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All the quantities we deal in physics require measurements. This chapter
is built on Unit 8: Measurement of physical quantities of general science for
grade 8.

Measurement is not only a key concern in physics; in our daily life we are
always making measurements. For example when we go to a tailor shop before
sewing our cloths he takes the required
measurements.

1.1 INTRODUETIONTO PHYSICS™

Man has always been curious to know the
‘how' and ‘why’ behind the working and function
of things. He asks the fundamental questions like [ v
how did the universe begin? How does it change? | The tefescope in the foreground
What rules govern its behaviour? Why do things fall | s Gemini North, one of o pair of

W twin 8.1-m telescopes located on
to the ground? Why does the moon seem to change Mauna Kea in Hawail, Together,

shape during the month? What goes inside the sun | these two telescopes are used to
to make it hot? Physics is all about trying to answer | see the visible universe.
questions like these. All of these phenomena in the
universe involve the study of matter and energy.

‘Physics is the branch of science that involves the study of physical
universe: energy, matter, and how they are related’.

The study of physics is to understand the world around us, the world inside
us and the world beyond us. Physics covers a wide range of phenomena, from the
smallest sub-atomic particles to the largest galaxies and universe.

Physicists investigate the motions of electrons and rockets, the energy in
sound waves and electric circuits, the structure of
the proton and of the universe.

Mathematics-The Language of Physics: Physics
and human conditions improved when
mathematics was incorporated in physics some 400
years ago. When the ideas of physics are expressed
in mathematical terms, they are clearer. They
don't have multiple meanings that so often confuse

WMILKY-WAY. GALAXY
Our solar system is located in a

: : large spiral-shaped galaxy called
the discussion of ideas expressed in common the Milky Wey and the Sun fs Just

language. one of at least 100 billion stars in
The equations of physics provide compact | this galaxy.

expressions of relationships between concepts.
Also when findings in nature are expressed mathematically, they are easier to

verify or to disprove by experiment,

Physics and Science: RecalllGENERAL SCIENCE _f‘r_}r
Physics is at the root of every field of {eli&NaI=SvASNelV.CAN: 0N AT
science. Most of the major developments in [(Sli{ell RS TP AN AH ey ;) o)
Chemistry, Biology, Geology, Agricultural, KdiiL20e
Environmental science, Astronomy, Engineering |you have already used
and even in medicine have been made by | mathematics in physics when
physicists. you defined electric current ‘/',
as time rate of flow of electric

Physics, Technology and its Impact on our |charge ‘Q’ through a given cross-
section of a conductor as

Society:
Physics and technology are closely Q ! = current
related however they are also different from | /= T where :Q=;rl:1agge
=

each dther. Physics is concerned with gathering
knowledge and organizing it. Technology lets
humans use that knowledge for practical purposes. Physical phenomenon is there
behind every technology and therefore physics has a key role in the progress of
humankind and in the improvement of quality of living.

Physics provide basic understanding for developing
new instrumentation for medical applications such as
Computed Tomography (CT Scan), Magnetic
Resonance Imaging (MRI), and laser surgeries. The
image shown an advance medical imaging device
called Positron Emission Tomography (PET, ).

The use of physics in information technology has
improved the standard of communication. Maobile cell
phones are commonly used even by - illiterates.
Hologram technology is a three-dimensional image, |
created with photographic projection. The hologram
technology is also incorporated in cell phones. HOLOGRAM

QURAAN AND PHYSICS
It is generally accepted that there are more than 700 ayahat in the Quraan

dealing with the natural phenomena. Many A'yahat of Quraan ask mankind to study
nature, few are described
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[ CONTRIBUTIONTO.

Sclentists of the Islamic world cnntrihuted in the

development of physics. Few of the notable scientists
are:

Yaqub Kindi (800-873):
He was born in Busra, Iraq. He produced |

extensive research monographs on metrology, specific
gravity and tides. His most important work was done in

the field of optics, especially on reflection of light.

ibnal Haitham (965 - 1039):

He was born in Busra, Iraq. He was great
scholar of his time. His greatest work is the book
on optics named KITAB UL MANAZIR. He is also
considered as the inventor of the pin-hole
camera.

