uncertainties

When using power multiply the % uncertainty by the power

ex :z=b®then f:%

Next find uncertainty of density Ap
&I

Ap_ 01 3x001
p 378 210
_(o1 3x0.01)

7.8 210
=0.132
Sop=17.79and 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 precisely than if we
Writing 5.00 m tells us that the length is accurate to the nearest centimetre. §

First alternative
F— o

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

This depends on the precision of the raw numbers you use in the cal@n. Your answer cannot

be any more precise than the data you use. @
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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. + they

Example

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

distance travelled _100.0m _, 705882 m s
time taken 68 s

speed =

Ouir final answer should be stated as:

» 1.5ms™(2sf)
» 147ms" (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+0.5¢cm
t=2s+0.5s

v="?

03364864345
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Calculation of Uncertainty

Measuring Techniques

absolute uncertainty <100

% errorind = 5
reading

=95 100
5

=31%

absolute uncertainty <100

% errorint= i
reading

0.5

—x100
2
=25%

Uncertainty in Speed

The biggest uncertainty is used, so get: v=8 cms™' £ 25%
v = 25% of 8cm s

The absolute uncertainty in the speed: = 0.25% x 8
=2cms’”

Answer v = 8cms™’ + 2cms™ OR

Cathode Ray Oscilloscope

Reference Link

http://www.kpsec.freeuk.com/cro.html

Horizontal
deflection plates

Cathode ~ Anode

N /s /
H | .v R l/ r—"‘/; /'*'ﬂ—r
eater | 1 I LY L eeee=="
current —1— I I'I“ 5 el i
| P iss g
A il
/
Grid /
CE— /I
J— /
Vertical
deflection
plates

v=8cms" +25%

Bright spot
_.on screen
[/ where
(/1 electrons hit
A

- e

/" Fluorescent
./ screen

:

Path of
electrons

o

N4
An oscilloscope is a test instrument which allows you t@%ﬁgﬁe 'shape’ of electrical signals by
i

displaying a graph of voltage against time on its scree
function of showing how the voltage varies with
measurements of voltage and time from the screen.

e a voltmeter with the valuable extra
The 1cm grid enables you to take

| By Jabran Ali Kamran a
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(Mcasuring chhnigum

i the phosphor coat
drawn by a beam of electrons st'nking at
e trace, is lly gre):an or blue. This is similar to the way @ televisig

y called th
ua

The graph, usuall
of the screen making it emit light, us

picture is produced.

rode) at oné end to emit
ove rapidly down the tube

(negative elect
ntains electrodes to

so they m

h a cathode
to accelerate them
alled an electron gun- he tube also €O

to the screen. This arrangement is
beam up/down and left/right.

deflect the electron

n a vacuum tube wit

de (positive electrode)

Oscilloscopes contai
c

electrons and an ano
y the cathode and this gives the

because they aré emitted b

athode rays
pe or CRO.

The electrons aré called ¢
f cathode ray oscillosco

oscilloscope its full name 0

d stable trace
ou wish to test you will need to adjust the

The Y AMPLIFIER (VOLTS/CM) control

Obtaining a clear an
ce occupies at least half the screen

ected the oscilloscope 10 the circuit y:
lear and stable trace on the screen:
of the trace. Choose a setting so the tra

ff the screen.

Once you have conn
controls to obtain a ¢
determines the height
height, but does not disappear O

The TIMEBASE (TIME/CM) contro
setting so the tra

lly best

t which the dot sweeps across the

| determines the rate a
ycle of the signal across the screen.

ce shows at least one C

screen. Choose a
left set to AUTO.

The TRIGGER control is usua

42
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(Measuring Technigues)

pasuring 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.

voltage

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 (us) are often used. 1ms = 0.001s and 1ps =
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 OV 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 @?
amplitude (peak voltage) = ¥4 x peak-peak voltage = 4.2V ;®

Calculating Time period

27

D

EBASE (TIME/CM)

Time is shown on the horizontal x-axis and the scale is determined b i
le of the signal. The

S

control. The time period (often just called period) is the time for o
frequency is the number of cyles per second, frequency = 1/time pexod:

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

Given time/cm as 5ms/cm %

Example: time period = 4.0cm x 5ms/cm = 20ms
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Youtube links to explanation on:

* hitp/www. . tch2v=F2pVW5FOiyA
* hittp//www.youtube .com/watch ?v=ilyGPVOEMf4
1
|
|
3 '5 /\li :
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Kinema

Kinematics (Newtonian Mechanics)

hanics

;h: r:t;?gnonggﬁzfs begéns with mechanics. Mechanics is the branch of physics that focuses on
' N . Kios rjn atic$ar; dth; force:s that_ cause the motion to change. There are two parts to
; mbe o with nd Dynamics. Kinematics deals with the concepts that are needed to

descri ) out any reference to forces. Dynamics deals with the effect that forces have

on motion.

Introduction
Kinematics is the science of describi i j
_ ibing the motion of objects using words diagrams
. >SC , , graphs, and
equations. The goal of kinematics is to develop mental models to describe the motion of rsal-world

objects. We will learn to describe motion using:
1. Words
2. Diagrams
3. Graphs
4. Equations
Describing Motion with words
d by words. Even a person withou

The motion of objects can be describe

has a collection of words, which can be used to describe moving object
faster, _stopped, slowing down, speeding up, and turning provide a su
describing the motion of objects. In physics, we use these words as the language O

1. Distance and Displacement
2. Speed and Velocity

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

t a background in physics
s. For example, going
fficient vocabulary for
f kinematics.

These
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 a magnitude and a direction. (ﬁ\\7
Distance ] Displacement o \< _
Displacement refers to the dista ved in a
verall

Distance refers to the total length of travel
irrespective of the direction of the motion. It is a particular direction. Itis the o
change in position. ltisa
llometre (km),

scalar quantity. S| unit: metre (m) Other
common units: kilometre (km), centimeter (cm) | metre (m) Other comm 3
centimeter (cm OA
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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 arrow),

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
2m 2m ‘
4m
Total displacement =0 m ‘
When he is finished walking, there is no change in his position. The 4 e ¢ast (s “cantelety” the 4
m west; and the 2 m south is “canceled by” the 2 m north. o~
[ Speed T T Velogty—_/_J
Speed is the rate of change of distance. Velocity is/the-distance tra lleg”in a |
It is a scalar quantity. directiondt is also defined\as t teOf
Speed = distance travelled of displacement.
peed = — o taken It is a vector Quanti
. change in displacement
Velocity = :
id tie taken f‘—n@
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(Kinematics)

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
the instantaneous speed. (From the value of the speedometer) The average speed of the entire
journey 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 Acceleratiori is the rate of change of ve

Time | Velocity
(s) | (mis) §

F ¢

50

Acceleration is a vector quantity @@
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QPAWIN|—

i

Scanned by CamScanner



Sl unit: ms™
Acceleration = change in velocity
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 graph and a speed
2. Deduce from the shape of a distance-time graph when a body is:

-time graph.

(a) at rest

(b) moving with uniform speed 1

(c) moving with non-uniform speed i
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 determin
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 o
time Graph is the distance travelled.

Distance-time Graph

A car has travelled past a lamp post on the road and the distance of t
measured every second. The distance and the time readings are rec
using the data. The following pages are the results for four possible journeys. |

the greater the speed.

e the distance travelled for motiori

bject. Area under the Speed-
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(a) Car at rest
Ti_meins o112 1[3 [4 [5
Distanceinm |25 [ 25|25 |25 | 25 | 25
L1
40
€ %
£
20
i
0 1 &%'h‘ 3 4 S
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
S0
40
g 30
S
H
élo
3 4 S

0 1 2
time ins

Distance increases 10m forevery 1.

(c) Car moving with non — uniform speed

(i) Car Accelerating

e Tol1 |2 |3 (4|5

(Time in s
Distanceinm | 0 | 10 (25 45 75 | 100

N
&
&

100
80
: Q
£ 60
gw %O
s )
20
o1 2 3 ¢ s
timeins
°
increases.sothearmlsa longer distance a5
time increases. \@
49 03364864345
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(ii) Car decelerating

0
E
5 60
-
fo
£
2
0 1 2 3 4 [
nmens
Speeddecmases.someartravelsuhmerdmme
as time Increases.

f the moving object.

The gradient of the distance-time graph gives the speed O

Velocity — Time Graph
e The gradient of the velocity-time gradient gives a value of the changing rate in velocity, which ig
the acceleration of the object.
h gives a value of the object's displacement.

e The area below the velocity-time grap

4

velocity/ms !

time/s

’ By Jabran Ali Kamran
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(Kinematics)
Analysing Velocity - Time Graph

* Uniform Velocity * Uniform Acceleration

A A

valocity/ms*

velocity/ms*

times timels

* Uniform deceleration
A

* Increasing acceleration
4

velocity/ms '
velocity/ms

£

Decreasing acceleration
A

/‘

i

velocity/ms”’

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

> You need to select two points on the graph, for example (x1,y+) and

» Once you have selected the points you put then into the equation 1(X2-X1)
» m = the gradient

The gradient represents the acceleration. In other words, We 13 g vertical reading from the

al reading where the acceleration
finishes.
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Example 1
Figure 2.14 shows the speed - time graph of a moving lift.

speed /ms
W0p------
i "
.‘ 1
5 N "
0 s 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 liftis 10 m s™ ‘
(b) The lift moves for 25 s.

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

Acceleration = 10—'0
=1ms?
0-10
Acceleration = ——

(d)
=-2ms?

Therefore the deceleration is 2 m s
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Example 2
iqure 2.15 shows the speed - time
raph f
the shape of the graph and describe ?ho‘typ(e)rdl; Jlgg;my':f.::m:;gr: hi house to schocl, Look &

peed

tF H
Figure .18

Solution

left home.

moving with uniform acceleration.
moving with uniform speed.
moving with uniform deceleration.

moving with uniform speed (speed lower than A - B).
moving with non — uniform deceleration (decreasing deceleration).

O O
1
>

not moving.
moving with non — uniform accelerati

moving with uniform acceleration.

on (increasing acceleration).

|
TI® "m oo w

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 %

The distance travelled by the car is givei by

Distance = speed x time = 20x5
=100 m
can also be obtained by calculating @ under the

The same information of distance travelled :
e area under a speed-time graph gives the distance tm@%

speed-time graph. Th
404 O
W
. 309
O
=« 20x$=100
| aammiion J
7
0 1 m‘z"m 4 s
Figure 2.16
03364864345
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Example 3 - Question
peed /ms
wf e
20
0
T T T FUU W
0 ) 0 30 40 nmess
] P Q C
Figure 2.17 Speed-time graph of a car accelerating. moving with
uniform speed and then decelerating

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?

(c) 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 x10x30
2
=150 m

(b) Total distance travelled = area of trapezium OABC

= %x(20+42)x30

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

Total distance travelled
Total time taken

_ 930
42

221ms

(d) Average speed for the whole journey =

Fall Freely...
http://www.youtube.com/watch?v=go9uekKOckKM
http.//mww.youtube.com/watch?v=FHtvDAQOW34I

©

-
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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 fall freely at g ~ 10 m s when near
the earth and air resistance is negligible.

Speed of a free-falling body increases by 9.6 mi 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
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Examples
Examples of objects in Free fall

> A spacecraft (in space) with ita rockets off (@.0. In a continuous orblt, or going u
minutes, and then down) going up for 8Ome
> The Moon orbiting around the Earth,

Examples of abjects 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' Iift Is also providing an acceleration.

Representing Free Fall by Graphs

¢ Starts sow
Finishes with a large
3 downward (-)
5 v velodty
e
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 a 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 a 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 fallli_n’g metion known as free-

fall. :
> Free-fall is the motion of objects which move under the sole inﬂl\a ce of gravity: freevfalling

objects do not encounter air resistance. A
» More massive objects will only fall faster if there is an a

present.

—
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Force of gravity means the dog accelerates

To start, the dog is falling slowly (it has not had time to i
, ! 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 fglls faster, another force becomes bigger - air resistance. The Alr resistance
fo.roe.of gravity on thg dog of course stays the same The force of gravity is

still bigger than the air resistance, so the dog continues to accelerate (get f
faster) ﬁ

Gravity = air resistance

Terminal Velocity

As the dog falls faster and air resist
resistance becomes as big as (equal to)
getting faster (accelerating and falls at constan

the terminal Velocity.

ance increases, eventually the air
the force of gravity. The dog stops gravity

t speed. This velocity is called

R

' &
e
gravity @;

&
&
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Terminal Speed
The dog will continue to fall at constant speed (called the

gravity

Uniformly Accelerated Motion
nge of velocity with respect to time, in a given direction,

Acceleration is defined as the rate of cha

The S| units of acceleration are ms™2. 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. |t
} 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.

e

03364864345
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experiment with “g".

Colege building
Stop watch

force and mass.

Graph of free falling :

A group of students on top floor

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

(This expenment will be carried out during next lesson)
Upon lnmhgahon g constant is found with one of the equations we

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

=

1. Dropping an object from high place

« Velocity - Time Graph

Vistootyras |

f

« Acceleration - Time
Graph

IO e 00N
4

|
e

have derived and It is as

of
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Graph of free falling:
2. Launching Object Upward

'+ Velocity - Time Grapﬁ )
| —— * Acceleration - Time
Graph
Anceigratme
° T
° Timeh
————————
Graph of free falling:

3. Object moving upward and fall back to the ground

* Velocity - Time Graph
* Acceleration - Time Graph
Aml :.H: !l“i,'\'; "’f.“';‘: ‘. . t
.Mﬂﬂ"" o Poﬁ“
repio Diregy
° Timers 0 Timers
Graph of free falling:
\ . \
4. Object falling and bounces back i \
'l';"i‘”' - 0 |
* Velocity - Time Graph - e ‘
Velocityims * Acceleration - Time Positive |
t Graph \ i ﬂ Direction

AA/ T | (h' '
0 v Tl —
/V .

; = K N @

-]
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At the point when the air resistance

X _ _ equals to the wei [
a?:é?rlai::r; a:?ed Ittf;:"%tzeqt will fall with “terminal velocityf'g.]h/t\' str:;: c:fanzg Bepa—
object, e aning, has a high terminal velocity. A light object, like

g raindrop, or an object with : . s etmee
terminal velocity. ) large surface area like a piece of paper, has a low -
Positive Velocity & Negative Velocity r—
How can one tell whether the object is moving in the positive direction (i.e., { ==

positive velocity) or in the negative direction (i.e., negative ity)?
can one tell if the object is speeding up or sIovaing; dg\?vn? velociy)? And o

Since the graph is a velocity-time graph, the velocity would be positive
wpe_never the line _lles 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 velocity means the object is
moving in the positive direction; and a negative velocity means the object is
moving in the negative direction. So one knows an object is moving in the
positive direction if the line is located in the positive region of the graph
(whether it is sloping up or sloping down). And one knows that an object is
moving in the negative direction if the line is located in the negative region of
the graph (whether it is sloping up or sloping down). And finally, if a line |
crosses over the x-axis from the positive region to the negative region of the
graph (or vice versa), then the object has changed directions.

These objects are moving These cbjects are moving
with a positive velocily. with a negative velodity.

) + / R + '\\\ | + ) +
: N . L time %n -

;' _ VAt
§\\W

&
5

-

\ ~

)
i

_\;

R
Vel;crl:,—
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(Kinema

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 e
velocity changing from -3 m/s to -9 m/s is also speeding up. Wt
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 velocity.g;
graph is changing from near the 0-velocity point to a location further away from the O-VQQ
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

slowing down.
+9 / +9
/ \
& sl 243
g 0F— Time ,5 0— Tome
9 . 9]

Equations of Motion ,
, , | § = displacement (m
There are 4 equations that you can use whenever an object :' U= initipa! velocity gm)s" )
moves with constant, uniform acceleration in a straight line. L v =final velocity (ms™)
The equations are written in terms of the 5 symbols in the box: | = constant acceleration (ms?)
= time interval (s)

f
i’ 3
|
1

Sincea=(v-u)/t
‘ v=u+at...(1)
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).
Yo(u + v) = s/t

s="%u+v)t...(2)

Using equation (1) to replace v in equation (2):

s =Y(u+u+at)t Yy,
A
s = ¥(2u + at)t TN
(NN
s = ut + %at? ... (3) PN

\

\
g R l;
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(Kinematics)

From equation (1),t = (v -u)a Note:
Using this to replace t in equation (2): e You can only use these equations
_, only if the acceleration is constant.
s = Y(u + V)[(v - uya] » Notice that each equation contains
2as = (u+ V) (V-U) only 4 of our 56 “s, u, v, a, '
S variables. So if know any 3 of the
2as=Vv' —-U variables, we can use these
V=ul+2as ... (4) equations to find the other 2.
Example 4

A cheetah starts from rest and accelerates at 2.0 ms2 due east for 10 s.
Calculate (a) the cheetah’s final velocity, (b) the distance the cheetah covers in thi

Solution:

(a) Using equation (1):v=u+at
v=0+(2.0ms-2x10s)=20 ms-1 due east

s 10 s.

(b) Using equation (2):s=Ya(u+ Vit
s=%(0+20ms-1)x10s = 100 m due east

h for this motion. The

You could also find the displacement by plotting 2 velocity-time grap
magnitude of the displacement is equal to the area under the graph.

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+ (1/2x5.0 ms* X t)

£2=4.0¢
t=20s
(b) Using equation (1): v =u+ at
v=0+(5.0ms?x2.0s)
v=10ms”

Example 6

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

Solution:
Using equation (4): V> = u” +2as @
0=(10ms-17+ (2 x(-2. )
0 =100 m’s? - (5.@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 velocity Is 8.0 ms-1. Taking = 10 m&™ and Ignoring "

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

(b) velocity of the coin on returning to his hand,
(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=32m
(b) The acceleration is the same going up and coming down. If the coin decelerates from 8.0 mg*
to 0 ms™ on the way up, it will accelerate from 0 ms™' to 8ms™ on the way down. The motion g

symmetrical. So the velocity on returning to his hand is 8.0 ms™ downwards.
(c)v=u+at
0=8.0ms"+(-10 ms?x )

t=0.8s
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. N\
//
. 5
-
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(Kinematics)

PROJECTILE is a body which is thrown horizontally or at an angle relative to the horizontal 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.

{ a=g

N —

Projectile

S Ny motion

\

o d -

i I

o I

\ B

§i - v‘

Vertical N

o fall I

+

2% I

N

i

o4 ¥

5 Y \
B . =
e ¥y \Y
7 \
L .

The speed in the x-direction is constant; in the y-direction the object
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.

&
S
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REMEMBER:

1. The horizontal velocity of a projectile Is constant (never changing in value),

2. There is uniform vertical acceleration caused by gravity; its value is 9.6 m/s’”

3. The vertical velocity of a projectile changes by ~10 m/s each second, the horizontal motion, o 4
projectile is independent of its vertical motion,

e o ol he Grevity-fres
T
|
:
:Pnjuﬂlc
/! ation
y
\i
...................... '
Yertical Motion
Only
PROJECTILE |
( SIMPLE PROJECTILE)

t= - 3

W= --mfs Vy= - mi

PROJECTILE Il ( WITH ANGLE)

\
t= - s %
w=-mfs Vy= - mfs LD
< All vertical components have y subscripts : vy, d,, t,,
% All horizontal components have x subscripts: vy, dy
RANGE is the horizontal displacement of the projectile (dx)
MAXIMUM HEIGHT is the vertical displacement of the projectile (dy)
e
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How to calculate - Projectile Motion (From your
reference book)

This topic is often called projectile motion. Galileo first gave an
accurate an;aIySIs 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. Yy Jage

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

direction and subject to a vertical gravitational force (its weight). As Figie 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 valye vy at time t is given by v, = gt. Also at time t,
the vertical displacement y downwards is given by 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 Vx and v, 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.

¥, =0 at this point

W "UJ:/ \\._
,?\\.6“ \\\ .
_ 1y N Y .
0 Yy0 a=g= :

G ; ?‘.\ \
) N\
Y \\¥ @

Path of a projectile fired with initial velocity v, at angle 6, to the horizontal. Path i ashed in

acceleration a = dv/dt is downward. That is, a = g.

If the particle had been sent off with velocity u at an angle 8 to the hori in figure 3.20, the
only dlﬁerenge to the analysis of the motion is that the initial y — comp velocity is u sin 6. In
:Ee example illustrated in Figure 3.20 this is upwards. Because of th wnwards acceleration g,

€Y - 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 r'@bposite direction. The path is

again a parabola, S
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i i j i locity u at an angle 0 to the horizonta
For the particular case of a particle projected with ve . fro
point onplevel ground (Figure 3.21), the range R is defined as .the distance from the pom?‘a
projection to the point at which the particle reaches the ground again. We can show that R jg giv:,t

by .
(uz sin 28)

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? How
far from the base of the cliff is it when it reaches the ground?

15ms]

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 ms2 The

equation linking these is y = %gtz - Substituting the values, we have 45 = %x 9.81¢*, This gives

t= \(2x45/9.81)=3.0

For the second part of the equation, we need to find the horizontal distance x'travélled in the time t
Because the horizontal component of the motion is not accelerating, x ig

Substituting the values, we have x = 156 x3.0=45m,

R
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(Dynamics)

T

Dynamics

Newton's laws of Motion
Newton's laws of motion are three physical laws which provide relationships between the forces

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 t
upon by an external force.

ends to stay in motion unless acted

I‘: Objects keep on
X doing what o I
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.

H ay —"2
Y

Force
Force is an action that can change motion. A force is what we call a push or a p@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
change the direction in which an object is moving.

Large Large inertia Change in b\b

an object, or

motion

on bl

Inertia is the resistance of any physical object to a %ln its state of motion or rest, or the
tendency of an object to resist any change in its motio

03364864345
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This will not work. Only force has the ability
to change motion.

Balanced force

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.

Objects at Rest Objects is Rotion
(v=0m/s) (v #0us)
a=0m/s? a=0m/s?

(

Stay at Rest Stay in Motion

(same speed and dir'n) |
—
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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.” 1
Before Firing:
Object 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.”

Smali Small Change in
‘rx:s; ingtia  motion

Examples from Real Life

A powerful locomotive 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 their
motion. Once they are moving, it takes a large force to stop them. K

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 almos
unbalanced force acting upon it.

Example: A book sliding across a table slows down and staps
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 m

: Sli it sli t position. The

For example: Slide a book across a table and watch it slide to a res

on the tabll::-':op does not come to a rest position because of the .:absence of a force: rathe: i gy

presence of a force - that force being the force of friction - thaf brnngs:. the l?ook to a regt DOsit'ls thy

the absence of a force of friction, the book would continue in motion with the same sp%lgn, h
g

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 Qravity

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. Seven

applications are listed below. Perhaps you could think ai:cut the law of inertia

and provide explanations for each application.
your feet while quickly stopping when riding on a descending

Blood rushes from your head to
n be tightened onto the wooden handie by banging the bottom

elevator. The head of a hammer ca
of the handle against a hard surface.

To dislodge ketchup from the bottom of 3 ketchup bottle, it is often turned upside down and
thrusted downward at high speeds and then abruptly halted. While riding eboard (or wagon
or bicycle), you fly forward off the board when hitting a curb or rock or ¢ pbject that abruply

halts the motion of the skateboard.

—
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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 Greph C

2
. Time 3 o Time
\— I ;
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

Time

Yelecity
o

Veleecity
(-]

-
"

ma

Acceleration:
Acceleration is a measurement of how quickly an object is changing speed.

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

| \

a=0m/s2 V
N &Y
Ob Cbjects in @

v =il m/s) (v=0m/s) Q
Stayat Rest Stay in Motion
(same speed & dir‘n)

&
S
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When forces are unbalanced...
Forves are Unbalanced

|

There is an acceleration

/\

The acceleration The acceleration
upon the upon the
“net foree”™ object’s mass,
What does F = ma mean?

Force is directly proportional to mass and acceleration. Imagine a ball of a certain mass moving at
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 f

orce of the old ball.
Now imagine the original ball moving at twice the original acceleration. F = ma says that the bal|
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.

Acceleration

B Speed increases

Mass More
B acceleration

M Spesd increacern y
s fitsiteny /-
Vi

If the same force is applied to an object with greater mass, the object ate
because mass adds inertia.

More force

v—

Force (N)
i &
a —
m
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mass will resist changes in motion

When y:’u :r?d ;lwt\g.o.f;ﬁ a :ml.d ;nd the bus staris very quickly, your body seems to be pushed
b.mm. e ‘:vl "n.n";‘nl')g l|’hon your body seems to be pushed forwards. Notice that
wm”m:”m ool o pushed to the right, and when the bus turns right, you

Also consider a full shopping cart, If
art, If you try to push It from a stationary position, it will take some
effort to get it moving. The same Is true If you try to stop It when It Is moving at @ high speed, or try

to turn It left or right.
::::ot:;h,::.:{,;nmo:&rnd \:m? mass Is opposing a change In motion. In the first case, it is your body
when the bus turns alt?\o 8 ':wau before the change. Your body also tries to stay in a straight line

ur body Is st movi ugh It appears to be moving to the side. What is really happening is that
yo! bl t:” oving straight and the bus turns In the opposite direction. The shopping cart
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. '

| resist any change in

Mass will resist changes In motion. This sa
. ys that any object with mass wil
motion. Objects with greater mass will resist change in motion more than objects with less mass. In

the S| 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
(Acceleration (m/s”))a = 3 (fo.rggn(ﬂgm_____ons. N))
m(Mass (kg))

More about F = ma
If you double the mass, you double the force. If you double the acceleration, you double .
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? @(:‘
F=ma

e of an object comes from its mass and it

basically means that the forc

03364864345
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Prnamie,

Weight as the effect of a gravitational field on a mass

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

Definition of Weight

The word \_Neight 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

Newton’s Second Law
Definitions

Differential Form: Force = change of momentum F-d (mv)

or with change of time dt

Fm-mlnmxwmmﬁm F=(m,V,-m.V,)
(t-tg)

With mass constant:  Force = mass X sccslwaion  F = ma

Force, acceleration, momentum and velocity are all vector quantities.
Each has both a magniuce and 2 Girection

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 comhined action of all the forces that act on an
object. When used this way, the word net means “iiai "

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 acceleraticn.

Multiple -10N 4+ 30N | = 20Ny Net
- ; k ke ‘ ! m/>

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.

1. You are asked for the acceleration (a).
2. You are given mass (m) and force (F).
3. Newton's second law applies:a=F +m

PP Vv

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

Q@ m=0.5kg )

By Jabran Ali Kamran 76

Scanned by CamScanner



Three forms of the second law
[ Use...
— - a" yo|u want to find... And you know... 1
o cceleration (a) The net force (F) and the mass |
| m
| F = ma
: The net force (F) The acceleration (a) and the
; = mass (m)
‘m=F The mass (m) The acceleration (a) and the
a net force (F).

Finding the acceleration of moving objects

The word dynamics refers to problerns 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 increa;gs when the r_let 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 show 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 @
AN

Three people are pulling on a wagon applying forces 100N 150N 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 mas%@m

4. Assign positive and negative directions. Calculate t%?t rce then use the second law to
determine the acceleration from the net force and thetmass.
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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 force, *' 2N Oy
Coming back to...Free Fall Motion

As leamed in an earlier chapter, free fall is a s
upon an object is gravity. Objects that are sai
significant force of air resistance; they are fal
conditions, all objects will fall with the same
why?

pecial type of motion in which the only for,
d to be undergoing free fall, are not enmuce a\‘-ting
ling under the sole influence of nt

ra Sing 5
. . Under
rate of acceleration, regardiess of their maSsSu:h

Consider the free-falling motion of a 1000-kg baby elephant and a 1
w=1000kg

Il

-kg overgrown Mouse,
m=1lg

oFut | wE < Fm BN
m W0kg = 1kg
a=Ww/s/s &= imisfs

Explanation on free fall....based on Previous diagram

* If Newton's second law were
constructed, then it would be

force of gravity. This greater

force of gravity would have a direct affect upon the elephants
acceleration; thus, based on force alone, it might be thought that the 1000-kg/Hx by elephant would
accelerate faster. But accelerat

ion depends upon two factors: force and mass. ’he 1000-kg baby
elephant obviously has more m an i 5

ass (or inertia). This increased mass ha
elephant's acceleration. And thus, the dire

ct affect of greater force ©
offset by the inverse affect of the greater mass of the 1000 5
accelerates at the same rate - approximately 10 m/s/s. The ratio of fo
same for the elephant and the mouse under op

situations involvine
This ratio (Fnet/m) is sometimes called the gravitational field tre
(for a location upon Earth's surface). The - oo
within Earth's gravitational field and not a property of the baby ehsphant nor the mous
placed upon Earth's surface will experience this amount of force (9\8
mass within the object. Being a property

of the location within Eartﬁ gravitg
property of the free falling object itself, all
force per mass. As such, all objects free

objects on Earth's surface will\s ber
fall at the same rate regardless - objec
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

applied to their falling motion, and i a free-body diagram were
seen that the 1000-kg baby elephant would experiences a greater

345
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Check your understanding!

Question 1

Determine the accelerations that result when - .

1o » 6-Kg Object. a 12-N net force is applied to a 3-kg object and then
Answer 1

Determine the accelerations that result wh - ' , :

10 8 6-kg object. en a 12-N net force is applied to a 3-kg object and then

Answer: A 3-kg object experiences an j '

A eraion of 2mis: P acceleration of4 m/s?. A 6-kg object experiences an
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? ' P

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)
divided by 2 (since a and m are inversely proportional)
Question 3

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

lf,m- 80N

resistance.)

Answer 3
From = 80 N; m = 8.16 kg; Fo = 40 N, right; a = 4.9 m/s?, right
(If you are using g = 10, From = 80 N; m = 8 kg; Fra = 40 N,
right, @ = 5 m/g?, right )

Since there is no vertical acceli:

the equation Fgy =M g
The F is the vector sum of ail the forces: B0 N, up plus 80 N, down equals 0 N.@O
o/ M= (40 N)/(8.16 kg) = 4.9 m/s?.

plus 10 N, left = 40 N, right. Finally, a = F

&
o

and

I Frorm™ ——

" —

Fret™ —

Jen. nonmal force = gravity force. The mass can be f

03364864345
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Question 4
An applied force of 20 N is used to accelerate an object to the right across a

frictional surface. The object encounters 10 N of friction. Use the diagram to s
determine the normal force, the net force, the coefficient of friction (b) between calculationr:%
8pproximatey

the object and the surface, the mass, and the acceleration of the object.

(Neglect air resistance.) value of , .
iy

The coefficient of friction (COF), often symbolized by the Greek letter p, is a ‘1’3‘1’ sed o

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 friction

while rubber on pavement has a high coefficient of friction.

Answer 4
From = 100 N; m = 10.2 kg; Foet = 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” = Fyiq / 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 = Fnee/ m = (10 N) / (10.2 kg) = 0.980

1
(Drage,

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
force does the woman have to exert to keep

each dog pulls
the dogs from movirg?

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

3. Newton's second law says the net force must be zero if the acceleration is@
ce equal and opposite to the sum of the forces the two dogs.

m—

4. The woman must exert a for
03364864345
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check your understanding on balanced forces!!
Who 1 wrong here? Anna or Noah?

m amhhh. are dh(t‘&mukl? :nv.;r‘\c. object that is being acted upon by
m:deul tsmto Noah ot & | direction). During the discussion, Foorm” 200
mw‘ln et Avra s @ object under discussion could be

. uggests that if friction and air resistance could be

ignored m"“:: h?)'n ‘h:‘écg:g'bibh size), the object could be moving in
a W'bed jrrilgiver ing to Anna, an object experiencing forces
.N;.hm \ ll'guingngthaﬁuhw be experiencing a horizontal motion.

\ °°’°°" there‘& are on the object could not have any horizontal
motion y vertical forces acting upon It. Noah claims that Forav™ 20 ®

thcobjeelmustbealmst perhaps on a t

i X able or floor. After all, says
Noah, an object experien \

you agree with? cing a balance of forces will be at rest. Who do

Answer
Anna is comect.

foroest” actl"ayn;ng:at:eog?emualar: tl::ltahe doesdnot know (or does not believe) Newton's laws. If the
nced an AN . ol oo X
 the same velocity. ced the object is in motion, then it will continue in motion

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.

)

._|

¢ \
> %
Reaction  Action . \
What does this mean? (@\7
\{

~Iviect, there is an equal force acting in the opposite ditec Right

For every force acting on &
now, gravity is pulling you Gt in your seat, but Newton's Third Law says your shing up
against you with equal force. This I why you are not moving. There is a balan acting on

you- gravity pulling down, your seat pushing up. @

; 03364864345
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What happens if....

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

Newton’s 3rd Law Demo
http://www.voutube.com/watch?v=th8ii 4fZs

Rocket Engine Thrust

Exhaust Flow Pushed Backward

For every action, there is an equal and opposite 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.

Forces occur in pairs

The astronauts working on the space station have a serious problem when
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.

o EJEE

—
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The two forces in a pajr are calleq

other. If you know the Strength of onzcsg: Blnd feaction, An
also k

ytime you have one, you also have the

always equal. "
ow the strength of the other since both forces are

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

or machine that moves depends on Newton'’s third |
aw to get around. When we walk, we push off
the ground and move 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 the propeller are angled such
that when they spin, they push the air molecules down.

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 aercdyramic . The blades pull air downwards, and the reactioNo

this pushes the helicopter upwards. \7
F A A @

¥ pushes blade

e Ai}"cn blade @gé

and helicopter up

Blade on air molecules

\G’ pushes air molecules down

o —= B9
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nd velocity

as the roduct of mass a
p nal momentum is the product of the magg ar.«

Linear momentum or translatio

el

Momentum

Momentum or L
velocity of an object. ‘
Momentum = mass X velocity

i large and
t has a large momentum—it takes a large and projo
o ¢ d prolonged force to bring it to a"s%;!

i i large an

t the truck up to this speed, and lt_takes a ]
Z;trg(re\;:rgse. If the truckpwere lighter, or moving slower, then it w_oulq have 553 g]somemum'. b
velocity, linear momentum is a vector quantity, possessing a direction as we a magn g

Units: kgms™ or Ns
Force as a rate of change of Momentum
elocity of magnitude u. A force F acts on

Consider a body of mass m, initially moving with @ v : . :
body and causes it to accelerate to a final velocity of magnitude v. We can write Newton's secgny
n force and momentyp,

law in the form and a simple rearrangement shows the relation betwee
Remember, momentum = mass X vé the final momentum of the body and my i

For example, a heavy truck moving

locity. Now, mv is

the initial momentum of the body. Therefore, we have
Force = rate of change of momentum

Principle of Conservation of Momentum
ates that: if objects collide, the total momentum

The Principle of the Conservation of Momentum st

before the collision is the same as the total momentum after the collision (provided that no extemng|
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 ic il. Always remember
that the total momentum before the collision will be the same as the txizi momentum after the

collision.

So,
If these two objects collide

u1 : (1F]
—> (>

Then the result could be

o e |

The conservation of momentum states:

Momentumperore = Momentum,er
So, (P4 + P;) before= (P + P,) after

Or, MiUy + MaUy = MyVq + MyV,

But notice that in this -
easler. example, v; = 0. So that term cancels and makes fin in: r much

—
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(Dynamics)

Case 2
i the objacis change direction in the collision or are going in different directions before the

coligion, make sure that you have got the signs for the velocities
comet. ) locities and therefore the momentums

Example 2

M these two obyects colide Inkialty:

M Ellz 52\ @\ U @

uz2=0

\{\{:‘-;ﬁe ohjeCSs are moving in | | Teomes: after a collision:
Apaste dinections, we have 1o teat il vz
0N of the velodlties as nagative. F@ @—ﬁ
it Note that the direction and sign of

v ' (and tharelfore
Inktial Pamque{ama) herrap s erskore momentum)

Case 3

When objects bounce back after a collision, be careful about the change in momentum.

Example Iinitiany:

X u

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

Finalty:
u
(__.‘\Ll) |

So change in momentum = final P - ‘il ¥
=-mu - (+ mu)

=-2mu

N

Explosions -\@
Explosions are a special type of collision. Momentum is conserved in an explosion. This{ts taade
easier by the fact that usually, the momentum before an explosion is zero. The Prirciplg 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 m of the universe

before the explosion was zero.

03364864345
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So what is [ts momontum?

F=ma
But,a= !TE

v-u) _ mv-mu_ change in momentum
So,F=m L——t_) : time

t

rvation of Momentum elastic and inelastic collisions

Principle of Conse

perfectly Elastic collisions
well. Relative speed of approach ,

m is conserved. Kinetic energy ls conserved as
?e“lart‘i‘\?emse;et:d of separation. (So If one is catching the other at 10m/s before the collision, it will b

moving apart from it at 10m/s after the collision)
Perfectly Elastic collisions are surprisingly common. All collislons between atoms are Perfect

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).
Kinetic energy is not conserved.

The relative speed of separation is zero.
(In other words, that means the objects stick together after the collision, they will move together, s
just consider them as one object whose mass is the same as that of the two original masse!
combined).

Why is kinetic energy not conserved while momentum is conserved in a perfectly inelastic
collision?

It goes into heat, sound, work done to deform the colliding bodies etc. Other forms of energy, in
other words. Momentum is not a type of energy. Momenti and energy are totally different
physical quantities with different physical dimensions. (Encriy 19 the capacity to do work)
Conservation of momentum in a system occurs provided that [wre dit no external forces acting on
a system. This is a consequence of Newton's 2nd law and Nevion's Grd Ivis Newton's 2nd law
says that the net force acting on a body is equal to the rate of change of itg’tomentum. This is the
full, general statement of the 2nd law. F = Ap/At. If the mass of the body'is cehstant, this reduces
to F = m(Av/At) = ma. Therefore, if a net force acts on an object, its ill change with
time. If there is no net force, then its momentum will not change.

Foa 5400N, up Fom 15 200N, down Fo. ks

E.,=1200N
Ra=600N e =50
Rria=20N
¥
Fouv=800N Py =800N Fy=50N
o |
B
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How and when momentum is conserved ?

Now, consider a system of interacting particles. The particles are moving around randomly. Every
once in & while, two particles (1 and 2) may collide. While this is happening, particlie 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 M
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
particle 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 intemal 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 extemnal force,
F = 0 @and hence Apy = 0. In the absence of external forces, momentum is conserved.
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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 anothe; 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 o
the force

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

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

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

s is the displacement of the object (imetre r;

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)

[____Sesnerlo Work done on object | Example |
Force does not move the Zero A man pushing a wall

| object : I B
Force is perpendicular to the Zero ‘Walght of a trolley moving
object’'s movement along a 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 motlon.
object's displacement.

i Note:
In the above example, positive work done on an object increase the Even though work is a

kinetic energy of the trolley, while negative work done decreases its | scalar, it can be

kinetic energy. Zero work done means the kinetic energy remains | positive or negative.
constant.

Work done by a constant force

Sample problem -1

Fig 6.3 Positive work done

The following are examples of work done by a constant force.
(a) Work done by the man on a box (Fig 6.3).
W = Fscos 8
= (10)(10) cos 30°
=86.6]
= 87]'
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Sample Problem 2 - Solve It
RQ 64 Negative work done
(b) Work done by the man in opposing the sliding box (Fig 64).