Al Beruni (973-1048):

He is afghan scholar and wrote about 150
books on physics, cosmology, geography, culture,
archeology and medicine. Al Beruni discussed the
shape of earth the movement of sun, moon and
phases of moon.

" FAMOUS PAKISTANI BHYSICISTS ™
Mohammad Abdus Salam:

(29 January 1926 - 21 November 1996),
was a Pakistani theoretical physicist. A major
figure in 20th century theoretical physics, he
shared the 1979 Mobel Prize in Physics with
Sheldon Glashow and Steven Weinberg for his
contribution to the electroweak unification
theory. He was the first Pakistani to receive a
Mobel Prize in science.

Abdul Qadeer Khan:

Abdul Qadeer Khan known as A. Q. Khan
(born in 27 April 1936) is a Pakistani nuclear
physicist and a metallurgical engineer, who
founded the uranium enrichment program for
Pakistan's atomic bomb project. He founded and
established Kahuta Research Laboratories (KRL)
in 1976, and served as both its Senior Scientist
and Director-General until he retired in 2001.
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Recall
Measurement is a com

)parison between an unknown quantity {(measurable
quantities like mass, length etc) and standard tosee how many times as big it is.

Unit is standard with which things are compared.
be made, a standard or unit must be chosen. The size of the
then found with an instrument having a scale marked in the un

_ NTITIES
"All the quantities that can be measured are called physical
In physics we study only those quantities which can be
measured. Quantities like length, mass, time, density, temperature can be
measured therefare they are called Physical quantities.

For example the length of the book can be m
stay at school is measurable,

quantities. Physical quantitie
categories:

Measurement:

Before 2 measurement can

quantity to be measured is
it.

quantities'.
defined and

easured, the duration of our
hence these are physical

5 are classified into two q
-3

A, Base quantities: Are there quantities

Minimum Number of physical quantities \n:hft“h w;e §
selected and their units are defined and standardized g
such that in terms of these all other physical quantities

can be expressed are called base quantities. The carrespanding units for these
qQuantities are called base units.

B. Derived quantities:
The physical quanti

derived quantities. The
derived units,

ties defined in terms of base quantities are called
corresponding units for these quantities-are called

7




physical
of units’. The

‘A campiete

s called system™ as St
quantities 15 rom of unite’s 18 abbreviated :
international systel short form of the Frenc

nits is @
e tional (d’ Uni;s‘] which means

+c' The international
m of Units’. Tl
-rntemaﬁanall sy:::sm o SN base units (or seven-

e f units is 3 ;
sﬁfe’:j‘n‘:m' from which all other units are denve.d.
:na::eveﬂ basic physical quantities, their Sl base units

and symbolsare given inthetable1.2.

units. Actually,
name ‘System Interna

Aeroplane pilot req'ufre!érge

number .of measuring and
information instruments for
safe flight.

T sy Ly

S| Base Unit
Name Symbol Mame Symbol

lrten-glh 1, %, r (e.t.c) meter m
mass m kilagram kg
'ﬁe. duration t second s
electric current lori ampere

thermodynamic temperature T kelvin K
amount of substance n mole mol
luminous fntensity I candela cd

TAD-BIT = WHY SIZ -
In SI SEVEN physical §= e L e S (ko
Before Sl units were standardized, Isaac Newto
quargﬂt!&sa‘rechnsen as bafe and his book while specifying the length of the
their units are defined, | pendulum reported not only as ‘37 whole 7/8 inches
standardized and are called base | long but'37 whole 7/8 London inches long’. Theinch

units, Each S| unit is defined | (unit of length) in different cities of England was
defined to have different length.

A. Sl Base Units:

carefully so that it is unigue and Similarly before SI, we had to deal with odd
upon which accurate and | conversion factors like 16 ounces in a pound or 12
reproducible measurements can | iPches in a foot or 5280 feet in a mile. S| came up.
be made. with decimal notation like 1000 metres was

as1 kilometre and 100 centimetres as 1 metre.

B. Derived Units;

Units derived from multiplying and dividing
base units are termed as derived units. In 5] units for
all other physical quantities can be derived from the
seven base units. The units for velocity and . LTy
acceleration are ‘m/s' and ‘m/s” . Xt Lo
Some derived units we:en |.:seI:I.I f:o,a;:::Ei;i:: iz't Hali sla

) Viruses (about 107 m long)
became convenient to give them their own names attacking a cell. How such
and symbols. For example force has derived units of |small lengths can be
‘kgms™” which is given special name as ‘newton’ and LMedsured?
represented as ‘N'. Some derived quantities with
derived units in terms of base units are given in table 1.3.

+ TABLE 1.3 DERIVED UNITS FOR ‘INTERNATIONAL SYSTEM OF UNITS’

Derived Quantity Derived Unit
Name Symbaol Name Symbol
area A square meter m'
volume v cubic meter m'
speed, velocity v meter per second ms’
acceleration a meter per second squared ms™
density p kilogram per cubic meter kgm”
force F newton N = kgms?
pressure P pascal Pa = kgm's®
::_nergy # | EU joule J = kgm’s?
capacitance. - C farad F=kg'm’s'A*
resistance R ohm Q =kgm's’A?

1.4 Standard Form /SCIENTIFIC NOTATION

Scientific notation is a way of writing numbers that are too bi
! or too
f-.?, bE eas;ty written in decimal form. Standard form or scientific ngtatian ?\r:::
mber of useful properties and is commonly used by scienti i
rsaudtshiy y sts, mathematicians




= Which is the average distance between earth and moon in standard form or

are either very small or very large,

: £ ith numbers that .
hecnme:: Pd;ﬁéﬁtw:oé;ﬂt\:tt:e:e numbers. For example, the mass of "1'3:';""::_ scientific notation.
approximately FD.UDO,UUI).UUO.W“-W“-“W-UW kilograms. If we use this nu & Assignment 1.1
often, we would surely like to have a more compact notation forit. This is exadc ¥
what standard form or scientific notation is. It represents a number as the product The mass F’f Earth fs 5,980,000,000,000,000,000,000,000 kg, write this number
d less than 10 (called the mantissa) and a power of 10 in'Standard form / scientific notation.

of a number greater than 1.an

(termed as exponent):
] QP 3EBIERMS NUMBER OF SECONDS IN AN YEAR

number (N) = mantissa (M)

The mass of moon can th Is be written campactly as Fi 10 kﬁ, where ‘ is Find thlE nl.lmher of SECﬂndS 1“ a d
Y = £ i - r i
the mantissa and 22 is the exponent. similarly, the diameter of atomic nucleus is 1 or SClentfﬁc_ TR year and write the answer in Standard form

which in standard form or scientifi

&

NDARD

jmal point and place it after first non-zero

c notationis 1210 m.

about 0.00000000000001m,

STERS FOR CONVERTING NUMB!

1, Ina given number N, move the dec
digit which will make it mantissa (M).

2. If the decimal is moved towards left from its given initial position then the
power of 10 will be positive and whatever is the number of digits through
which the decimal point has been moved that will be the value of exponent
{power of 10).

3. Similarly, if the decimal poin
then the power of 10 will be negative an
through which the decimal point has been m

exponent (power of 10).