W = Fscos 0
= (10)(10) cos 120°
s—ﬂ)]
slowingdown
10
\
ay L
10m —

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

{c) Work done by the frictional force in opposing the sliding

box (Fig 6.5).
W =Fscos 8
= (2)(10) cos 180°
constant velocity R
S A
- 12 m >
Sample Problem 4 — Solve it
A man pushes a box of mass 5 kg with a force of 2 N @iung a horizontal fljaﬁbqless surface. The
box is moved through a distance 3 m. N 3m
 —
Calculate the work done on the box by F ! i
-»> :
(a) The pushing force: .: !
(b) The normal contact force; L

(C) he Welgll of the box mg %
\)/
. .{;

(a) W=Fscos0=2x3=6J

(b)w=0J
(force perpendicular to displacement)

(c) W=0J

03364864345
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gxample 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. -

Calculate the work done on the box by
(a) The tension in the rope

(b) The frictional force 60°

(a) W = Fs cosé = (10 cos 60°)2 = 10 J ' |

(b) W = (-6)2 =-10J - —
5N 2m

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)(12.3m)=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

i F -
' -’l
: | > x
Xy X2
If Fis constant,

work done is given by W = F(x, - X,)
TF
X¢ O :;

Work done = area under force-displacement graph
\?

>
@
S

|
i
1
g
i
L

> X

g R —

2
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st a constant external

h Is expanding again

For work done by a gas whic
pressure

Extemal pressure, p

Ax(distance moved by piston)

Symbol

F is the force exerted by external pressure on piston
p is the constant external 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 to it is given by F = pA.

n is allowed to move outwards slowly by
and F gas = F

(PA) = Ax=p

For a gas with pressure = external pressure p, if the pisto
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 =
(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=paV o
| Note:

AV = V final — 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 pis constant, ) />

Work done is given by W = p(V; - Vy)
/FP e

Vi Vs v
Work done = area under pressure volume graph
By Jabran Ali Kamran 92 03364864345
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When ges expends T Whengesis |
" Piston moves - R - _compressed |
"~ Force exerted by gas on i Outwerds _ _____Inwards |
surroundings and n same direction In opposite direction
| displacement moved |
[ Work done by gas on ; T : -
| surroundings_ Fostike Negative |
Work done by surroundings S N _
onges 0 | Negative Positive
We say Gas does work on Surroundings do work on |
— surroundings __gas. B

Try to solve It

Agas in ? 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

1ecm=10%m

1cm*=10%m®

W=paV=11x10°x25x10°=275J

! F
frrt—
gas '

External pressure,
P

" Ax[disiance moved by piston)

Derive from Equations of matiun (KE) \

1. The kinetic energy (K.E.) is a positive scalar quantity that represents the energy @}‘I’ d

with the body due to its motion. *

It is equal to the work done by the resultant force in accelerating the b rest to an :
instantaneous speed V. @
l
|
!
.- I 3 |
Where E, is the kinetic energy of the body movm v (J).
m is the mass of the body (kg).
v is the speed of the body (ms %
o 03364864345
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Derive, from the equations of motion, the formula E, = % m v?

w v
— —ip
m —> Fu m (s Fra
S

Body inlialy at rest u=0

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

mas = E, 2. Work done by net force = Change j,

o ' K.E of body (W = % mv? - % mu?)
eSngv =y +2as:kmv -%m (0 =E
Sample Problem 1 - Solve it

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

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

Using work done = change in K.E.: Using Kinematics equation
_1 .1
W—E -Erﬂu2 v2=u2+2as
(- 5000)s = 0 - ~(800)(30)’ 0=302+2[M)s
2 ' 800
s=72m s=72m

©
—
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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:
En_ergL Source
Mechanical
Kinetic energy Energy possessed by all objects in motion
1. Gravitational | Energy possesseq by an object by virtue of its position in a gravitational field.
_ PE |E.g.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, fqod, chemicals in electrical cells

Nuclear Energy_ln nucleus of atoms due to nuclear composition. e.g energy released

_ in atomu? bombs, produced by nuclear reactors.

Radiant Energy in the form of electromagnetic 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 be replaced or replenished each day by the
Earth’s natural processes. E.g. wind power, geothermal,

solar energy, tidal energy.
Non - renewable sources

Non - renewable sources of energy are those that are finite or exhaustible because it takes several
million years to replace them e.g. fossi

Huels like coal, oil and natural gas, energy sources that
tapped from minerals e.g. nuclear energ

gy trom the fission of Uranium nuclei. V
Gravitational potential energy, Eiectric potential energy and Elasti ’

ntial
energy
1. Potential energy (P.E.) is the energy possessed by a system by g ¢<of the relative
positions of its component parts. Q~
i 2. Gravitational potential energy (G.P.E.) is associated with the_i on between bodies
i due to their masses. &
\ 3. Electric potential energy is associated with the interaction bStiween bodies due to their

d electric charges.

Clo
4. Elastic potential energy is possessed by an object g :

! tate of deformation.

| By Jabran Ali Kamran 95 03364864345
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(Work Punes And Py,

|fferent forms and ite conversion

Olve examples of energy ind
mmmmﬂﬂl‘ﬂ'
Muumwmnﬂﬂﬂdmﬂﬂm”

' Wlmwutum.wm/mwnﬂu
‘ mﬂmmﬁmmmnmmwmmuwmmmm
More Examples of Energy conversion
off a diving board
bending the diving board. The y,

Example! Diver Jumping
| potentlal energy fo do work in
The driver uses his gravitational p D e ey O e

) ial energy, which Is then conve
done Is stored as alastic poten #1% o some of the voy o ,

the
as he is pushed upwards and off the diving board. At
energy s lost ap heal and sound due to dissipative forces In the diving board.

Example: Burning of fossll fuel
and wood are burnt, the chemical energy stored in these materialg i

When fuels such as oll, coal
converted Into thermal energy (heat) and light energy.

Example: Hammering a nall Into & wooden block
muscles 1o work against the gravitational pull in order

A person uses the chemical energy In his
d Into the gravitational potential energy of the hamme,

Iift the hammer. The work done Is converte

In Ite ralsed position.
As the hammer falls, It gravitational potential energy I8

hammer hite the nall, its kinetic energy Is used to do work In dr
producing sound energy In the alr and thermal energy In the block, nall and hammer.

converted into Kinetic energy. When the
iving the nail into the wooden block,

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

permanently deformed.

Example: Bouncing Ball
As the ball falls, its gravitational potential energy is 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 80 d energy.
The elastic potentlal energy is converted back into it cheigy as de '
shape. The kinetic energy Is converted into gravitational polential €

upwards, untll it reaches its highest position.

—
03364864345
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(Waothe Remar and Levet)

internal Energy
Note:

Matter consists of atoms and molecules and these The Inernel energy doms
oo Gy dows
of paricies having kinetic energy and Potentia mrgy,mm v e it dbgiod. R

We can define the Intemal energy of a system as the sum of | Systam and i surroundings.
the kinetic energy of all its constituent particles plus the sum of
all the potential energy of interaction among these perticles in the system

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

1. For :)r;c':"tical devices to work, energy input is nesded. Most madern practicsl devices run
33 electrical energy (e.g. television, computer) or chemical energy (6.9, vehicle).
hen a practical device works, it converts the energy Input ino both useful energy output
and wasted energy output,

2. Efficiency of a practical device is a measure of how much useful work that device produces
form a given amount of energy input,
Its vrfalue does depend on what energy output we consider as useful.
Efficiency is dimensionless and can be expressed as a ratio or percentage.
useful energy output 4 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 energy),

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
as It accelerates from rest

Efficiency, n =

accelerate the car from rest to 60 km h', given that the
to 60 kmh'”,

energy supplied by 1 litre of fuel is 1.5 10" J | o
60000 | Q /J\\"
{ r 60000 .
=KE. of car v (B C e 111111
Useful energy output = K.E. of car = (0L 0 ] 1 J ( (//j/
J
- useful energy output .., ) 189 = 1111411  100%-C o
energy input enerqy input ((/ o
) energy input = 617264 J/// N\
/ J
617284 . (05
nt of fuel = =0.0047 litres SN
Amount of T3, 10° ) //
¢ _J) ’
U
A
By Jabran Ali Kamran 97 03364864345
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Derive, from the defining equation W = Fs, the formula Ep = mgp 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, ‘e
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 j

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

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

Sample problem

Figure shows a dam with storage of water. The outlet of
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 = 196 J Figure 518 Water stored behind the dam has

gravitational potential energy; the fast-fowi
Step 2: Calculate the k.e. of 1 kg of water as it leaves the leaving the foot of the daﬂas kinetic en\f:giwatef

dam:
/

k.e. of water leaving dam = %mv2 (

loss = 196 - 128 = 68 J

percentage loss = 16?86 x 100% ~ 35%

lByJabran Ali Kamran 98 03364864345
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(Work, Pewer and Power)

pefine power a8 work done per unit time and derive power product
force and velocity. nd derive power s the o

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)

W 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. Ifforce F and / or velocity is / are not constant, then

(i) The average power <P> is given by <P >= otal work Cone

total time taken %
(i) The instantaneous power is given by P = Fv, where F and v take the vale
instant considered %
Sample problem 1 V
(J

ta! resistive force

A car moves along a horizontal road at @ constant velocity of 15ms”.
experienced by the car is 5000 N, calculate the power output of the car's @ogine

o~
/
At constant velocity, Fnet = 0 S\ .
.. F=5000 N @ -
P=Fv <§>§ ‘L
N
= (5000)(15) % 5000
=75000 W %
By Jabran Ali Kamran 29 03364864345
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Sample Problem 2 - Solve It
A trolley of mass 7 kg is initially rest att =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;

(iii)  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 cyborg att = 4 S;

(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 S;

(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=12mg?
(ii) VEu+at=0+12(4)=48ms"
@li) Ec=%mP=1 (7)(48)* = 8064 J
(iv) S=ut+%at’ =0+ % (12)4) = 96 m
(v P=Fv= (95)(48) = 4560 W
Vi) <P e =% (4560) = 2280 W

il -— Wfriciton - Frs - (1 1)(96)
(vii) <Pissipates> = — y i —a
(viil)  <P..> = 2280 — 264 = 2015 w

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

=264 W

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

Ve
If this force F moves the body along a distance Ax in its direction, then e W/B’k done W by this
Fis W = Fax,

S

However, by conservation of energy, this work must be compergated-by a decr

potential energy, - AU. |
\ °
W=FAx =-AU ‘ @
=.au
AX @
—
dx l
, 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)

~ is the change in the potentia) energy of a point mass/ charge with a varlation o !

the distance from the source of the force field (units : J m ).
sample Problem ~ Solve it
A mass experiences a gravitational force of 24 N in a uniform gravitational field. Calculate the
change in its potential energy if it moves 3 distance of 5.0 m

(a) along the same direction as the gravitational force: :
(b) along the opposite direction as the gravitational force.
\ (c) In a direction perpendicular to the gravitational force.

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

(@) AU=-FAx=-24x5,0
=-120 J (decrease)

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

e

(c) AU=-FAx=-24x0
= 0J (no change)

Iay 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 = Srain

The elastic modulus determines the amount of force required per uqit deformat'ion. A' material wit,
large elastic modulus is difficult to deform, while one with small elastic modulus is easier to deform

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:

Y= tensile stress _ F/A  _ FL,
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, Ly is the original length of the object, A is tr;?jectional
of N/m 2,

B AT
S

1

.jv

Hooke’s Law

Hooke's Law states that, for relatively small deformations .cf-an._
object, the displacement of the deformation is directly prop{giiiena!

to the deforming force or load. Forces can cause objects to dé‘?qrm.\i
The way in which an object deforms depends on its dimensiob\,
the material it is made of, the size of the force and direction of the \s
force.

2
ForceN

Sea~ovruna
J
AN WA

T

$ 3143
|

-

2 69 8 0RUNNS
--d~.

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

o 2‘ g‘e Lj
om |

R
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(Deformation of Selids)

1he graph wil be straight line

This foroe shows that Force is proportional to extension. This is | Note:
Hooke's |aw. It can be written as: Because the force
J

F=ke
Where:
F = tension acting on the spring.
e is the gradient = (Ho): is the stretched length and I, Is original length, and.
k 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
extension. The value of k

The spring constant k is measured in Nm™' because it is the force per unit
ade

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

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

v @}

Extension, e

m above, if you extend the spring beyond point P, and then unloa pletely; it
permanently deformed. We call th the elastic

: ~- rces stretching or

elastic behavior.

In the diagra
won't return to its original shape. It has been

limit - the limit of elastic behavior.

If a material returns to its original size and shape when you removyg
deforming it (reversible deformation), we say that the material is demoRStaY

If deformation remains (irreversible deformation) after the forc smoved then it is a sign of

plastic behavior. g
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Calculating stress

Sirees
Stress is & 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 Q,w‘w
stress is the same as the formula for calculating pressure: c-—,;

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

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

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

The formula for strain is: e=lﬂ_f-1—’-li-1

°

Where is the original length of some bar being stretched, and | is its length after it has beg,
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/A
Strain | Extension per (epsilon) € No units (because
" original length = it's a ratio of two
J AL/ L lengths)
Young Modulus |  Stress / strain E N m*=Pa
Tensile strength & Yield strength
Tensile Stre

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 putted before failing or

different
\

Yield Stress or Yield strength or Yield goin

and will return to its original shape when the applied stress i

_.—
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(Deformation of Sollds)

r cen b; .:: .r:.m.?"'"y determined from the slope of a stress strain curve
created during tenslle tests conducted on a sample of the material.

value ofnﬂ"m‘Yﬁunm Modulus Is quoted for various materials but the value Is only
approximate. TI8 {8 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,
ding on the precise composition of the alloy and any heat treatment applied during
nufacture. If a big force only produces a small extension then the material Is 'stiff and E Is a big
value. If & force produces a big extension then the material 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 support

Ci
k':""?.'x';'y' Length of wire to
the xad orce | | B4 leec (ngecs o
'mg:" :z,g:: longth (diagram Is
not to scale)
Reference Vernier scale
acalo fixed to moasure
ton oxtonsion and
control thorefore the
wire straln
Mass hanger to
vary tho force
appliod and
Wolght to therefore vary
koop 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 stretching. @

Care must be taken that the lxat of proportionality is not exceeded. This can béchecked by
removing the load after each adtitioni of the weight. If the limit has not been the wire
should return to the length it wis before the weight was added.

The wire is as long as possible (usually about 2m long) and it is as thin ;
an extension as possible can be recorded. (A typical extension for a 5 } will be 1mm).

The vernier scale is read and the result recorded as addition g
o 100N - are then added and a

Neights - usually starting at ON and increasing in 5N incr . .
eading of the vernier scale is taken at each addition eriment should be repeated twice

Ind any anomalous results repeated and checked.

03364864345
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A graph of load against extension is plotted. It should be a straight line through 'heoﬁgin

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

n
~ ~lo>|m
n

x Gradient

>|

Proportionality limit and Yield strength

and Elastic limit
Maximum amount a material can be stretched by a force and still (or may) retum to its gy
shape depends on the material. Qing|

Y en
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 1o 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.

|
g . . ( . .
(stress) Elastic Region ! Plastic Region
s tamape | Pemeneney aaamed by e
' A ~._ fracture
'*-—ﬁ_._npoznt
®
limit of [~~~
proportionaiity
¢ (strain) L
|
g
03364864345
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(Wetermatien of SoRlt/

exploining Graph in the previous slide.....

The stretching DENaVIOr is summarized in » stress-strain gragh i the revious siie. he 8 Wess
. intially Hooke's Law is obeyed - the stress-stsin retationstip r e wrs 18 sl &
M.waorethommrwbrmmwmmdvmt'm”w
.Mmmmmmmmuwm-ﬂm,wuﬂ
, the material enters the plastic deformation region, which mesns that the swescr of ¥

wire is permanent. (For example, if the wire is stressed 10 point A on the gragh and s siess ©
slowly decreased, the stress-strain curve follows the dotied ne nstead of the ofgral cxvm %
B and there is a permanent extension when alf stress is removed.) At the factxre port T

wire snaps. Differences in the shape and limits of the stress-stran diagram determues whether 3
material is considered ductile or brittle, elastic or plastic,

ASiBs meteral Tim matlars & S STy s Vare & WS
| Sl s 4 by wrens T eahpn o 3 YW mmard & S oY
o { W% 7 o, hagwie. Swisymginy (pman 4

stress
/Pa

T e e
PrRLE
e & & WEE
A ey AT
AL P
dpegts SIFLE
R A

Fappnotr ST P

z (stram)

strength, Ductility & Toughness

g hegh strength, low ductifity, low toughness

| /:/ y
H i// P /.4
¥ S\
| high strength, high ductiity. C’/ Y
’ high toughness //.; \ ,/
\ow strength, 7/
high ductiity,
low toughness
swain
&
~\ /
~—
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High Yield strength & Low yleld strength

Energy in deformations

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 * Theforce (stress)  Force. F
B : elastic limit increases lineasty , D
CD" Y"::tl:?“' i with the elongadion | E
'ﬁp:’mm"m:;‘ mum (strain) until point
E : fracture (breaking) A F?mnt Ais the
int limit of
proportionality.
oT exiension, e

A [Lllmll [ proportionalit = :
: 3 - . OA : limit of pro jonali
* The straight line FOICC, F Fea. l;:l .mll f proport ltyJ
graph (OA) s = ke orce. F

Hooke's law which
statey that "Below
the limit of
proportionglity, the
restoring force, F, is
directly proportional

to the elongation, " OT m -
-~ e mn‘ e

1 D Where
a

constant

_/
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. r -
= Force F
i = fowey (Hoske ) ’ D \E

o | B - elaetic frmi ]

< Thee azes berween the
veons paralie’ e (A0~ FOTCE F
and CTy represents the p D
werk deone W prodace

E . fracture (breaking)

(Deformation of Solids)

B: m-md-khld[’ - elastic himmit

wmuimu_m FO"“-F

material is permanently D E
stretched and will never

regain its original shape B

and length. If the force

(stress) ks removed, the i

e e e < vickd poion '
ot of the Force. F

material.

The plane (layer) of the
atoms slide across each
other resulting in a
sudden increase in
elongation and the
un;eﬁalthins

i_ pomnt

This iz ihe neist wiere
the moernz! breays o Force. F
fractures. ’
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(Deformation of Solig

o Ductile sf:"‘i"m’" Graph o Brittle 4, e
matcrials - o matc}:-lals -la (:' ‘
undergo plastic | ™ not show plastic NSt

deformation // behaviour

before breaking. 1 ; /Glass = (deformaluon). 253 -
© such as steel, // naiien o such as glass. "

copper, / o

aluminium.

¢ Slra"m._-u Stam:

P

z N
L ere s
S e R ey

is defined as the ratio of the e Its dimension is given by

# Definition-
tensile stress to the tensile strain if the by I’ ]
limit of proportionality has not been [)’] Y L LU0 S V's ey
exceeded. Ale

e The unit of Young's modulus is
kg m's*@ N m= @ Pa.

By Jabran Ali Kamran
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Oscillations & Waves

constructive Interference

+ Refer the figure on right with two waves arriving

at a point at the same time i \
me in o
directions, pposite

o If they arrive in Phase - that is, if their crests /\/\/
arrive at exactly the same time - they will '-"/\'*'/\J:

interfere constructively.

» A resultant wave will be produced which has
crests much higher than either of the two
individual waves and troughs which are much deeper.

o |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

o Refer the figure on right with two waves —
arriving at a point at the same time. r
» Ifthey arrive out of Phase - that is, if the crests |
of one wave arrive at same time as the troughs
from the other - they will interfere destructively.
e A resultant wave will have smaller amplitude. |

|

(based on case to case) ; 2o
L. . . I Destructive interference

« In the case shown in figure where the incoming |
waves have equal amplitude, the resultant wave has zero amplitude.

=

i

Wave 2

Interference and Superposition of Waves —_ =
o When two waves meet iri2y Wil interfere and superpose. After =~ ~ %
they have passed they coturn to their original forms. This is — — 7

true if they are coherent or rot.

« At the point they meet, the two waves will combine to give a / \___>

resultant wave whose amplitude (or intensity) may be greater

or less than the original two waves.
« The resultant displacement can be found by adding the two (__)_ D W
henomenon leads to the§)l \ [\
o

displacements together. This p

Principle of Superposition.

03364864345
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Note: Displacemant |g 5 s

80 remember to add the andiv;f,"’r.
displacements taking accoyn
thelr directions. " of

The principle of Superposition

® The Principle of Superposition states that when
two or more waves meet at a point, the resultant
displacement at that point is equal to the sum of
the displacements of the individual waves at that

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. Olsg

Active noise cancellation utilizes the principle of superposition to pick up the ambient Noise, Invery
the wave and generates this sound wave within the headphone. This inverted wave cancelg ths
ambient noise, preserving only the sound waves that the listener wants to hear. s

. s Note: The transverse shown in above
ncellation Works: figure is for the demo of cancellation of
noise only. Remember, sound waves are
to be represented in longitudinal form.

How Noise

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 an %manently at rest
(nodes), others between these nodes are vibrating with varying ar ﬁiu and those points

with the maximum amplitude (antinodes) are midway between t

noaes

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.

* Forexample : If we know exactly the frequency of any ying
over your building every day during takeoff and landing) an : Wa‘fe
r waves In

length of sounds that machine creates..create a product that dan
opposite direction, so that they undergo mechanical interference anhd

neutralised.

I By Jabran Ali Kamran 112 03364864345
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(Oscillations & Waves)

ESETTTY

aracteristics of Stationary Waves

There is no sign of any progressive wave in either direction.

ch

I
i Individual particles are oscillating with the same frequency, except at the nodes.

The amplitudes of oscillation of the

Particles vary from i :
zero at the nodes (N). ry a maximum at the antinodes (A) to

"
jil.

T RN TR T RS AT

. Al particles in the same segment or loop (region between 2 adjacent nodes) are vibrating
in phase. Adjacent segments are anti-phase.
)
Adjacent nodes or adjacent : Yi 2
v. / J antinodes are half a ,,1 A—2—A4A

wavelength apart, i.e. NN = Ap = £
2

vi.  Anode and the next antinodes are i apart
4 ] ~2a1

| | '_1—'{ tme ¢
vii.  Energy is trapped (stored) in stationary waves, since z
there is no energy is transferring away,
Formation of Stationary Waves in Strings
e — |
- Fundamental mode |
N S or 1" harmonic ]
-t :
!
I
,,—'['-‘\ 2™ harmonic "
S !
) Sa " |
=2= 22 |
|

s = 3 _
oo 1 ‘ﬁ{” ‘i 3™ harmonic
(C) - -‘J "'fx.t._"iﬂ‘,c/ 'q..,_”v”ﬂf’ @V
L BA

Let a string be stretched between two clamps separated by a fixed distance

S ‘1 yltaneously.

The simplest possible pattern of the stationary wave consists of one lo@fundamental mode), with
the nodes at the 2 ends of the string - diagram (a). /Q

The next simplest pattern has 2 loops, and the next has 3 I§ 0%,

When the string is plucked, struck or bowed, it can vibrate in several modes

In'short, just add nodes between the 2 ends, for subse@t modes of vibration.

.

| By Jabran Ali Kamran 113 03364864345
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(Osclllallon! & W
s in air in Pipes

d In both closed and open pipes.

inated from the open end, the soyng
drical wall and from the closed eng

Formation of Stationary Sound Wave
Stationary sound waves in air can be forme

s origi
In a closed pipe, when a sound wave i
propagated into the pipe is reflected by the cylin

A stationary wave is then formed.

1.
2.

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 wayg
propagated into the pipe to the other open end where it is reflected by the walls and oy

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.

V'" P %\. s ~~b-
N"r’f K
!3"- "\m A —‘@-}+
z Closed Pipe %
(at one end)

The resonance of sound in pipe may be va
wave, or length of the pipe. y fied by changing eithertpe figque sound

E—

03364864345
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Oscillations & Waves

pormation of Stationary Sound Waves in air

SOnAl penersey

noen frecuency

' sound in ai
?tar;lg:]‘:t?lated usir\:va;,r?es én ta|r can be Note: In A level Physics syllabus, this
e g et-up as shown above. part appears in previous chapter ‘waves'.

=
=

The incident sound wave is generated by the loudspeaker attached to a signal generator.

. ggsitiénnc;ccjjegtt ;Ni\gz eI)S {_e;]ﬂecti]d by the metal reflector (which must be appropriately
. . The reflected wav inci
SElionEyWalE: e and the incident wave superpose to form a

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 wavelength of the sound wave:

Measure the distance moved by the microphone, d, between 2 successive maxima or
minima (e.g. d = 33 ).

Since this corresponas to " the wavelength 2= 2d =2(33 cm) = 66 cm ZV

B. To measure the frequcncy of the sound wave:
By measuring the pericd, 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'). % e microphone

where the CRO shows a sinusoidal trace. The period, 7, is detepm measuring the
/ distance between 2 crests or 2 troughs, (e.g. 4 cm).
v R
ﬂ_v the period, ~ T= 4cmx0.5mscm ! §
\Y = 2ms =2x107s
| 1__1 _=-s500H
o Hence the frequency, f= 5,—= 7% 10° = z

- -1
C. Hence, speed of sound can be calculated frorr@l = (500)(66 x 10 %) = 330 ms

03364864345
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Oscillnlions & Wa
Yo

A string is stretched under constant tension between fixed points X and Y. The solig line

. S
Stationary wave at an instant of greatest displacement. The broken line shows the oth Nowy
displacement.

Sample problem 1

er extremz
Which one of the following statements is 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 another
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” (e, distance
XR). Hence, PQ is only  wavelength.

B Incorrect. R is @ node, hence it will permanently be at rest.

C Correctl In g stationary wave, particles in adjacent loops will alw

each other (i.e. P' wil| move down, and Q' will move up).

D Incorrect. The energy is alternating between
particle in the wave,

E Incorrect, The lowest possible frequenc
be one “loop” between XY.

Sample problem 2

ays be moving opposite to
KE and PE, depending on 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 opeh engs), the stationary
wave (in fundamental mode) formed looks like (2)

IN(1):L=y151-41

A In(2):L=y%1-51=2L
Given that the frequency = f " If the freque L %
Usingv=14 —)f=%=zvz 1 Using v = 3 )3
v v
(1) 2
R
4864345
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gample problem 3:

AsuspensionbﬁdgeiswbebuﬂlaaossavaleyumereﬂisknownmmewhdcmgmldSS

mrvas,ltisesﬁmatedﬂwtmespeedofvansversewavesabngﬂespandmbrmemldh
-1

400 ms .

mwammmmsinmmemmmmmlﬁeqwmmgmnm

'p'nh.dalengthof__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 7, the
bridge will resonate with the fundamental frequency.

Given that the wind gusts at 5 s intervals — f, =—1—=—51—=02Hz
v _ 400
v=fl o i=—-=— =2000
Using - F 02 m

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:
%A=06m 5.=24m

2

=125 Hz

2.

~l<
H

ffuw

For 2™ lowest frequency:
%4=06m ->1=0.8m

f =K=@=
20diowest 208 375Hz

Hence the two lowest resonant frequencies
are 125 Hz & 375 Hz.

o

l By Jabran Ali Kamran 117 03364864345
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A taut wire is clamped at two points 1.0 m apar, It s plucked near one end.

What are the 3 longest wavelengths 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.

Step 3: Relate the length of wire to the corresponding wavelength. 1, in each case

Y%A=1.0m 1=10 (1.5)2A=10m
~ A=20m =Lem = 1=06Tm

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 progressive waves of the san ype, wavelength ang
amplitude travel in opposite directions superpose in the same medium

s A

‘.,pg.\

1= ir tair e by 1- =)
|V ol
T -
In the diagrams above, of the two progressive waves in a string, 0 theie& ane
the other to the right (b).

The resultant wave (c) is a stationary wave, obtained by applying the

| By Jabran All Kamran 118 03364864385

Scanned by CamScanner



(Oscillations & Waves)

a) There are positions along the string which do not move - called nodes (marked by dots)

b) halfway between successive nodes are antinodes. Where the amplitude of the resultant
wave is maximum (double the amplitude of the individual waves).

c) wave pattemns 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

\ change).
| Comparison between Stationary and Progressive Wave Motions

'f a —e-wave velodly v
e ———

as
x 4
—a
PO
; | Stationary Wave 5 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
| ' } maximum of 2a at the antinodes. . (amplitude = a).
| | B S
i Frequency | All particles vibrate in SHM with the saime | All particles vibrate in SHM
frequency as the wave (except for those ai | with the frequency of the
| the nodes which are at rest). wave.
l Wavelength | 2 x (distance between a pair of adjacent | Distance between adjacent
nodes or antinodes) = 2NN = 2AA. particles which have the Q§
same phase.
r _ . P A
Phase Phase of all particles between 2 adjacent All particles within one Y{‘)
nodes is the same. wavelength have gi n
phases. (-P\
L Waveform | Does not advance. (The curved string Advances & velocity of
becomes straight twice in each period.) the wam
Energy No transfer away of energy, but there is Ene fransferred in the
: energy associated with the wave. directi travel of the
? praves

| &
, ¢

‘_ | By Jabran All Kamran B 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 |n
phase with each other, but are in anti-phase with P. Hence, only 3 are in phase with P

Diffraction 1

> Diffraction is the spreading of waves through an

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)

The extent of the diffraction effect is dependent on the relative sizes of the aperture to the
wavelength of the wave. f

The smaller the size of the aperture, the greater the _
spreading of the waves (if the width of the aperture is IR R RR
about the same size as the wavelength, A, the ) [] (/) /]

diffraction effect is very considerable). |
Size of the aperture refers to the width of the slit or gap. ! f

Experiments  which  demonstrate diffraction | Note : Huygens’ xpl atno
including the diffraction of water waves in a ripple | Diffraction is no enti in syllabys.
tank with both a wide gap and a narrow gap

spreading or diffraction of the waves.

Scanned by CamScanner
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(Oscillations & Waves)

« The diagrams below show the plan view of diffr

action of plane water waves through gaps of
different width, in a ripple tank. Note that th

e wavelengths do not change after passing

through the gap.
N
%)'\ \C\ 3N
i |
J J L g
>
Difﬂ'dcllorx effects
qgel 1255 obvious

asthe gap gats larger

Itis the relative sizes of the aperture to the wavelength that is important.
Application of Diffraction

* The forms of jetties are used for directing

currents and they are constructed sometimes
of high or low solid projections.

The diagrams below are Incorrect Why?

ﬂ \.
_31 )

. | A\
In (c) diffraction effect is right, but wavelength increases,

. ' \
Which is incorrect, Note: Huygen's expl§. at\lbgc;%

' diffraction is not m d in
N (d) diffraction effect is too much for the given large slit | syllabus
size a (DX

nd the wavelength should not be increasing. ) NS

@
5

121 03364864345
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Interference
of

is the superposing ' il
” (lir;;:;;ecr::gn is given by the Principle of Superposition

two or more waves to give a resultant Wave
Yih
Oy

.

c‘ .'I : ,'. K =, f- N ’; 'Il
o A N 4o (N
e
Constructive
Destrudive irterference
interference

e 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
(ie. 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 Slit Experiment ] ,

Screen with
S&ngtf Slit

‘Sc h %lﬂ;acted
oherent
avefront

»>
Bright Interference
Fringe Fringes
_/

l By Jabran Ali Kamran 122 T 03364864345
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ey

maen
min

First & reen mas

Ky anine] wepvwy, rmin

™ax

(b)

In diagram (a) above, the narrow double slits act as wave sources. Slit Ss and Sz 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 arive 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).

a
!

Brgvi ioge

Gar liege

Brighl hinge '\\
Dark nnge (D\y
Central Bright Fringe \{u
Dark fringe §
Bnghnt fringe Dvs
Dark innge /@\
NS~
Brignt fnnge
9

&
!

Prtrttd

[}

. i i (
Schematic diagram of Young's double-slit experiment is sho?ga@-

XV:V is a single source S used (in front of a single slit, i 1e@f using two coherent sources of
ght?

By Jabran Ali Kamran 123 03364864345
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Two-source interference with water

An interference patter involving water waves is pdeUCth by t"t“ﬁe";ﬁ]’:gng sources gt y,

surface. The lines represent crests, and the spaces be \t/veﬁn s “t’.p' SSent troyqy. "
regions where the lines intersect (spaces also mterSQC)rfave ructive rnterferenc:' Thg
regions where lines intersecting spaces have destructive interference M,

, Constructive interference
/

\ “—__ Destructive interference

AN
&é'é o/

: AA

A7
i &

N

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).

o+ The principle of superposition must apply (the sources must produce the same type of
waves).

e The sources must have (approximately) the same amplituc.

e For transverse waves, the sources must be unpolarised or poiarised in the same plane.

e For light waves,
% the wavelengths used should be in the visible range (400 11m 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 happefis
fluorescent tubes or the sun.
» As an electron jumps to its higher level it reaches an unstable gxc

Y
=
=
()]
o0
[\V]
<
(0]
(@]
w
o
c
=
(@]
V]
w
o
=n
o
=
—
—
=y
1)
-}
—
o
D
o
=
QO
w
D
a
=
D
a

practical life.
> To have a constant phase difference between two waves (€.

constant phase difference and two waves (from the same source
some path difference.

By Jabran Ali Kamran 124
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Conditions for constructive interference

The 2 thick lines ir)tergecting at P represent the paths of water waves from the 2 sources to
produce a constructive interference at P,

Length SoP = 147., length S1P = 13). — their path difference = 147, - 137, = 7.

for other points witlj constructive interference, the path difference must be ni. where n is an
integer. The assumption here is that the sources are in phase.

Conditions for destructive interference

The 2 thick lines intersecting at Q represent the paths of water waves dinthe 2 sources to
Produce a destructive interference at Q.
Length S,Q = 145, length S4Q = 1247 — their path difference = 14). £J23
For other points with destructive interference, the path differencezuys
Integer. The assumption here is that the sources are in phas, @

5
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Using the equation z:%" for double-slit interference using [Note:
: tsyllabus, You n%
light 0 Pl ey
understandi &
. VOUng's d '}
Young's Double Slit eXperimenct)}'be .
you dont p, ™
Prove/deriyg 5

W

In the double slit experiment; bright & dark fringes alternate at equal separation.

The double slit interference Is given by the equation

D

Do headlights from a car form interference patterns? Why?

A X

a D

is the wavelength of the light

is the separation of the slits

is the separation of the fringes on the screen (fringe spacing, separation between centres
of bright fringes, or centres of dark fringes)

is the separation between the screen and the double-slit

» The interference would be ‘visible’ if the two sources are oscillatjrig i phase or have 8
constant phase difference. This is why a single light source (&6 in young's double st
experiment) is split to produce two which are then coherent.

‘O
5
Q
Q.
=
=
(@]
3
—
=
D
w
D
©
D
Q
=
o
3
(@]
o
)
=
(0]
=
D
o))
Q
0]
3
©
wn
-
w
(@]
o
Q
D
—
[\b]
48]
3

waves would render them no longer coherent.
Note that, because the wavelength of light is so sty
observable fringes ‘D’ needs to be large and ‘a’ &s small as possih
applications of equation of young's double slit expeximent

\1
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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 a point on a screen if the wave-trains are coherent?

A They are in phase.

B They have a constant phase difference.

c They have both travelled paths of equal length.
D They have approximately equal amplitudes.

They interfere constructively.
Solution: (Ans: B)

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 W >

Replace the light source with a monochromatic source of red tight

Solution: (Ans: E)

. | " " N\
Since it is a double slit setup, using the equation 2 - X=

B oV
decrease D — x will decrease %
increase distance between source & slits does not affect the fringe separ@

hrough, hence a

Ol x

increase a — x will decrease
increasing the width of the slit will not affect x, but will allow

o 0O o >

brighter pattern &/
E replace green light with red light. Areg > Agreen —> if A inc, ill increases.
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A}

a young's double slit experiment using |;
t. The distance from the slits to the SCr'

Sample problem 9

Calculate the observed fringe width for
wavelength 600nm and slits 0.50nm apa

0.80m.
Solution:

Oht ¢
Ben 5

ax
Using A=—
941

+ =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, parsly

very closely spaced slits.
« If a monochromatic light is incident on this plate, a pattern of narrow bright fringes j;

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 i

transparent. grafig wers . G
* a "central bright spot". = o
. Lh; interference of all other light waves from m

ifferent grooves produces a scattered

e, pattern called_a

By Jabran All Kamran 128 03354354345
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(Oscillations & Waves)

Appncation 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 VISIBL? SPECTRUM * Wavelength in Nanometers

] . . ' . ] ] ' .
A0 450 500 550 600
850 700 750
(vm) Violet Blue  Cyan Green  Yellow Orange Red (infra)

The equation: d sin @ = n),

Figure 8.54 shows a paralle.l bfaam of light incident normally on a diffraction grating in which the
spacing between adjacent slits is d. Consider first rays 1 and 2 which are incident on adjacent slits.
The path. dlf'f_erence betwgen these rays when they emerge at an angle 6 is d sin6, to obtain
constructive lnterferencg In this direction from these two rays, the condition is that the path
difference should be an |_ntegral number of wavelengths. The path difference between rays 2 and
3,3 and 4, and so on, will also be d sin6. The condition for constructive interference is the same.
Thus, the condition for a maximum of intensity at angle 6 is

d sinB = n\,

Where 4 is the wavelength of the monochromatic light used, and » is a whole number.

5 PRl taltmanes w gain 9

p;
light diftracted
al fto normal

N

When n =0, sin 0 - 0 and 9 is also zero; this gives the straight-on direction, or w c;ed the
Zero-order maximum. When n = 1, we have the first-order diffraction maximum, n (Figure

8.55).
) 3rd order' @
incident light normal o
to the grating  * \
\ ' l 1st order S
- zero order
1st order
2nd order
3rd order
——
0
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Figure 855 Maxima in the diffraction pattem of a diftraction grating

AT n
Manachromatic light is inoldent normally on a arating with 7,00 x 107 lines por meler, A Yooy,
order maximum is observed al an angle of diffraction of 40.07, Caloulate the waveleng), of e
incident light.

The slits on a diffraction prating are created by drawing parallel lines on the surtace of §),, Pléty
The relationship between the slit apacing o and the number N of lines par meler s = /py | oy
[

grating,
d=1/7.00x 10" = 143X 10 % . Using m -+ d aln,

A = (@n) sind = (1.43 x 107/2) 8in 40,0" = 460nm.

l By Jabran All Kamran
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Waves

Introducing Waves

Waves carry energy.
For Example, duning 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 pond of
stll water, & few drcular ljpples 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. Wa\g moﬁon 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 can bemade bywibeice
the first coal back and farih melibsy
2 horemtsl oo verhical disachiss,
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
Soure moves Cailsmove \

up and dowen up and doven @\7

g
R SV
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Waves

Introducing Waves

Waves carTy 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 a method of propagation of energy. For example, when we drop a pebble into a pond 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.

Slkyweves canbemade by vibestmg
the first coal back and faxih mes b
a honizardal cxa verhies! dizecies.,

Two Types of Waves
Transverse Wave Rope waves, Water waves, Light waves, Hadio waves, Electromagnetic waves.
Longitudinal Wave Sound waves and waves produced in a vertical osciilating spring under tension.