We know that there are 365 days in a year (y), 24 hours in a day (d), 60
minu!:es irf an hour (h), and 60 seconds (s) in a minute (min). These four
relationships are conversion factors. Starting with 1 y and multiplying by
these conversion factors, we obtain

y=1yx 234, 240, 60 50

1w 14 1A 1p
or 1y=1x365x24x60x60s EXTENSION/EXERCISE 1.2
or 1y =31536000s |I Is this value exact? After each 4
years we have a leap year in
which we have 366 days, how
would we account for that?

i el e el i WL

t is moved towards right from its given position
d whatever is the number of digits
oved that will be the value of

For Standard form / scientific notation we
can write the termas

1y = 31536000,0x10%s

In order to get mantissa (M) in which the 1st digit before the decimal is non-
zero, we have to move the decimal 7 digits towards left. Therefore, the
power of 10 will be positive 7, that is

1y =3.1536000x10" s — NN
9| For Standard form / scientific notation we can assignment 1.2 TR TR

| write the term as : k —
distance = 384400000.0x 10%m [ i Calculate the number of seconds in a week,
AN NN NI Y 1 10 riotation. Express The number in power of

s

Average distance between earth and moon is 384,400,
in Standard form / scientific notation.

1)l For Standard form / scientific notation in order
Gl toget mantissa (M) in which the 1st digit before :
the decimal is non-zero, we have to move the ;
! decimal 8 digits towards left. Therefore, the § TETRIEYERCISE 1.1 The smallest molecule is the diatomic hydrogen (H,), with a bond length of
[EXTENSION EXER 0.000,000,000,074 m. Write the answer in Standard form.

Example 1.3

¢ power of 10 will be positive 8, that is whywe used the word average
4400000 10%m — in problem statement. -




I term as
In Standard form / scientific notation we can write the

4x10°m
Bondlength= 0.00000000007
notation in order to get mantissa (M) in which

For Standard form / scientific e tho T
decimal is non-zero, we have
ikl st the power of 10 will be negative 11, that is

digits totheright. Therefore,
Bondlength=7.4x 10~ m— s

Which is the bond length for diatomic hydrogen in standard form /
scientific notation.
AVERAGE MASS OF HOUSE ELY

tica) is having a mass of only
in standard form /

Assignment 1.3
{Adu!t housefly (Musca domes

about 0.000,021,4 kg. Express this number
scientific notation.

1.5 PREFIXESTOPOWEROETEN _
Amechanism through which a very small or very large number is expressed

in terms of power of ten by giving a proper name to it is called prefix to the power

of ten.
Prefixes makes standard form to be written _even more easily. Large
numbers are simply written in more convenient prefix with units.

The thickness of a paper can be written conveniently in smaller units of

millimetre instead of metre. Similarly the long distance between two cities m:lyf
be expressed better in a bigger unit of distance, i.e., kilometre. A useful set

prefixes in S to replace powers of 10aregiven in table 1 .5.
TABLE 1.5 PREFIXES

ACTIVITY 1.2 [Tl Thplils

Calculate your height in centimeters and
meters and your mass (notice that we do not
say weight) in kilograms.

_GANYOU TELL7

Choose the base physical quantities and
derived physical quantities from the

following.
Temperature, Volume, Time, Area, Density,
Length :

CAN YOU el
7
TELL? symbol |
Name the convenient -

unit you will use to [ Exa 10" E deci 10 d
measure. Peta 10" P centi 10? c
a) width of a book Tera 10" T milli 10" m
b) length of a room giga 10" G micro 10* B
c) diameter of a wire Mega 10° M nano 10" n
d) mass of candy kilo 10" k pico 10" P
e) mass of cricket hecta 10° h femto 10" f
ball. deca 10 da atto 10" a

SEUICRIRD SIZE OF BACTERIUM

Aét:pical bacterium has a mass of 2.0 fg. Express this measurement in terms
of ke.

INEORMATION

The mass of this mosquito can
be expressed several different
ways: 1x 107 kg, 0.0 1 g, or 10
mg.

Given mass m = 2.0 fg

We know that
kilogram  fkg=1x10

m= 2fs

M= 2fg=2x10"5 4x k3

1x103 ¢

=0 e '._l:_ =

this number to standard form and write thisn

femtogram 1fg=1x10"¢g ?\

therefore m = 2fe=2x10""8 ke _m

The smallest bird is the bee hummingbird. Males measure only 0.057 m, Convert

g

| mbercasis is a respiratory

disease (infectious) caused by a
|bacteria known as
[ﬂrcabacterhnn tuberculosis.

umberin millimetre.