Transverse Wave \

l.mgimdiml wave @
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Transverse Waves p—
- on of vibratio
Trensverse weves propagate in @ direction perpendicular to the directi N
Transverse Wave
Sexsre meves Cailsmove
el dewn wp and dovm
———————)
Energy Tesmspect
Longitudinal Waves
LongZudinal waves propagate in a direction parallel to the direction of vibrziion.
Longitudinal wave
Sowere moves Calsmove
leftand right  leftand right
compressions
: rarefactions I
ﬁ
Eneroy Transpart
Longitudinal Wave
h ﬁ
ff'a-_-‘"-, T ';.:_ A.- ' a1 -~ i
Di:‘ndﬁ\eql'm\spu!
Reference link for %
Demonstration of waves %
http-/iwww.acs.psu.edu/drussell/demos/waves/wavemotion. html
By Jabran Ali Ka m—
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pesctibing Waves
(reata i Lovghe

Pigh peinta aind ow !

ointe hal chatacteries (raneverss waves only, For longitudinal waves,
pijnenaling aid tare

nellone are (iaed, Amplitude, A, 81 Unit: metre (m)

S St— ('Aln'nod.nw—-«\
" 1. A
i q l ,i " i
[
B e PO —

vhapslap s g Mislioy 7 -"-'q
vianl J. J . -[ cranst A
e @ B IV, A T {
2.4 (Y4 1
CLINET 4 A \4 . w amplitudo A "
Cesnlial ) ; \4 X 4 dictance
jovsaiive . e " - = along rap
(et b d 9 ’ in metres
tajm) 1/, -: Jumpmudo -A 4

A l’ 2 :I?'“““h gz

A NRNsVeEe rape wive

Wavelength,A, 81 Unit: motre (m)

The shortest distance betwoon sy twe polnts an o wave that are in phase. The two easiest points
10 choose for a distance of one vavclengih are lwo suceossive crests or troughs.

thaplaces el ey vroggves
f arent ’. J -l creant
1A . ~
sty Ot
toal i I xS ¢ ¥ ¢ ' amplitude A
et al \¢ 1 digtance \
poaltion  + 9 v 1 = along rox
(naetumod |1 “ in metres
o)  § v ¥ ' arnplitudo A
‘. e e
A .I_ 2 . _‘.'{"““u" 5

A nnver so rope Weve

)

N ad
Frequency,/ 81 Unit: hertz (Hz)

The number of complote waves produced per socond. The figur(mh@wo complete waves and
I they nre produced In one sacond, then the frequency of this

»(a\vs 8 two waves per second or 2
herz, @

W<
%%J
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Period, T, Sl Unit: second (s)
The time taken to produce one complete wave. T= /f
displacement in metres j
. L 3 ~| crast \
| crest r _’L¥ T |
+A — — - y' i
‘ 7 R%’ : -{ \t{ amplitudeg 4 !
it d xi"’ . “A \ distangy
central 1 v —— . :
position — b P } -*ﬂ‘—&\t—‘_—j, i _along,m
{(undisturbed | f N
rope) v .

1N Migtrag
Jamplhudo- "
t': T s 5
I 5 _____ ,|trough

~ '—l ".‘

A transverse rope wave

Wave Speed, v, Sl Unit: metre per s (mis)
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 metres -“:
1 crestle — 5 | crest a
+A ;‘_ = e /I i T s eE—— | — A :* —_‘ e {
.‘/ \_Y ( y ’ |
res! or . \& 1 s | amplitude 4
X, . X ®a | x i
central ‘ 4 ¢ / \ . distance :
position e /1" A ————1-- * along ron
(undisturbed :‘: 'l /& ; in metres
rope) % /: s 4

|
y &

aTiplitude —=A
\F:’: A i
A | - . ,tr?ug_h o -

A transverse rope wave

]
ey

Phase

Two points (such as x &x', and y & y') are said to be in phase because that dre
direction with the same speed and having the same displacement from e r
crests or trough are in phases.

ving in the samé
position. Any tWo

displacement in msires

-
" ! crest fee —\_;l crast
+ — -

-\n T = e " % - - —_
rast or ‘/ (34 ',:/ b !
§ Ll k¥ 3 . \a =
Central X \‘ x/t . amplitude A
position - v

distance é;
A o 8 — - "‘—\‘—X* = = along oy
(undisturbed \ -
rope) 0y RS A ~inmeusy
* 1 A l amplitude —A ‘ . >
-A ﬁ\' 2 i l I’I’-CTug—h - TR

A transverse rope wayg :

_/
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pescribing Waves - Phase difference

Phase
Difference h

A term usgd 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 a
quantitative measure, phase has the unit of angle (radians or dagrees) Thus, when waves are out
of phase, or the wave is half a cycle behind the other Since one cycle Is oquivalent to 2n radians of
360°, the phase difference between waves thal are exactly out of phase I8 n radians or 180"
Consider Figure in which there are two waves of the same frequency, but with a phase difference
between them. The period T corresponds to a phase angle of 2n rad or 360", The two wiaves are
out of step by a time t. Thus, phase difference is equal to 2n (/T) rad = 360(U1)G. A similar
argument may be used for waves of wavelength A which are out of step by n distances. In this
case the phase difference is 2n(x/) rad = 360(x/2 )*,

The wave equation and principle

D
Speed = distance/time DN
Wavelength is the distance moved by the wave In one cycle |.e distance (d‘
Time = period = 1/frequency '- @@\’
c%
So speed = wavelength/period @
Speed = wavelength x frequency, l.ev = Af @
&
| By Jabran All Kamran 128 03364864345
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The Wave Equation

e TP

Piciclatonship ot 2 & T

|

Example 1

Visible light has wavelengths between 400 nm and 700 nm, and its speed in a vacuum is

3.0x10°ms™.
What is the maximum frequency of visible light?

Solution:

From v = f), the frequency f =% , .e fis inversely proportional to ;.

For maximum frequency, minimum wavelength should be used.

Hence. f =_Y - 3x10°m

_ - = 14
= T 00X To " TS X 10" Hz

Example 2

A sound wave of frequency 400 Hz is travellin

. g 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:

v_ 320 ms™

length, A= —= ———_ =0.80m
Waveleng f 400 Hz
21[ ;u 8 4 ‘b 2
- '. E
_.45/
4
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xamplo 4

Two boats are anchored 4 mey
up the other is down, There o
the waves,

ron n ar,
ro nnv':;r nnl'yhxx‘!:"? up and down avery 3 seconds, but when one is
7 Crosts between the bonts, Calculnte the spoed of

1 T

Solution: - -
Period, T= (3 x 2)s = 68

wavelength, .= 8 m

Speed, v = ’/r = (8/6) m/s = 1,33 myg

Ripple Tank (Wave production)
The Structure
A shallow glass-bottomed tray: A light source directly above the tray, and a white screen beneath

the tray used to capture the shadows form
s ed when water waves traverse the tray, P i
waves Plane waves by using the straight dipper Circular waves by spherical dippery . Production of

LAl cigoer
{or chroufor worae
,’(/ ¢
i) it

wbratas uy and
down by meg e

w«]r;”" ¥ f
dgeer for |
pere i
<l A ,// /.//

gless-tetiomed

O

2

v

T uhita nereen

Y L&
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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 gng,,
transferred from one place to another as a result of its motion is called a progressive Wave,p‘
Example, An ultraviolet light wave, which transfers energy from the sun to the skin of peqpy, | i or
on the beach, for instance, is a progressive wave. In general, waves that move from ong poimng
another transfer some kind of energy. In a progressive wave, the shape of the wave itself, i Whl°
is transferred, not the actual components of the medium. A

Look at this animated example
http:/Mlibrary.thinkquest.org/15433/unit5/5-3.html

This animation of a dog on a leash shows a progressive wave transferring energy from the boy tg
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 nzriic!=s in the series of linked-
particles. So wave motion is the motion of energy passed from one pz:tizic to the next in a series,
through oscillatory motion of these particles, in sequence.

Examples:

(1) Soundwave:

Camprension
\

When a sound wave is propagated from a \ Raretaction

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.

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 efy-drum of the ear, en‘abﬁn}xﬁe (. //
to hear the sound originated from the tuning fork. \ ~\\3 N\ Q .|:
There is no net transfer of air particles from the tuning fork to the‘ear. The ear-drum irrﬂ'@éa? czn

vibrate because energy has been transferred to it from the tuning fork~through ' "uemg‘aJ
vibration of the layers of air between the tuning fork and the ear. (Dia\gram meﬁ%ﬁ%uemw
vibration of the layers of air forms regions of compression (where air | e/rs—afe_g'éer to eadh
other) and regions of rarefaction (where air layers are further apart). The 64 #ay movement d
such regions from the tuning fork to the ear signifies the propagation of sound wge energy.

S
By Jabran Ali Kamran 138 03364864345
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(Waves)

@) Wave in a rope:

The wave u?:-g? %;f:haera;t))e r:)ay gﬁginate from the vibration of the first particle at one end of tr:e
il o ong st particle s icle, setting it into
‘:;e son. This transfer of energy transferred to the second particle g

it qd of the rope continues to subsequent particles in the rope until it reaches the
other & :

(3) Water wave:

The energy of the vibrating water molecules is transferr
surface Of waler, causing these molecules 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
rensferred from one region to another region through sequential vibration of a series of linked-
parides. 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
2 rope is propagated to the other end,

i and energy from one region of wafer surface next to a
vreting Souree IS propagated to another region in the ripple tank.
Intensity of the Wave

One of the dxaracte]'isties 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 to 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%,

ed to subsequent molecules along the

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 4nr?, the intensity is W/4n?, where
Wis the power of the source. The intensity of the wave thus decreases with Increasing distance

from the source. The intensity i is 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 relaticniship, intensity o (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
energy is incident onto, has to be normal (perpendicular) to the direction of the incidenc

ve
of
vave energy. The unit of intensity is W m™. Intensity on an area A can be expressed as @7

I=P

; §
where P is the power incident on the area normally. @

intensity o (amplitude)?

A sound wave of amplitude 0.20 mm has an intensity of 3.0 W m2, Wha
Sound wave of the same frequency which has an amplitude of 0.40 mm?

\
| By Jabran Ali Kamran 139
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Solution:
The relation | & (amplitude)’
Can be expressed as | = A(amplitude)?
Where k is the constant of proportionality.
Subetituting,
3.01m =k(0.20mm)’ == =~(1)
New intensity, | = k(0.40mm)2 ---(2)
(). _1

——

(1)~ 30w
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.

A transverse wave is one in which the direction of propagation of energy is perpendicular to the
direction of oscillation of the particles in the wave.

l,l,cv":}){
R T
Y
o | B
ﬂ:‘! 7 ~ drector ¢ Yewed o wam
The stng element s motion s amrry l

perpendculir K e wave s orecton of
Pave’ ThS S 3 Fansverse wave.

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 string by the oscillation of t first element in the
direction perpendicular to the string, then this wave travelling along the stfing iz’ an example of 2
transverse wave. the direction of propagation of the wave is along the stsr o

N . : B ; . WA longitudinal wavé
is one in }vhnh the direction of propagation of energy is parallel to the irecﬁorlpigc‘?lﬁﬂon of the
particies in the wave. \ \ \

N

A visual demonstration of
a longitudmal wave.

5
\/@“
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when a sound wave set up by the vibrating piston pro i i iraction of
i ; " pagates along the pipe of air, the direction
propagation of sound energy is along the pipe to the right. The direction of oscillation of the air

layers is back and forth, parallel to this directi ) ;
jongitudinal wave. ion. Hence sound wave is an example of a

Graphs representing waves
Graph 1: Displacement vs. Position graphs

These are plotted with displacement, y, against distance or position, .

»(em)
A

2 ——
2 —

1
|
|

For a transverse wave moving frorp 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

* [ ore waveiength
/% ia)
/N

{ ampitude

distance

displacament
|
I
!
i
‘\
i
\

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.

displacement y
Iy

A - '
I
l -
T + time
ON &3 /1 = 7
21 2 4 @

—A—

In the graph above, we are tracking the displacement of one particle @ éime goes by. This
does NOT represent the wave S
one
| / ;\:“’T“’ )
\/ t "

I By Jabran Ali Kamran 141 03364864345
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s the oscillation of one particle on the "
or consecutive troughs is one peri, g T;I]e
ation. ¢

In Displacement vs. Time graphs, The graph rePres:tr;t
with time. the "distance™ between Consec.u“ve cfre cill
maximum height of the vertical axis = amplitude of 0

Y —

A AVIANE
\/1 .

(c)_\/ \-'l

Fig.2

Fig.2 shows 5 snapshots’ of a transverse wave in a string, travelling it: the +ve direction of an x-
axis (left to right). The movement of the wave is indicated by the righi-ward progress of the short
down-pointing arrow, pointing at the middle crest' of the wave in snapshiot (a). From snapshots (a)
to (e), the short arrow moves to the right with the wave, but each particle in the string moves
parallel to the y-axis (up and down). An example of such a particle is along the y-axis (shown

darkened). Each snapshot is taken at an interval of % period. One full oscillation takes place from
(@) to (e).

Actual positions of layers within the longitudinal wave

123456789101112131415

equilibrium
positions | I ! I I I I I I I ' I I I I
. LT 017

| .| I, | !
isplacements | 2 3 4567 ‘gl o Dyl bt sl
at an instant rz X, X X, X, X,
1
raretaction compression rarefact'I ! om sionI
U T rerefectin compresi®l -
g RNV
- /
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gummary For Part (f):
(1) pisplacement-time graph is for the oscillation of a particle in the wave i
displacement i

A A A R |
l N\ ¢ v‘o"’\)‘/ﬂ\\yé 22 ‘

time / ms

The graph above shows an element oscillating with an amplitude of 4 mm lIts period of oscillation is

about 5 MS.
(2) pisplacement-distance graph is for a snapshot of a wave motion at an instant

displacement

‘mmV\
10 12 14 16 /—\

02 04 06 OB Y <<
N~ 18 20 22 Feasy e
The graph above shows an instant of a wave with an amplitude of 4 mm. Its wavelength is about
1.8m.
Example 7

The diagram below shows an instantaneous position of a string as a transverse progressive wave
travels along it from left to right.
3

1 2
AT~ il
\_/
Which one of the following cerrerily shows the directions of the velocities of the points 2 and 3 on
the string? =
1 2 3
A b 4 4 -
B - « -
- l l {
D l T 1 \
E T d 1) V
Solution :;

Knowing that the wave is traveling from LEFT to RIGHT, sketch how the wave like just

an instant after:
1 2 /3'__,_
=t O
moti

N

Then look at the points concerned. Since it is a TRANSVERS , the particles only oscillates

Perpendicular to the wave direction. This eliminates Answer

Ang: p %

\
03364864
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Example 8

The graph shows the shape at a particular instant of part of a fransverse wave fravelling alon
string

displacement P <
0l N0 i\
| N N cistanze aleng

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 >

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 ominant source of
these waves, continually bathes us with electromagnetic waves throughouythis spectrum.

THE ELECTROMAGNETIC SPECTRUM

Wadmgt 100 W 10" 1 10! a0 ot a0S w0t 10?7 10d 10?10 M v
T 1 1 i | 1

T T T T

S— T T T T T =
T o - § f) e -
Comvon = _>

T

[ ]

AU W,
——— T nter
= NEXETE - gt
" Fottaty Sm— R . -
Ll d O gt Bt 3T i — j
"':7 -x 1 I L ) 1 1 ,'-.| lu-l .
-’:J LU T U R T A T L T LT 10 M 't g 1w’ g™ 1" 0®
Pa—
—w _'- - - . - ! | L 1 1 ! I Pl
(decrsavom) 10?1t w0t aot w0t et w0 ) 0 g g v a0b 10
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(Waves)
o
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 10"
! = 3x10®Hz
x-rays A = 100pm = 10™m 10
1 = 3x10"Hz
UV ultraviolet A = 10nm = 10°m 10°
f = 3x10"Hz
Aed = 700nm
Visible light Ageen = 600 nM =0.6 pm 10%
Avioet = 400 nm
foeen = 5x10"Hz
IR (infra-red) A = 100pm = 10*m 10*
: f = 3x10"Hz
Radio wave (includes A = 3m 0 2
microwaves. UHF, VHF etc) f = 10%Hz =1

Properties of Electromagnetic Waves
1) EM waves have the same speed, ¢, in vacuum (c =3 x 108 m s7).
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 (I) of a Progressive Wave

When we set up a wave on a stretched string, we provide energy fqr the motion of the_ string. As
the wave moves away from us, it transports that energy as both kinetic energy and elastic potential

energy.

Kinetic Energy h - .

illati in simple harmonic motion as the

ing of mass Am, oscillating transversely in simp .

VAv:VZlene]ligttas? ftr:?c?ugg itg has KE associated with its transverse velocity u. When the elem‘entK E
hi : through its y- 0 ;:)osition (element b in the diagram), its transverse velocity- and thus its

ir:sa l?r?axi::ur% Wgen the element is at its extreme position y - A (element a), its transverse

velocity- and thus its KE- is zero.

03364864345
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The frequency of sound using a calibrated CRO
(This togic was done in Second chapter - Measurement & Techniques)

b caltrates c.1.0, (cathode-ray osciioncope) implies that the time-base is set ’z;uch that the pereq
T, of oaciiztions o the zir 1zyers detected by the microphone may be read. Uzing the relation

1

T
the freguency, | of sound produced by the viorating loudspesker may be determined
Sample problem

(This topic was done in Becond chapter : Measurement & Techniques)
The trace showm sppezred on an ouclioscops sareen vith the time-base et 1o 2.0 ms cm”,

[ ]
/N
V1N

N

5

\

==

| I\ \
|11
<>
1em
Wizt 1 the freguency o the signal?
AL 40 HZ B 125 Hz
C 2 rz D 500 Hz

Solution
Peria, T=20mscn’ v4on=80ms

- 1 ] e
Frequercy, fr_r' z/m‘:?‘hia Hz /\\

©

pns: B ‘
\ /@,O
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(Waves)

The wavelength of sound using stationary waves

is topic would be studied in detail ‘
g‘ta' ary Waves in the topic Sup:rt:gs:go:?m chapter 'Superposition'. Please refer to notes on

- : t
polarization |
| t
Electromagnetic Wave : Electric Fielq Magnetic Field F

ight wave is an electrom ;
gelgromgneﬁc wave isatmn:ggrest;c Wave that travels through the vacuum of outer space. :
Wave that has both an electric and a magnetic component. ;

———
I By Jabran Ali Kamran 147 03364864345
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Polarization is a phenomenon assoclated with transverse waves

Process by which a wave's osclllations are made to oceur In one plane only, Assoclalod with
transverse waves only,

Note : Here, Polarization of
light is analogous to that
shown in the diagrams,

The Picket Fence Analogy

‘When the pickets of both fences are aligned in the erztical
direction, a wertical vibration canmake it throwgd: ket fences.

When the pickets of the second fence are horizontal, vertical
wvibeations which make it through the first fence wrill be blocked.

transverse waves

Reference link :
http://www.youtube.com/watch?v=e8aYoL|2rO8

/
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mad
gleclO .
his sense, Polaroid s
fter, 1t emerges with one-half
poi2

magnetic wave.

Teacher

TOTEESN

\

erves as a device t
the filter. When y
the intensity ang

ight through

Light travelling parallel to polariser the trans
polan'sed light (i.e. the amplitude of the light wave is identical).

unpolarised hght

When the 2nd polariser, or the Analyser is perpendicular to polariser, no transmitted
observed. Hence, intensity is zero. (i.e. the amplitude of the light wave is zero).

(Waves)

Folarizaﬁm' by Use of a Polaroid Filter

ost common methqd of polarization invo
e of @ special material that is Capable of

Ives tl)e use of a Polaroid filter. Polaroid filters are
blocking one of the two planes of vibration of an

hat ﬁl.ters out one-half of the vibrations upon
npolaljzed light is transmitted through a Polaroid
with vibrations in a single plane; it emerges as

Axesaligned pnneluad.oqg Awes aligned perpendicular to each other

mitted light has (almost) the same intensity as the

transmitted light
analyser

7~ no transmitted light

polarised light
analyser

polariser

@

Alongitudinal waves cannot be polarised. Why?

| % :5
Alongitudinal waves cannot be polarised because the particles in the wave oizi@ rallel to the

Wave direction and cannot be restricted to vibrate in any plane.

@
S

By Jabran Ali Kamran
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Applications of Polarizations
1) Polaroid sunglasses '
The glare from reflecting surfaces can be diminished with the use of Polaroid SUNglagge,

The polarization axes of the lens aré vertical, as most glare reflects from h°fi20~&,

surfaces.

Applications of Polarizations

2) Polarization is also used in the ent
Reference link : http://www.voutube.com/watch?v=qIKquoZer

HOW 3D WORKS (not in syllabus, just for your information only) Three-dimensional movies ar
actually two movies being shown at the same time through two projectors. The two movies are
fimed 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 through 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 would have its polarization

axis aligned vertically. Consequently, there are two slightly different movies being projected ontoa
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 fitters. Each filter has a different

polarization axis - one is horizontal and the other is vertical. The rezult of this arrangement of
projectors and filters is that the left eye sees the movie that is projoctzd from the right projector

while the right eye sees the movie that is projected from the left projecicr. This gives the viewera |
)

perception of depth.

ertainment industry to produce and show 3-D movies.

QUESTION TIME !

Check your understanding on Polarization

Question No.1
1. Suppose that light passes through two Polaroid filters whose polarization gxes are parallel 10
each other. What would be the result?

el

Answer - Question No.1
) . Polarizers /
The _ﬁrst filter will polarize the light, blocking one-half of }
its wprations. The second filter will have no affect on & F
the light. Being aligned parallel to the first filter, the ) / 9
/
|

second filter will let the same light waves through. % ; ‘?
Unpolarized light Polarized light

\/U

0336486434
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question No.2

2. Which of the following cann
A-infrared waves
B-microwaves

C-sound waves

D- ultraviolet waves

Answer - Question No.2
Answer: C — Sound waves

Question No.3

Explain.

ave

ot be Polarised?

(The polarization axes are shown by the lines.)

Answer - Question MNe.2
Answer: A

The glare is the result of = iarge concentration of li

block such plane-polarized g

ght aligned parallel to the water surface. To
i, a filter with a vertically aligned polarization axis must be used.

»

By Jabran Ali Kamran

pr 03364864345

Scanned by CamsScanner



The Doppler effect

You may have noticed a change in pitch of the
note heand when an emergency vehicle passes
you while sounding its siren. The pitch is hnqher
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 b
same rate, and so both observers hear sounds of

the same frequency f. If the source is moving A 7
towards A and away from B (Figure 13.11b), the /H\ / /

waves stretcheg

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
8. Observer A will observe waves whose R, o Source moving
wavelength is shortened. More waves per second '

amive at A, and so A observes a sound of higher Figure 13.11 Sound waves, represented by wavefronts,
frequenc:y than |. Sim"a”y! the waves arriving at emitted axcons.tan:frcquency by a a stationary source, and
B have been stretched out and B will observe a b asourcemoving withspeecv,.

frequency lower than f.

An equation for observed frequency

There are two different speeds involved in this .
situgtion. The source is moving with speed vt. The '
sound waves travel through the air with speed v, :::J:::""
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 b :
source is moving. Figure 13.12 shows how we can moving |

calculate the observed wavelength A, and the ~ E o
observed frequency f,. The wave trains shown in ) /\/’W ’H\
!

7\
direction of wave travel - ’H

]

]

g -l -

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 Figure 13.12 Sound waves, emitted at &:onstantfreﬂ“”c‘g‘l "

wave travels away from the source in 1 s. The :rv:yaf::::\l:::?bss:r\::: srdbasource movn T

wavelength observed by the observer is simply 2, = fi Thassituation is diffe ent\W@’(

is moving away from the observer (Figure 13.12b). In 1:s, the so
train off waves will have a length equal to v + v

Light waves show the Doppler effect in the same way that sound waves.dos So, f
astronomer looks at the light from a distant star which ig receding from. o \atR .
wavelength will be increased and its frequency will be decreased. The chan %avelength AL IS
simply given by A = vy/c. ' g
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Electric Fields
gecric ChATRRs @xert forces on each other when they are a

ct & S explan this action at a distance.
oDOTE 3 SIINONATY Charge expeniances farce.

The direction of Electric Fields

e directon of elactric field is
aeve 28 10 Q0 S0, S0 the knes

distance apart. The word ‘Electic

An Electric field is defined as the region of space

d?ﬁned as the direction in which a positive charge would move if i
Of force can be drawn with armows that go from positive to negative.

Bectc field Enes are also called force lines. The field lines are originated from the positive charge
ad they end uD &t the negative charge.
I
N 7

N\

e

7

I\

Fositive Charge Elactric Field
13mates Sem)

Negative

a
/

Charge Electric Fiald

(animated demo)

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

[]

E

Electric Field Strength

Blectric fielg strength at a point is defined as the force per unit
d‘a’ge acting on a small positive charge placed at that point. !f a
experienced by a positive charge +Q placed in the field is

_—

F.then the field strength, E is given by E = 0

S

\

{2

N

)
§5®

o

R\

Notexy-
Remember, the symbol E is
53150 used for ‘energy’.
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lectric Fielg .

Unit of Electric Field Strength

| F. . [Note: T

The unt of Blectric field strength for the equation £=7 1S GVeN | Remember, later we shy
that there is another oy %

byNGC-* S| unit for electric fielq stre
Vm™ . However the 2 Units g,

where force is measured in Newtons and charge in Coulombs. 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 acting on it. To move the
charge towards the positive plate would require work to be done on the charge.

++|+r—

i F] A C"b

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)

so what is potential difference?

If the electric field is NOT

moving @ charge in the ﬁeld.NIltFi(s)ThM' 18 not so simple to calculate the energy change due to

done in moving unit charge from on: refc?re useful to define a quantity which describes the work
point in the field to another point. We call this quantity the

A A ol s o

ints and is given by V=% V is the symbol for

~nn e

\ it its of J
quantity, it is given its own unit, the VOL?'U(k/E)S..PER COULOMSB, (JC). As this is an important

points in an electric field such that on One volt is the potential difference between two

: ejo i : .
one point to another.” loule of work is done in moving one coulomb of charge from

By rearranging equati ial di
y 9ing Equation on potential difference, work doneW=vQThusw=Fd=va £-¥

But is the force per unit charge and this s the defi

. nition of electric field
uniform field, the field strength £ given by E = ¥ strength. Thus, for a r

>
=~

E=2Y
d

We sometimes use an alternate unit for E.

E= Voltage
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

Field strength between the plates?

d |
100V %
0.1m % ‘
=1000Vm" ‘.
\ i
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Electric Fields

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/

(a) E=—.E=@=2.0x10‘vm-‘
d 0.05

(b) F=EQ,F=20x 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
X \"
=EQ.d (since E = E)
= %XQ xd (since E = %)
W=QV
: B
‘
10m
|
° i :
g=+2C g=+4C
E=10NC-
< '. 5
. )/
By Jabran Ali Kamran 156 03364864345
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Electric Ficlds
gample problem 3:
calcu|3te the Work done The work done on each charges are :

A B

———

E=10N G

10m

ot lel =
q=+

q=+aC
w=QEd w = QEd
=2x 10210 =4x10x10
= 2000 — 2004

sample problem 3 : Calculate V

We define the Work done (in moving charge from one

position to another) per unit charge as the
change in potential or potential difference, V.

y=-¥
g
Taking the data of W from previous sample problem, calculate V.
+2 C Charge, +4C Charge,
p-2 y = 300S
2C 4C
=100 JC-' =100 JC

Electron Volt

L NN
Work done when a charge of one electron moves through a potential difference
of 1V is one electron volt (e.V).The equivalent energy is:

[Since W =Q
R\
Q=16x 107,

> |
and 1V = 1J C" N\
hence 1ey/ =16x10"”Cx1J C" @

1eV=16x10"° @
&
S

\
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Motion in an Electric Field Find the ve

sample problem)

Consider a positive charge placed in &
Blectr Feldd

(Klsstre 1

locity using Equations of Motion (wit, ‘

uniform electric field, as shown in the diagram below.

P R R lmo\'
4
® qQ=10uC
0-im , m=0.1g
— 4 oV

Find the velocity of the charge after it has travelled a distance of 5 cm. Use the following

information:
=Y
d
IOOO =1x10Fm
=1x10*NC™'
F =QFE
=10x10"°x1x10*
=10"'N
Electric Freld
EIE S R IR R I I 1000\'
0.1 ® Q=10uC
L1Mm
m=0.1g
oV
F
a=—
n
_lot
107

V;Z -V} =2as
v = 205(\’, =0ms")
v, =+/2as
v, = m

v, =10ms™owardsthe-"ve plate

By Jabran Ali Ka
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(Electric Fields)
Motion in an Electric Fig|qg Find the velocity using Change in K.E (with sample
pr0b|em)

Can also determine the velocity by using the change in kinetic energy of the particle.

=AY

d
=10000¥m™

Electric Field
Q‘#++¢+++++++

—_——— 1000 v
A

A
0im ! 0.05m Q=10pC
; m=0.1g
B
- ov

_AV

==
As
“ AV =EAs
S AV =10000Vm™ x 0.05m
LAV =500V
Electric Field
I ISP A O I
— — 1000V
A
A
0 1m , 0.405m \
v
B
&
f ov
Q=10pC @
m=0.1g
\ —
I By Jabran Ali Kamran 159 03364864345
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g P

e |

B |

(Elmnmm

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
:l,-mv’ =gAV
e
m
2x(10x10)x 500

10"
10ms™" towards the-"ve plate

Electric Field
 ETEEERNERX X XN,
“‘ = 1000V
A Q=10pC
005m
Gim I m=0.1g
B
v
) 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
=10"* x 500
=5x10"
=5mJ
Electric Field
R O O O S
; — 1000V
A
AA
' Q=10uC
01m ' 0.5m
v
B m=0.1g
v
— oV g
- '~ E
_./
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for a charge that enters the Electric Field

| e

. Straight line
! = i

O -
+q e —— .
—r 3
— ! Straght line
\%‘
Horizontal Component of the velocity (H component)
v, = Vi = Vau horizontal velocity is constant
y,=— 50 Al = —L—
At Vi
a=0 as Av=0
Vertical Component of the velocity (v component) ‘
As it is initially travelling horizontally,
vy =0 mis é
Where Vy IS initial vertica! wzlocity and vy is final vertical velocity ;
i
Now a,= L of i
m m }
And, v,, =aBl f
_QEL |
mVv, |
. N\

So, A, =y2a(v£J (,\>\/ |

As, =y2a,—Lé @@\{V |

161
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(Electric Fieigy

The direction of the force in an electric field

Electric Field
T T 2 A A

—

l Dyrectionj of F orj+

I Dyrection of F orn -

The direction of the force depends on the charge on the particle.
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). |

* For a charge that enters the field

= Before entering electric field, the charge follows a straight line path (2 net force).

e As soon as it enters the field, the charge begins to follow a parabaiic: nath (constant force always
in the same direction).

* As soon as it leaves the field, the charge follows a straight line pati: {no net force).

©
I
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Current Electricity

1ypes of electricity |
current Electricity: Net flow of charges in a certain direction '
static Electricity: No net flow of charges in a certain direction

Matter can be classified into 3 types according to their electrical properties:

Conductors — Materials which have mobile charge carriers, mainly electrons and ions which will
grift to constitute an electric current under the effect of appli i can
uct electricity. an applied electnc field. Hence they

gxamples include metals and electrolyte solutions.

Insulators = Materials which have no mobile charge carriers that can drift under the effect of an
aPP"?d electric field. Hence they cannot conduct electricity. Examples include rubber, wood and
plastic.

Semicor_lductqrs — Materials which have intermediate electrical conductivity which vary
substantially with temperature. Examples include Germanium, Silicon.

Show an understanding that electric current is the rate of flow of charged
particles.

All matter is made up of tiry particles called atoms, each consisting of a positively charged nucleus
with negatively charged eiectrons moving around it. Charge is measured in units called coulombs
(C). The charge on an electron is -1.6 X 10-*° C. Normally atoms have equal number of positive
and negative charges, SO that their overall charge is zero. For some atoms, it is relatively easy to
remove an electron, leaving an atom with an unbalanced number of positive charges. This is called
positive ion.

Atoms in metals have one or moré electrons which are not held tightly to the nucleus. These free

(or mobile) electrons wander at random throughout the metgl. But when a battery (or source) is
connected across the ends of the metal, the free electrons drift towards the positive terminal of the

battery (or source) producing an electric current.
The size of the electric current is given by the rate of flow of charge and is measured in units ca%

A current of 3 amperes means that 3 coulombs pass a point in it

amperes with symbol A. .
every second. In 5 seconds, @ total charge of 15 coulombs will have passed the point

Charge is quantised

Because electric charge is carried by particles, it must come in amounts which. &
So, for example, 3.2 x 107°C i8 possible, because this is +2e, but 2.5 x
because this is not an integer multiple of e. We say that charge is ‘quaf®s ) this means that it
can only come in amounts which are integers multiples of the ele ?.&p charge. If you are
studying chemistry, you will know that ions have charges of te, £2e, glgyne only exception is in
the case of the fundamental particles called quarks, which a ,a-": filding blocks from which
particles such as protons and neutrons 21 made. These hayg @ Jes of or xe. However, quarks
always appear in twos or threes in such a way that their COTAES %

dultiples of e.
is impossible,

argeis zero or a multiple of e.
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(Current Electricyry)

An equation for current
of electric current. There are large Numbers ¢

Copper, silver and gold are good conductors O etrons as there are af
conduction electrons i ire- any conduction éle _ ms. Thy
number of conduct lr; ;a?:;geg;zen ita:oITmey(e.g‘ in 1 m’ of the rrfsetal) is called the numpg
density and has the symbol n. For copper, the value of n i about 107°m ™.

gure shows j i i A, along which there Is a current
F g of wire, with cross-sectional area A, ' nt |
How fa:t go the eleaﬁnngﬂaave to travel? The following equation allows us to answer this question:

I= nAvg

. ‘ ; is the charge of each partic)
Here, v is called the mean drift velocity of the electrons and g is Particle
carrying the current. Since these arc usually electrons, we can replace g by e, where e js the
elementary charge. The equation then becomes:

| = nAve

cross-sectional area A

wire (length /)

electrons

current /

Figure$.9 Acurrent]in a wire of cross-sectional area A, The
charge carriers are mobile conduction electrons with mean
driftvelocity 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 timing the electrons to determine their speed. You start timing when the
first electron emerges frqm the right-hand end of the wire. You stop timing when the last of the
elgarons shown in the diagram emerges. (This is the electron shown at the left hand end of the
wire in the diagram.) Your timer shows that this electron has taken time f to travel the distance /.

In the time t, all of the electrons in the length / of wire have emen i
ns e he wire. We can
calculate how many electrons this is, and hence the charge that has flog :‘. :

=EnxAxlxe

We can find the current | because we know that
e c cau we can find the o
this is the charge that flows in time t, and current = charge/time?

I=nxAx|xef
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m

wgvfol’lltgives

l:Mw i
. charge carmiers that make f
mn’m . e Up a current are not - .
wmm(mwamgam)mmqisamﬁemuamymmu |
W“mnwﬁleanmgenemlvetsionofmeqmﬁmas ‘
|=nAvq
example 3 shows how to use this equation to calculate a typical value of v.
mRKEDEXAHPLE
scdwlatememea"dﬁﬂmofmeebwmshampperwimdaoss-sedimalm
5.01105m\°a"'y'"93w"'e"t0f1-0A.nweelectmnnumberdensityforoopperis&5x102‘"\4-
snp1Reanangemeequationl=nAvetonmkevmesub§e¢
|
v —
nAe
Step 2 Substitute values and calculate v:

Ve 1.0
85x10® x50x10° x16x10™

=147 x10°ms™

=0.015 mms™
Slow flow
it may surprise you 10 finc tat. as suggested by the result of Worked example 3, electrons in a
copper wire drift at a fraction of a millimetre per second. To understand this result fully, we need to

ns behave in a metal. The conduction electrons are free to move
around inside the metal. Wnen the wire is connected to a battery or an external power supply,
each electron within the metal experiences an electrical force that causes it to move towards the
positive end of the battery. The electrons randomly collide with the fixed but vibrating metal ions.
Their journey along the metal is very haphazard. The actual velocity of an electron between
collisions is of the order of magnitude 10° ms’' but its haphazard journey causes it to have agg
velocity towards the positive end of the battery. Since there are billions of electrons, we %

closely examine how elecirc

term mean drift velocity v of the electrons. @
Figure 9.10 shows how the mean drift velocity of
electrons varies in different situations. We can understand this using the equation:

|
\Y =

- @
ust increase. That is:
d

s move more quickly for a giv nt. That is:

A %)% |
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If the current increases, the drift velocity v M

If the wire is thinner, the electron
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i i i i individual electron must trave
r electrons in a thinner piece of wire, 80 an g
myaﬁ ;e::eaterial with a lower density of electrons (smaller n), the mean drift velocity st 5

greater for a given current.

' smaller electron number
density, increated speed
Figure 8.10 The mean drift velocity of electrons depends on

the current, the cross-sectional area and the electron density
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 1. 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 102 or
10%m Semiconductors, such as silicon and germanium, have nicr 'ower values of n perhaps
1023m\Ina semiconductor, electron mean drift velocities are typicaily o million times greater than

those in metals for the same current. Electrical insulators, such as riibber 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 electric ¢
Q=1, substituting in units we obtain the followin
1C=(1A)(1 s)=1As

One coulomb is the quantit
steady current of one ampe|

urrent and the time that i
g:

y of electric charge that passes
re flows for one second.
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solve problems using the equation Q=|t
Ex.mple 1

Given that the electric current flowin
which passes each section of the cj

Solution:

[@=1

Q= (0.76 x 10°)(60) = 0.0456 = 4.56 x 102C

Solve problems using the equation Q = It
Example 2

g through a circuit is

: 0.76 mA, -
Fcuit over a time of 60 s, calculate the electric charge

g .

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 tihe charge that flows during this time.

Solution

Charge = area under current — time graph

N %(8.0) (60 + 20)(10°%)=0.32C

! t mA
] PN

Resistance and Ohm

is directly proportional to the poteRtial
1 " t the current through the conductor is direct : t
g:fgznt:wbzﬁgzrfhﬁs ends provided its temperature and other physical conditions qem

constant.

Mathematically % -\;
!
I :\; -

lcV=>V=RI=>R=

ion i i [ fthi.d It is constant
in the equation is the ele_ctrucal re5|s.tance ne.device
for a metallic conductor undir steady physical conditions. Materials Whitkiobey Ohm s law are
called ohmic conductors. Resistance of a con_ductor is defined a
difference across it to the current flowing through it.

The proportionality constant

FromR = 10 =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.

0336486434
] By Jabran Ali Kamran 167 64345

Scanned by CamScanner




Solve problems using P = VI, P = I'R, V= IR

Example 5

A 12 V 24 W bulb is connected in series with a variabl
internal resistance. The variable resistor is adjusted until

e resistor and a 18 V battery of negligit
the bulb operates st lts normal rating.

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.