The distance from Peshawar to Lahore throu
number to megametre (Mm).

gh motorway is 489 km, convert this




Given Distance d = 489 km :
We know that  kilometre km= 1><1Dém
and megametre  IMm= 110" m

MM o agokm=489x107 Mm
1x10°

d = 489 km= 489 x10° pix

If we go to Lahore by aeroplane,
the distance shortens to 376
km, why?

d = 489 km=0.489 % 10° Mm

therefore 489km=0.489 Mm —{XBaas

Assignment 1.5 luliiel 1ol

Calculate the distance from Peshawar to Lahore in millimetr?s. y

ZO=-=2Cr ow

1.6 MEASURINGINSTRUMENTS =
‘Measuring instruments are devices Lo meas

i i ts. These range from

Physicists use large number of measuring mstn._lrnen _
simple cb;:cts such as rulers and stopwatches to Atomic Force Ml_cros_,ccpe (AFM)
and Scanning Tunneling Electron Microscope {STEM). All measuring instruments

have some measuring limitations.

F.eas_t count is the minimum value that can be measured on th_e scale of

ure physical quantities’.

measuring instrument.

While using a measuring instrument, it is therefore important to take
certain precautions in order to obtain an accurate reading.

1.6.1 METRERULE

This instrument is used to measure
the lengths of objects or the distance |
between two points. L

Rulers are made from different
materials (wood, plastic, metal) and in a

POINT O PONDER

INCHES ON METRE RULE:
Why are inches and feet

wide range of sizes. Metre rules are one
metre long as compared to the standard
metre. Metre Rulers usually have 1000 small
divisions on them called millimetres. Such
metre rulers have least count of 1 mm.

marked on metre rule? Show
the relationship between foot
and inch to metre, centim"e!:m
and millimetre.

1.6.2 VERNIER CALIPER

‘Adevice used to measure a fraction of smallest scale division by sliding
another scale aver it is called vernier caliper'. It is a device used to measure
small length accurately upto 0. 1mm or 0.01¢cm.

It can be used to measure the thickness, diameter or width of an object and the
internal, external diameter of hollow cylinder.

}

There are two scales on vernier callipers.

Main (fixed) Scale:

A main scale which has markings of usually of 1 m i
PO enc i ¥ m each and it contains

Vernier (sliding) Scale:

A vernier (sliding) scale which has markin
_ gs of some multiple of the
marking on the main scale. The vernier scale usually has length of 9 Ir:‘nm and is

Vernier Constant (Least Count of Vernier Callipers):

Minimum length which can be measured accurately with the help

of a vernier callipers is called vernier constant or least count of vernier
callipers.

Least count is calculated by two methods:
Method 1:

The difference between the value of one main scale division and
the value of one vernier scale division i.e.

Least Count= One Main Scale Division — One Vernier Scale Division




Vernier Caliper

T D P o it el @

™ -

o == |
® O,

Outside Jaws: used to take extemal measures of the object

jnside Jaws: used to take intemal measures of the object

Depth Probe: used Lo measure depth of the objects

Main Scale: Used in centimetre or millimetre meastirements

Main Seale: Used in inches measurements

Vernier Scale: Used in centimetre or millimetre measurements

. Vernier Scale: Used in Inches measurements
. Retainer: Used to block movable parts

DML W=
R

If one main scale division is 1 mm one vernier scale division is 0.9 mm,

the least count is 0. 1Tmm.

Method 2:
Mathematically, least count can also be obtained from dividing the value

of smallest division on main scale by total number of divisions on vernier scale.
Leasiatint smallest division onmain scale
eastLoUNt= o tal number of divisions on vernier scale

If the smallest main scale division is 1 mm and vernier scale division has
10division on it then the least count is

LeastCount= J%T =0.1mm

ZERO ERROR IN:VERNIER CALIPER:

On closing the jaws of the calipers, the zero of the Vernier Scale may or may
not coincide with the zero of the main Scale. If their zeros does not coincide,
there is zero error in the instrument. The zero error and its correction will be

discussed in laboratory work.