Solution:
(i) P=Vi
24 = (12)l
1=20A
(i) 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.
|

Ra —
A

The relationship could be expressed as an algebraic equation ©y troducing a constant of
proportionality as follows:
ol

A
The constant p is now recognised as a property of the material and lsc% istivity Hence

_RaA 7
P

where p is the resistivity of the material, in O m

R is the resistance of the sample, in ohms (1) {\\‘: | (,‘///’//
A is the cross-section area of the sample, in m” i NS

| is the length of the sampie, in metres (m)
RMBMMMWMmMrmmy /—ﬂ yAMﬂ

ressstivity means a sample of the material is a poor conductor. A low r
the material is 3 good conductor.

—
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(Current Electricity)

E jvity
" is defined as the electri
ity rical property of a material that determines the resistance of

of given dimensions. Itis equaltop = RA
P== where R is the resistance, A the cross-sectiondl

g, N0 | the length, and is the recipro
' :.%edby the symbol p. procal of conductivity. It is measured in ohm metres. It is

problems uUsing rR=£

Solve A

Example 6
Th resistiyity ofa rr_\aterial is 3.1 x 10-5 Q m. Determine -
hat its length is 20 cm and its cross-section area istg_eo ’:ﬁganca ofa

sample of the material

given
solution:
(31x10°)(020)_

oo e B2 310

A (20)(0.001)°

potential difference and Volt

Defining p.d i difference between two points in @ circuit is defined

as the lelectncal energy cc_)mfer’ted to other forms of energy per unit charge passing between the

two points. Alternatively, defining p.d in terms of power The p.d. between two points in @ circuit is
r forms of energy per unit current

defined as the rate of comvers
flowing between the two poiriz.

Interms of energy:
energy converted

o d)=
potentail difference (P ) Jharge
hence V = % orw =QV
In terms of power:
o 4= power converted
Potential difference (p.d-) —rrent \

Where V is the P- ,
W is the energy conv

q is the electric charge moved. in coloumbs (C) @

p is the power converted, In watts (W)
] is the electric current flowing, in amperes (§

since V =R from leamning outcome (N, E=
From V= W oqv=1J ¢ defines the volt@ s of energy)
Q'

©

p.d, in volts ) %

03364864345
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The voRt is the potential difference between two points in a circuit if one joule of electricg| eneray
converted o other forms of energy when one coulomb of charge passes between the two Doinrtiy is

m_m;:=v11v=1wA"deﬁresthevoh(intermsofpower).

The voit s the potential difference between two points in a circuit if one watt of electrical poyg,
converted to other forms of power when one ampere of current passes between the two points ris

Note:
Since the unit 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 is 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.

Solveproblemsusingv=g—

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.

1) Metallic conductor at constant temperature

Senetanttemperatlunc)

The I-V characteristic of a metallic conductor at constant tefaperatu
origin. This implies constant t-V ratio, i.e. constant resistance Th e 3
constant temperature is an ohmic conductor. In terms of the mo gex§E due
resistance in metallic conductors arises from the reduction in the diigt velogity of free lgCt S
to collision with lattice ions. If the temperature of the conductor is 3 ctattice |

vibrations will remain the same hence its resistance will remain the_g
resistance of a metallic conductor is constant at constant temperature (ohmic/ggndge

I By Jabran Ali Kamran 170 03364864
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A dide |8 @ device thal hae & low resls
Ngh reaislance I e olher dire
farward-blaaed semioondu
pd InCreanes

1ance In one direction (forward-biased direction) and a very
lon (reverae-blased direction). The | - V characteristic of a
Mo diode 18 similar (o that of a thermistor, |.e. resistance decreases as

The | - V oharacterietic of a reverse-biasad semiconductor diode is nearly zero If reverse-biased
P.d 18 100 high, the diode will break down and conduct electricity

J) Fllament lamp

T [
% Increasing resistance
due lo increasing

lemparature

»
v

]

|

|

Coonatant reuislbei l
L3

A fllament lamp containg a long thin wire mado of metal with lugh melting point (eg. tungsten). With
low p.d. across the fllament lamp, low current flowmg through it and the heating effect is
Inaignificant hence the resistance I8 fairlly constant. As the p.d across a filament lamp increases,
current Increases. | leating effect s slgnificant resulting in temperature increase. The resistance of
metals Increases with temperature. Ferce, decreasing 1V 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 ions hence current will be
lower and resistance will be higher,

In short, the resistance of a flament lamp Increases as the p.d applied across it increasew

E.M.F In terms of the energy transferred by a source in driving
round a complete circult

Movement of charge carrlers is possible only If they possess energy and are z
thelr energy. Sources like batteries and generators provide the energy tQ
Avallable path(s) for charge carrlers 10 dissipate thelr energy cause theirn
terms of energy: The electromolive force (e.m.1.) of a source Is defined-&3
convened 10 electrical energy per unit charge driven through the source

The electromotive force (e.m.{.) of a source Is defined as the eleCtrical power converted to
electrical power per unit current dellvered by the source, T t of e.m.f. is same as that of

potential difference, |.e. the volt. (Recall that 1V =1JC1

nit rge

& mon-electrical energy
Jalining in terms of power:

| By Jabran All Kemran 14 03364864345
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Mathematically E = % orE= ?

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:

In a battery, chemical energy converted to electrical energy through chemical reactions. i 5
generator, mechanical energy {in the form of rotational kinetic energy) is converted to electrica|

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-electrical energy converted to
electrical energy while the potential difference (p.d.) between two points Is QBﬁned using electrical
energy converted to non-electrical energy. The effects of the mterr_wal resistance of a source of
e.m.f. 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 always 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.

Elg" :

l" o o — - ——f
R

—{ 1}

The energy delivered by the source is then shared between its interna! resistance and external
load,

i.e. energy supplied = energy dissipated (external + internal)

Elt = PRt + I°rt
E=IR+Ir
E=I(R+r)

current delivered, in amperes (A) R is the resistance of the
internal resistance of the source, in ohms (Q)

It can be deduced that when the source is connected to an exterqal cirquit, the termina) REQ\
source is reduced by the amount Ir. When the current | through tha,soutsg i (suEh 8
the external circuit is open) then terminal p.d. 1/ will be equal to the e.Ix,

l By Jabran Ali Kamran 172 03364864345
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(Current Electricity)

matively, viewing in terms of power, the power delivered by the source Is shared between ite
internal resistance and external load, |.e power supplied = power dissipated (external + internal).
PE = PR + Pr
El=1?R+ I’

The power fiissipated 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 8o the efficiency of the

source is always below 100%
show an understanding of the effects of the internal resistance of a source of
e.m.f. on the terminal potential difference and output power.

Example 7

A battery of em.f. 12 V and internal resistance 0.014
connected to a motor. Calculate the resistance of the motor.

Q delivers a 2.0 A current when first

Solution:
E=l(R+r)=12=2.0(R+0.014)=R=5.990

173 03364864345
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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 potential to 5 lowar
potential (e g. current from battery)

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 includeg
Components (e g batteries, resistors, and switches) connected by only D.C. In AS
conductors (e.g. copper cables). For electric current to flow, the circuit syllabus 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 energy
among the circuit components (e.g. resistors and lamps).

Electrical Circuit Symbols
Circuit symbols:

Electrical circuits use a Iot of components and when circuits are drawn 1+
following are the standered symbols used in circuits:-

ielr symbols are used the

—0 00— —0-0—

= e (V-
—F = (A
N

fesmtor (LDR) gé:
dcde R
Figure : Symbols of common circuit elements ~
I By Jabran Ali Kamran 174 0336485433;’
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(D.C Circuits)

raw and interpret circuit diagrams containing sources, switches, resistors,
gmmeters, voltmeters, and/or any other type of component

Note that, for a certain electric circult, there are different ways of drawing its circuit diagram

T

R

Actual circuit Circuit diagram

Two other possible circuit diagrams for the above electric circuit are as
follows:

m for the electrical circuit below

D

Example 1: Draw the circuit diagra

|

<

. =
v
i O
i - - .
! Actual circuit Clr&u:t diagram
’ % s
176 03364864345
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(D-C Circpjts)

COMBINATION OF RESISTORS- RESISTANCE IN SERIES AND PARALLEL

Resistors connected in Series |
an Ideal battery (no internal resistance)

The figure below shows 3 resistors connected in series t0 3 res
Conngction in series means the resistors are wired one gfter the other and the potential difference

V is applied across the ends of the whole series.

Figure Resistors in series-Note the current through ah the resistors is the same but voltage is not
When a potential difference V is applied across the series thel curfent through all the resistors is
the same, but the potential difference across each resistor is different and the sum of these

individual
Potential Difference is equal to the applied potential difference \Y
V1= IRy
V2= IR;
V3= IR3
V=V, +Vz+V;
V=IR;+IR2+IRs
V=I(R;+Rz*Rs)
l{-: Re= R + R, R,

Hence the equivalent resistance of a series combination is given by:
Re =R+ R+ R,
In general if there are n resistors connected in series then

IN SERIES
The resistors connected in series can be replaced by an equivalent res

Req has the same currentl as the individual resistors

Two resistors are said to be connected series if current cg
without branching

b li
I By Jabran Ali Kamran 176 03364864345
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(DA Cirsatie)

Resistors connected in Parallel

mﬁgurebelowshows 3 resistors connected in paraliel to ail idenl batiery (no inernsl eSeiencs)
aﬂmduwmpmdmrmmmﬂwnuMasmewmmdmnwwmm~anancd-undn¢v
me(her on the other side and a potential V applied across the CONNeied wies Virwr (e /Y
gre connected in parallel all resistors have the same potential difference V 86 thet of U YIH'A
put the current branches out into the P.D, is same but current is not). The total current 1 s A
is the sum of the individual currents hence

e

I=1 41+l
\" v V _ V
— = 4 — 4 —
R, R R, R,
( 1
_V_=V|l+_‘!-4r_—i
R«: R' Rz R?/
Cancelling V we get
(
_1_= _1—+_l4-_1-
Re: R‘ R2 R"/

in general if there are n resistors connected in paraliel then:

._:‘,: _1;,__1__4,_1_ -1-
R, 'R R, R, R
R,
i,
‘ 4
12 !3
.—7—-4:__.__'__,—:-—-
I, | .
| [ -
| 2
— . N\
) ~ N
S
//>\J/
FigureResistanoeinPardwpumemuwwrmumwm%}.@mbdg
resistors B //
IN PARALLEL < o e
istors connected in Parallel can be replaced’ by an resision
?a‘;ée;:rrentVasmeindividualresistorsForreuﬁors it allel cumrent in each of them
is different but the voltage is the same- S\
9"
"7 03364864345
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1178 Clreuty,

Solve problems using the formuln for the combinad resistance of twe or mg,,

resistors in series, |

Exampile 4
Calculate the effeclive esislance of &4 () and two 36 roainlins Gfnel Abel i1y seflas

Relutien:

Ron =4 + (2)(3)=100

Solve problems using the formule
resistors in parallel.

Example b
Caloulste the effective resistance of

Solution:
1 1,1,1 64443 13
R, 2 4 4 17 12
R, = 0603
Why the current Is the same in all serles resistances? And why the voltage Is
the same In all parallel resistors?
6 same current flows through nll the | Note

resietors, however polential gets divided according 1o Individual roeielance I J
valuas. Because according 1o Ohm's law V = | R, and here since Tie paime, eoretically, - for
and V Is directly proportional 1o ), Hence the potential will be ftisrent | r@sistors that have
across different resistors, aqual  resistance,
they have same V

2) In the case of parallel combination of reslstors, the same poleatinl will
axist BCross every resistor, but now current gets divided In the inverse ratio of resistance values,

for the combined resistance of two or mor

20,a3Qandadl reslstor connaectad In parallel

1) In & series circull of resistors, i

(1=V/R)this s also In accordance with Ohm's law,

Conservation of charge:

The net charge of en Isolated system remains constant, Charge cannot be created and destroyad,
but only In positive-negative pairs, It Is not possible to destroy o create charge. * You can cance
out the effect of a charge for neutralize the charge on the body) on & bady by |

sdding an equal and opposlte charge to I, but you can't destroy the charg Iteealf”
The following example makes this clear (/ ‘
If  glass rod Is rubbed with » silk cloth, due to friction the glass gets chir od ponltively znd o ik

Negstively The charging Is basically due lo the transfer o o cteons) frpm 1o
glass to the sllk. This experimant suggests that { nagative ghar -@!ﬂ‘ g ‘

\ (
. %r:nrtqo Ils transferred but not created or destroyad, N m")
e The total charge on the Glass sllk ¢ e | bing
and after rubbing. loth system remainihe #eme he zero boforg)

I By Jabran All Kemran
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(D.C Cirguits)
Gustav Kirchhoff's Junction Rule & Loop Rule The Junction rule And The
LooP rule
Kirchhoff's First Law

Kirchhoff's First Law: At any junction in a circuit, the sum of the currents arrivin junction i
' g at the junction 1S
equal to the sum of the currents leaving the junction. This is also known as ‘junction rule’.

Conservation of Charge and the Kirchhoff's First Law

alectric charge.

All 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 charg? are created from nowhere both of which don't happen, In other words - charge is
conserved.

The sum of currents meeting at a Junction

Figure ; Current ]; splits into /2 and I

If we apply this rule to the junction shown in Figure below | we obtain
Il = !2 + lg

The law can also be stated as:--The algebraic sum of currents meeting at a junction is
Zer0.

SIGN CONVENTION USED: Currents entering a Junction are taken as positive and currents
leaving a junction is taken as negative. \

Example- Consider a junction O in an electrical circuit as show below:- Here the currents
I L
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(D.C Circnity)

positive and currents leaving a junction ig taken

o and Is leave the junqtion hence I, I, are
the junction. Applying the sign convention

Figure: Currents entering a Junction are taken as

ss negative. is are entering the junction O whereas l2,!
positive and 1%. |, and | are negative as the are leaving
we get

|,+I3-Iz—|4—|5=0

Or
li+l3=la+la+ls
Conservation of charge (must know in order to solve circuit problems)

Given that we are dealing with steady currents (i.e. N0 accumulation of charge at cirpuitjunctions),
the sum of currents entering a circuit junction is equal to the sum of currents leaving it.

hth=l+l+tls

Taking currents entering circuit junction as positive and currents leaving circuit junction as

negative, we have:

|1+|2—|3—|4—l5=0
Taking currents leaving circuit junction as positive and currents entsring circuit junction as
negative, we have: ‘

|3+|4+l5—|1-'|2=0

Sample problem 1
The given diagrams show wires carrying currents |1 Iz 13, and ls, meeting at a junction. Which of the
following diagrams represents the equation I+ lp= 3+ 147

A B D
h b 1
L h )

L ’l ‘;
k h

b I
h+bh+L*=k h+h+h=4L hth=h+l Impossible, all )
(correct answer)  curments are entering
and no current
leaving.
/
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conservation of energy (must know in order to solve circult problems)

The algebraic sum of e.m.f. (i.e. sources of electrical d
(i.e. sinks of energy) for any closed loop within the cim:?:"my) is equal to the algebraic sum of p.d.

sample problem 2

Fid | and & in terms of £y, B, Ry, R2and Ry
Given that

£ =30V

E=15V

Ri=R:=Ry=10Q

find the values of /; and Iy

Solution
Conservabon of energy for the 100p. Ey+Ex =hRy+ Ry = (R + Ra)
E Y-
Ry + Ry
E;
Conservation of energy for the loop. E +E,= IR,
E, i

a “?E\:?Ez
| R TR
E,

Substruting £, =30V, E2=15Vand R, = R; =R:= 104
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’. K

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 charge T&
starting point, the charge circuit system must have the same total energy as i
charge was moved. The sum of the increases in energy as the charge passes th
elements must equal the sum of the decreases in energy as it passes throu Hrowes e
potential energy decreases whenever the charge moves through a pojentigl{d@rop -IR across a
resistor or whenever it moves in the reverse direction through a s emf. The potential
energy increases whenever the charge passes through a battery frol ative terminal to the

positive terminal. @y@
S

lements. The
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Rules for applying Kirchhoff's Laws for solving problems

Currents are labeled with the assumed sense of direction. The solution is carried out with yg
assumed sense of direction and if the actual direction of a partlcplar current is opposite to the
assumed direction the value of current will emerge with a negative sign. |
Choose any closed loop in the given network and designate & direction (clockwise o
anticlockwise) 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.

IGNS:

If a resistor is traversed positive first (the end at which the current enters a resistor is positive) then
the IR term is taken as negative, similarly for an emf source (say battgry) if the positive is
encountered first then the emf is taken as negative. In order to solve a particular circuit problem,
the number of independent equations you need to obtain from the two rules equals the number of

unknown currents.

Sample problem 3

Find the currents |, |z, and s in the circuit shown in Figure 4 below.
140V

eu_——:-'lj————ﬂf

>
S400 /’\ jlz

b!i—_—l '—L—M——Li c
lO'o\r b.“Q 11:‘
a A""'* d
200

Figure 4: Example Problem

Arbitrarily choose the directions of the currents as labeled in Figure 4 Applying
rule to junction c gives

We now have one equation with three unknowns, Iy, l2. and 15. There ar€
abcda, befcb, and aefda. Applying Kirchhoff's loop rule to loops abcda &

these Loops clockwise (shown by curved arrows), we obtain the express
abcda

irchhoff's junction

10.0 V- (6.0Q) |1 - (2.0Q)
For the closed loop befcb

-14.0V + (6.0Q) Iy — 10.0 V - (4.0Q)1

(6.0Q) Iy - (4.0Q)l; = 24.0 V

182
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t gubstituting into Equation |, + I; = |3 in the equation (2) we get
10.0V-(6.0Q) I, - (2.0Q) (I, + 1,) = 0

solving equations (3) and (4) we get
h=20A {
L=-30A ’
I3=-10A

To ﬁnalize_the prot_)lem_, 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
g!rangement can be_usef:l to divide the input voltage(Vs) in the ratio that we want. The circuit
diagram for a potential divider arrangement is shown below:

E:r a [))otential divider the current through each resistor is the same (why?they are in series,
nce).

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 R is given by: ®:
Vi=1R4 %
using (9) we get @
V, =IR, = _VR, :2

| R1 + RZ \
| Similarly, the voltage across the resistor Rz is given by: §
V2 =[R2 @
using (9) we get @
V, &
4R SE)
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(D.C Circuts)

The ratio V4 to V2 can be found as:

EL
R,

1=

<|<

Application of Potential Divider Circuits:

Temperature Sensor

le of a sensing system is a te
Qwecr?'rr\?s'?oorn(ixﬁr:g?n?istor is a kigd 3éaf resistor whose resistance dec_rez;lﬁes as t(;wg temperatu.re
increases-it is generally made of semiconductors). The the_rm:s_tor is then dqs% dmb a mf)otent.m
divider, as in the diagram in fig.8. In this diagram, the potential difference is divided between the
resistor and the thermistor. As the temperature rises, the resestance of the thermistor decreases,
so the potential difference across it decreases. This means that potent!al difference across the
resistor increases as temperature increases. This is why the volta_ge 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.

mperature sensor in a thermostat, which uses 3

Reastarce G
(snms)

0 -»

1 20 % & N &
Tempeature {ceisas)

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;
falling on them increases. LDRs are used in light-detection circui

have a resistahce

nceMalls as the am 'Q'x
own in the figurg belo

using the same technique as in the measurement of temper: can be
measured with the circuit shown below. perature
| By Jabran Ali Kamran Toa 0335485434_5—’
" |

Scanned by CamScanner



(D.C Circuits)
Fixed resistor and LDR in senes
i
Fined i
| registor | '
’ (R1) :

input

\ voltage |
\\ vin) 1
Required §
LDR sutput
®D voliage
(Yout)
\ 4

eererr———————rm ety ¥

Figure 10: LDR used in a potential divider

Potentiometer

A variable voltage-divider (potentiometer): A variable voltage divider is another form of the
potential divider arrangement it is also called the potentiometer. Consider a long piece of high
resistance wire AB connected i @ pettery as shown below:-

Between A and J a voltmeter i= cesnecied The point J is a movable contact as the point j is

moved

potential divider the potential drop increases.hence %va;ng the

Figure 11: A variable voltage tenti _
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=I%1 N @b

The drop V across the length AJ whose resistance is Ro is give

mf of the

=P
V=IR, =15 @
Dividing the above two equation we get %@
| )
’ E 1
| By Jabran Ali Kamran 185 03364864345
L |
——#

Scanned by CamScanner



Principle of Potentiometer
POTENTIOMETER:
rm wire usually made of manganin o

of a long unifo
¢ of resistance) .The ends of the wire are connecteq g

fixed on the board .The potentiometer has jockey J wit

h the potentiometer wire.

rtion of the wire is directly proportional to the length of
niform and the current constant. If | is the constant
nce between the wire between A ang J

Construction: The potentiometer consists
constantan (high Resistivity low temp coe
binding screws A and B. A meter scale is
the help of which contact can be made wit

Principle: The fall of potential across any po!
that portion, if the area of cross section is u i i
current through the potentiometer wire and if R is the resista

Then:
V=IR Note :
This equation is going to be

V=] % ! used for next application.

v
11 L ANAA
A

Thriwrr nall

1
o]
A Y B

re—

V=4l

Where ¢=1 % and ¢ is called the potential gradient.

wire is directly pro-portional to the length. This is the principle of The above equation is us

Hence the potential drop across the length of the potentiometer [ Note : J
ed
for next application.

the potentiometer.