Suppose we want to measure the diameter of a small solid cylinder with
ernier caliper we will use the following method.
. Note the least count of the vernier, (it is usually written on vernier caliper,
otherwise we can find it out by method described previously) which in our case
is0.01 cm (0.1 mm).

2. Close the jaws f?!ly with no object between the jaws. If the zero line of the
vernier scale coincides with the zero line of the main scale then there is no
Zero error.

3. Now fix the solid cylinder in between the two jaws and tighten the vernier with
the help of screw ‘S’ suppose the zero of the vernier scale is to the right of 1.9
c¢m the mark and to the left of the 2.0 cm (20 mm) mark as shown in figure 1 z
Thus the required length is somewhat greater than 1.9 cm (19 mm). i
4. To ﬂnd the fraction to be added. We see that division of the vernier scale which
cmm_:tdes (in line} with any division of the main scale. As the 6th division of the
vernier scale coincides with one of the main scale divisions as in figure 1.2.
- Multiply the least count 0.01 cm (0.1 mm) by 6 which gives 0.06 cm (0.6 mm)
and add to 1.9 cm (19 mm). The measured length is 1.9 cm + 0.06 cm = 1.96 cm
or19mm+0.6 mm=19.6 mm

Hence the diameter of solid cylinder is 1.96 cm (19.6 mm).

5

LAB WORK
To measure the area of cross section by measuring diameter of a solid
cylinder with vernier callipers.

To measure the volume of a solid cylinder by measuring length and
diameter of a solid cylinder with vernier callipers.




1.6.3' SCREW GAUGE

‘A device used to measure a fraction of smallest scale division by rotatory
motion of circular scale over it is known as screw gauge’.

Pitch of Screw Gauge:

The distance traveled by the circular scale on linear scale in one rotation is
called the pitch of the screw gauge.

Figure 1.3 AT
Datum Line
Anvil  Spindle / Central line  Thimble

Q' 45 4 h\
Main scale _ Ratchet

Sphere

Least Count of Screw Gauge: _
The minimum length which can be measured accuratelybya screw gauge is
called least count of the screw gauge. The least count of screw gauge is found by
dividing its pitch by the total number of circular scale divisions.
Pitch of Screw Guage
Total Number of Divisionson Circular Scale

LeastCount =

If the pitch of the screw gauge is 0.5 mm and the number of divisions on circular

scale is 50 then

0.5mm _ 4 01mm

e.g. LeastCount=

If the pitch of the screw is 0.5 mm and the number of divisions on the
circular scale are 50 then the diameter of small sphere is measured by
using a screw gauge by the following method.

1. Note the pitch and least count of the screw gauge.

2. Place the object between thimble and anvil. Now turn the thimble until
the anvil and spindle gently grip the object. Then turn the ratchet until it
starts to click. The ratchet prevents the user from exerting too much
pressure on the object.

Read the main scale reading. For example, in figure 1.4 the edge of circular
scale is lying between 5.5 mm and 6.0 mm, i.e. the diameter of the sphere
ismore than 5.5 mm and less than 6.0 mm.

To know the part more than 5.5 mm. We look for the division of circular
scale (Thimble scale) which is in front of the datum line. In figure 1.4 it is
18, '

Now multiplying 28 by the least count which is 0.01 mm we get 0.28 mm.
Add this product to 5.5 mm.

5.5 mm + 0,28 mm =5.78 mm
Thus 5.78 mm is the diameter of the sphere

ZERO ERROR'IN SCREW GAUGE

Turn the thimble until the anvil and spindle meet. If the zero mark on the
thimble scale does not lie directly opposite the datum line of the main scale
we say that there is zero error. The zero error and its correction will be
‘discussed in laboratory work.




LAB'WORK'

Measure the thickness of a metal strip or a wire by using a screw gauge.

S GFEHYSICS BOOK'AND PAGE:
With your ruler find the thickness of the book excluding cover, now divide the

number by the number of pages in the book also compare the result with the
measurement you take with screw gauge.