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 compargd b, €; and to let the
driver cell potential be V. The cells are connected to the potentiometer thrgugh a'two way key. First

the key

L' ‘__
; ]-—{ $ NN
Daveredl
1
A TT ] v y-Note: N
alvanometer is cO
- < \alorg with Jocke

-IJ—-.—* @
e
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Circu

. the two way key such that the cell with i - .
putin the tthe emf £i is connected to the circuit. The jockey(movable
contact) 1 moved along the wire till at a point there is no delection in the galvanometer , at a

The EMF of the cell is proportional to the balancing length

€ =6 Note: N
. Seco ; (i) The Driver cell potential should always
simiarty Wher the hd cef Is connected greater than the potential of the cells whose
€=4l, ' Emf's are compared.
. . (ii) If one cells emf is accurately known the
dividing the equations other cells emf can be determined.
&_h
e, I

18]
[
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(Particle and Nuclear Physics

Particle and Nuclear Physics

The results of the a-particle scattering experiment & the existence and small size of the nucleus

Rutherford Alpha Particle Scattering Experiment
experiment changed the way we think of atoms. Before the

Rutherford's alpha particle scattering i :
experiment the best model of the atom was known as the Thomson or plum pudding” model. The
material "pudding” with negative "plums” distributeq

atom was believed to consist of a positive
throughout.

.Zn‘.‘lwscfm

s
e / J]_
“";\ )

Viewng \VZ
Lens ;j}i'éﬂ

By Jabran Alj Kamran
188

Scanned by CamScanner



r - b

(Particle and Nuclear Physics)

Rutherford made 3 observations:

Most of the fa?t.dhlgh\y charged alpha particles went whizzing straight through un-deflected. This

was the e)§p|ec ed result for all of the particles if the plum pudding model was correct. Some of the

glpha particies were deflected back through large angles. This was not expected. A very small”
umber of alpha particles were deflected backwards! This was definitely not as expected.

7o explain these results a new model of the atom was needed.

In this model the positive material is concentrated in a small but massive (lot of mass - not si;e)
region called the nucleus. The negative particles (electrons) must be around the outside preyentrng
the atom from trespassing on its neighbours space 1o complete this model. The diagram in next

slide will help you to understand the results of the experiment.

f‘

~ 3

A "
/ l.’;! s pancte FRIAS [
5

\ )
N b

 posiive rucies

A) Alpha particles this far from the nucleus experience littl
enough to the small positive nucleus
B) Here alpha particle will be slightly deflected as they areé closer to the nucleus, so wik&ee

some scattering @
orrannnnann e QR
@MW )
' )
postive nucieus
SN
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(Particle and Nuclear Physies

C) This close to the nucleus, the alpha experiences & large deflection, so they are scattor,
through large angles.

- " b= nuciesr mdus )

D) The alpha particle has a head on collision with the nucleus so it bounces straight back.

b —= nuclear redius (b)
v
* positive nucleus

describe a simple model for the nuclear atom to include protons, neutrons

and orbital electrons

[
jael 1Uri4n

-ve Electron Cloud
- +ve Protons

- /. Neulrons

.‘/
‘ash
|®0p,
! .. ‘ v
! | A
| o
l! Nuclens
i
L 104y /J
Protons l Neutrons
Relative Mass 1 [ 1
Charge +1 I Neutral
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(Particle and Nuclear Physics)

Particles in the Atom

AtomS contain 3 types of particles: protons, neutrons and electrons

It is important t0 qnd.erstand.that the picture above is model of the atom. It conveys an impression
of what the atom is like, but is not a completely true representation.

As an exgmple of this t_:onsider the relative sizes of the nucleus and whole atom. It can be found
rt @ typical nuclear diameter is 1 x 10 ™ m while the typical atomic diameter is 1x 10 1% m. Thus
the nucleus i§ around 10, 000 times smaller than the entire atom. You could build a model of an
atom by placing a pea on the center spot of a football stadium (to represent the nucleus) and then
placing the electrons somewhere out in the stands. The picture above certainly does not reflect this
fact accurately! Molecules are simply combination of 1 or more atoms SO are slightly larger than

atoms themselves.
Each of these particles has & inass and a charge.

_-EMI Charge/ Coulombs
Table of masses m 1.660x10" W

and charges
o TS0 0

he numbers.

It is possible to simplify this information by looking for patterns in t

Firstly, notice that the electron and proton have equal and opposite charges. A new unit of cha%
19 kg). Using this new unit we can approximateth

called the elementary charge (e = 1.602X 10° _ .
masses of proton, neutron and electron 10 be 1u, 1u and 0 u respectively. The relative at

masses of the three particles can therefore simply be statedas 1,1, 0.

Relative Mass Relative Charge
Table of Relative Proton 1 1 QD
masses and @
charges ~AN \O/
Neutron 1 A
Electron 0 Y

Many different atoms can be built using the 3 particles describsg bpye. 91 different atoms occur
naturally (the chemical element) and many more can be fou Ations where energy levels
f descending om

are high. It is useful to have 2 concise way o S.
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To descride the number of |\mtkm in @ given atam, we use this notation:
AR Pmber

pem—

ANV N

I
L?l_______ PPORNY e

The e numder (A) it calied the tuciean number (as it is the number of things in the nucleus of the
atom) of the mass number (as X is the mass of the atom,)

The hottam numbder (3) is calied the proton number (as it is the number of protons) or the atomig
number (as R is number that tells you which element the atoms belongs to).

The letters give You @ clve as to the name of the element. For example here is an atom of helium:

S AL g :‘t\w —

0 o‘ﬂ
. He &

=Y K_‘I @

(&N W::.W -

How do we know about the protons and neutons in the nudleus
Ris an estadlished sgientific fact that the atom has , central nuc
neutrons. Sut how did physicsts gather avidence 20 support this view?

~

-~
&
~

B N
US contamning protons and

The Rutherford scattening expeniment proved that the nucieus was small ana cositve but it took a
differant expenmeant 1 prove the exvsience of the protons and nautrons withia. \'ery high — enargy

SIRCrons have energy o actualy penetmate Nt the nucisus sl

Isotopes

The number of protons it an atom s crucal 1 gives you the chamge of the
gives you the number of slectons neeoed for & neutral atom. And the number of

how an atom Dehaves ang reacts chamcaly with oher 3toms. In ofhar worss, it gives vou i
partcuiar element. Change the

propertes. SO e numder of Drotors maAss Hhe atom delong 0 3 pa
number of Protons and You Change fe slement.

The number of neutrans N e nucieus s less cuaial You can changs the %::\e: of neutrons
WIEROUL CNANGING 1 CNemicy Diopertes of De aom 20 2 dDehaves in the same wav, Ams Wi
the same proton number dut aifferent numbers of neutons are calied SO G /‘\

Here are J Isotopes of Hydrogen \\ P

:— .- .* ,,;
. --‘\ ‘.s*"‘, N o= . \_/’\
\ C/

. 4 : 7‘ R : N\ —
g [-] . :-h a é i 6 - &T

- -
b - -

\

e * - S
F— P - S
S ":_-“": —_—— D S —————
Sty __-.. s

Scanned by CamScanner



F

\\

Recap-::

D‘sﬁngu‘lSh 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 :
number of neutrons various isotopic forms, each with a different

Nuclide: An atom with a particular number of protons and neutrons

|sotope: Isotopes are nuclides that contain the same number of protons, but different number of
neutron

Nucleon: Component of the nucleus = Protons and Neutrons

Decay equations

To show what happens before and after a nuclear reaction (reaction involving the nucleus of an

atom) we use equations that show both the proton (Z) and nucleon number (A). To balance a

nuclear equation (left side and right side) you have to make sure that the sum of the nucleon (top)

numbers on the left hand side equals the sum of the nucleon numbers on the right hand side AND
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.

Nuclear equations such as these are useful for explaining what happens i regioactive decay
processes. \

Unstable nuclei emit alpha, beta or gamma radiation in order to become more stable.

As a result of emitting this radiation the character of the nucleus remaining is changed. This is \
radioactive decay.

‘ By Jabran Ali Kamran 193 03364864345
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Particle and Nuclear Physics

The diagram below shows what happens when a nucleus emits alpha, beta or gamma radiations,

a decay «
-4 b |
— ﬁ Betore C@) / 4
=]

: , 4

= //

c Y

e 7.2 v 2 fewer protons
3| € 2 [ewer neutrons
g N-2 J Ater .

Proton Number Z

 decay B
= z Pl
- Before /
2| N /
E—u o
2 Z+1 e
c N a1
] -

E 1 more proton
=z After 1 tewer noutron

Proton Number Z -/

Y decay
E Belore -

o

a -

E z Y

=

= N

2 -

E arme mrTig

zﬂ ] After @ Same REUETNG
</

Proton Number Z
In alpha decay 2 protons and 2 neutrons are emitted. Notice that this reduces the nucleon number
thus formed. In beta decay a neutron changes

by 4 and the proton number by 2. A new element is
into a proton (which remains in the nucleus) and an electron (which is emitted as beta radiation).
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 undergone alpha or beta decay it is often left in a hig )
lost in the form of an emitted a gamma ray. Because position of the

This energy can be
nucleus is unchanged no new element is formed.

03364864345
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Qavwsaiy simple nuclear reactions by nuclear equations of the form
AL Al
YN+ Ho — O+ H
ANA JAAY
X =

‘>

;Y *';\\
Reta JA0AY
.:\ - ;n ‘*‘:ﬂ‘*"’
Qamma dacay
aX = Xy
Damd...
Mam = JNp+la
Ver = [y p Y
In any nudiear reaction the toiowng must always be true:
e The total atomic number before the reaction must be the same as the total atomic number
after the reaction

« The total atomic mass befare he reoction must be the same as the total atomic mass after
the reaction.

Tha first requiremant above is the statement o i cansarvation of charge in nuclear reactions.
The second requirement is the statement of the consgovation of nucleon number.

Why are some atoms radioactive?

Instability

Some atoms are unstable. They have too much enerqy or the wrong mix of particles in the
nudeus. So to make themselves more stable, they breakdown (or decay) and get rid of some
mater and’ or some energy. This is called radioactive decay and isotopes of atoms that do this are
celiad radioisotopes.

The process is spontaneous 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 useQstd tics to
accurately predict what's most likely to happen. %

Background Radiation
A Geiger counter set up anywhere on Earth will always register a ¢ % is due to tiny
r

fragments of radioactive elements presents in all rocks and soil, the e and even living

matenial. The Earth is also continuously bombarded by high — spee es 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 ar s from natural and unnatural

sources is called background radiation.

&
o)
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(Particle and Nuclear Physlcs)

The chart shows the main sources of background radiation.

AT radon andt
4% theron
Inaids homes

12% medical
ALL LY mainly from
teermatrnl | ¢ n-rays
Qamme rays
Yrowm rochn 10% cosmic
ondl sl A #(:‘ rays trom
7% innide p ¢ oviet apace
our badiey T 0 4% misealisavous
viseaing. g 4 waste OANIOM i trom aif
Ornking ond from the weapone travel and
breathing nuclear tostuand ooy watches.
Industry Chemoby!
0.2% oceupations!
trom medical and
Induntrial vses.

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

¥ (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 —
Beta particles

Beta particles are electrons — but they are called beta particled\o id
nucleus of the atom.

How do you get an electron from the nucleus? A ney

. tron splits
electron. The proton remains behind in the nucleus, th p1s Up and be

e electron is emitfad
Beta particles are also strongly lonizing (perhaps 1 beta particle will cause 1@;,“@“5),

omes and an

—
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(Particle and Nuclear Physics)

Gamma Rays

Gamma Arays are very poor at ionizing (about 1 to 1) but i
peneﬂ'at'"g)' As they are not good ionisers, they arg Iesst r:i?:'\g;?ovuesn{od;ifgcuu i d

are in fact pure energy (at the shortest wavelen

& s t -
emission accompanies most emissions of beta or alphg ;?a(retri‘cgec;,f e 1<K Speci TR EnCIOATES
Recap---

an understanding of the nature and properties of o iati
: -, B-andy- i i >
p- radiation will be taken to refer to B-) - and y - radiations (B+ is not included:

] Property 'Alpha Beta Gamma
Description thum Nuclei | Electron from the nucleus Electromagnetic radiation
"~ lonising power High Medium Low

[ Penetration gabsorbed by) | Low (paper) Medium (5mm 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 atoms 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
provide a very simple explanaticrs of a complex world. Protons, neutrons and electrons were
thought of as fundamental particles. which could not be subdivided further.

the 20™ century, physicists discovered many other particles that

However in the middle decades of ti
did not fit this pattern. They gave them: names such as pions, kaons, muons, etc. using up most of

the letters of the Greek alphabet.
These new particles were formed in two ways:

« By looking at cosmic rays, which are particles that arrive at the Earth from quter space.
» By looking at the particles produced by high — energy collisions In particle accelerators

(Figure 16.9). \
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(Particle and Nuclear Phxsks)

The discovery of new particles with masses different from t‘hose of protons, neutrons and electrong
suggested that these were not fundamental particles. Various attempts were made to tidy up this
very confusing picture.

r certain whether a particle such as the electron jg truly

In principle, we can never know fo - = o
physicist will discover some deeper

fundamental; the possibility will always remain that a
underlying structure.

Families of particles

Today, sub-atomic particles are divided into two families:
Hadrons such as protons and neutrons. These are all particles that are affected by the
strong nuclear force.

« Leptons such as electrons. These are particles that are una

force.

The word *hadron’ comes from a Greek word meaning ‘bulky’, while ‘lepton means ‘light’ (in mass).
It is certainly true that protons and neutrons arc bulky compared to 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

ffected by the strong nuclear

Figure 16.10 Particle acteterators have become bigger and
bigger as screntists have scught 10 look further and further into
the fundaments! nature of matter. This s one of the particle
detectors of the Large Hadron Collider (LHC), as it was sbovtto

be instalied. Tne entire coll:ider is 27 km in arcumiberence. y
rd
/s

fundamental questions about this family of particles. In 2013, they annour}c’éd tpefdiscover}_' of the
Higgs boson, a particle which was predicted 50 years earlier and which req@ 1 in why

matter has mass.
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(Particle and Nuclear Physics)

out the com licat i
10 sort plicated picture of the hadron family of particles, Murray Gell-Mann in 1964
' - i

osed @ new model. He s
proP uggested that they were made up of just a few different particles

which he called quarks.

Figure 16.1 1 shows icons used to represent th

- 'these are call ree quarks, together wi :
ar?;lr%u:?ést‘wo types of ha%(uj'ot:-e t;j: (3)‘ down (d) and strange (s) qugaerk:reﬁ'ff.hm2:&5’%2‘25322‘1{?3
t ® o' In either case the qua'rk ryons, made up of three quarks, and mesons made up of tw
quart ' s are held together by the strong nuclear force For exarnp?e‘0 °

A proton is made up of two up quarks and a down quark; proton = (uud)

A peutron is made up of one up quark and two down quarks; neutron = éudd)

A pi4 meson is made up of an up quark and a down antiquark; pi4 meson = (;Jd).

A phi meson is made up of a strange quark and an antistrange quark; phi meson = (ss)-

Antiqua{l;s Etlt‘;z :2;‘{";0";“& a ‘bar’ on top of the letter for the quark. Antiquarks are needed to
account for e = ar]tlrnatter. This is matter that is made of antiparticles; when @ particle
meets its antiparticle, they annihilate each other, leaving only photons of energy ’

Up ‘ Down Strange

©

Quarks \

ClS
ClS

|
]
\
|
l
|
!

@

representing three ‘flavours’ of quark,

Antiquarks ‘

Figure 16.11 lcons
up, down and strange, and their antiquarks.

Discovering radioactivity

The French physicist Henri Becquerel (Figure 16.12) is credited with the discovery of radi tiv

in 1896. He had been looking at the properties of uranium compounds when he notice y
e giving out radiation all the tim he

affected photographic film — he realised that they wer
i to shed lighton the phenomenon. %

performed several ingenious experiments

|, the discoverer of radioactivity,

in his laboratory. His father and gvandjalhcr had been
professorsof physics in P31s pefore him.
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(Particle and Nuclear Physics)

Radiation from radioactive substances

There are three types of radiation which are emitted by radioactive substarjces: glpha (o), beta (B)
and gamma (y) radiations come from the unstable nuclei of atoms. Nuclei consist 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 stablh'fy. Gamma radiation is usually
emitted after o or B decay, to release excess energy from the nuclei.

In fact, there are two types of B-radiation. The more familiar is beta-minus (B°) radiation, which ig
simply an electron, with negative charge of-e. However, there are also many unstable nuclej that
emit beta-plus (B*) radiation. This radiation is in the form of positrons, similar to electr_ons in terms
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).
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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.
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Table 16.4 The basic characteristics of ionising radiations.

Note the following points:

Is a-a and photon of electromagnetic are particles radiation of tattersim y-ray to an
(X-rays are produced when electrons are decelerated: y-rays are produded in n 00

An a-particle consists of two protons and two neutrons; it is a nucleus ofhell

simply an electron and a p*-particle is a positron. The mass of an a-partisle i : 000 times
that of an electron and it travels at roughly one-hundredth of the speed of an gfe
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piscovering neutrinos

There is a further type of particle which we need to consider. These are the neutrinos. When
gecay 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.p|ctured as the decay of a neutron to give a proton and an electron. It was noticed that p-
particles were emitted with a range of speeds- some travelled more slowly than others, It was
deduced }hat some other particle must be carrying off some of the energy and momentum
released m_the Qecay. 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: in — p+ je+V

Neutrinos are bizarre particles. They have very litle 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 p* decay, a
proton decays to become a neutron and an electron neutrino (symbol v) is released:

beta - plus (B*) decay: p—> ¢ + Se+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 B decay, a proton becomes a neutron, so again A is conserved. Secondly, proton
number Z is also conserved. In 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 2 different amount of charge after the
decay than before the decay. A similar analysis shows et Z 08 conserved in B* decay. Do these
conservation laws apply to a decay? Here is an equation thizl represents a typical a decay:

2230 517P0 *+ GHe
However, the strong force cannot explain p 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 p decay.
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