ACTIVITY

STRUMENTHS MORE ACCURATE? W~
Which of the following is the accurate device for measuring length :

A) a vernier callipers with main scale of 1 mm marking and 50 divisions on the
sliding scale

B) ascrew gauge of pitch 1 mm and 25 divisions on the circular scale

l Assignment 1.6

| ACTIVITY ~ READINGS OF VERNIER CALIPERS AND SCREW GAUGE

Read the following Vernier Caliper measurements, with main scale calibrated
in 51 units.

i 2 3 4
L

2 ¥ 4 5 & 7 : 2 3
|||-.-.I'.|..l 1] llum|||||ru--—lu-n|--nr-|--J----rm --i-ll'llln!'l--ll'l.t_llllll ITLIT]
L | |

Read the following Micrometer Screw Gauge measurements, with main scale
calibrated in Sl units.

1.6,4 PHYSICAL BALANCE $ ——
The mass of a body is difficult to determine, but it can be compared ead:-;} ::
against a body of known mass. This process of_com;?ari_ng t_he ma?ses of twhu b: Ilea
is commonly known as weighing process. This weighing is carried out throug
balance. o
Physical balance is just a common balance where there are two pans

you measure weight of an|[ — —— | 1
o & 5 op nd
object by putting it in one pan el

Beam agate plate
and a known weight in the | Balancing = ' -
other. Screw

A p?‘rysical balance is a | Pointer Pilar
very sensitive common balance [
which can measure weights in |  scale S

milligram order. It is placed ina
protective glass case so that
even dust and wind can not

affect the accuracy of the = o -

instrument. Adjustment knod | oy eiing screws |

156.5 STOPWATCH:

The duration of time of specific interval is ‘
measured by a stop watch. It has two main types i.e. I
mechanical and digital.

A) Mechanical / Analogue Stop Wateh:

It consists of two hands a small minute hand and 2
long second hand. Scales for each hand are marked ona |
circular dial. To note the time both the hands are set at |
zero by pressing and releasing the knob. As the knob is
pressed and released again, the watch starts.

AMALOGUE STOP WATCH |
|4 Mechanical | onalogue
istop watch can measure

i . up accuracy of 0.1
When the second’s hand completes two rotaticns | ....4. this {f ks et

of 30 seconds each, the minute hand advances by one count of mechanical or
analogue stop watch.

division. When it is required to be stopped, again the l
same knob is pushed, the watch stops, and time can be !
noted. |
B) Digital Stopwatch: &

The timing functions in digital stopwatch are
usually controlled by two buttons on the case. Pressing
the top button starts the timer running, and pressing the
button a second time stops it, leaving the elapsed time
displayed.

A press of the second button tlfen resets the
stopwatch to zero. The second button is also used to

record split times or lap times. When the split time oy is e feast count o
button is pressed while the watch is running, the display |digital stop watch.

[N
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freezes, allowing the elapsed time to that point to be read, but the watch

mechanism continues running to record total elapsed time. Pressing the split
button a second time allows the watch to resume display f total irne.

1.6.6 MEASURING CYLINDER: %

The volume of a liguid can be found by measuring cylinder which is made of
transparent plastic or glass and it -————

has a vertical scale in milliliter [ _Fi8vre 1.5 Measuring Cylinder
{ml) or cubic centimeter (cm’).

Measuring cylinder can be used

for measuring the volume of an Second

irregular solid body such as key as First s Reading

shown in figure 1.5. Reading

Water is poured into a
measuring cylinder until the

cylinder is about half full. The Viliiod o the Jity an b catiilated by fluding the

volume is measured, and then an difference in the rise of water level.

irregular shaped object is —————
lowered gently into it. E

When the object is completely immersed

the volume of the water is read again. The volume
of the object is found by subtracting the first
reading from the second. |

LESWRIY ONE LITER MILK IN S| UNITS
aliter (L) is the volume of a tube that
5 10 cm by 10 cm. If you drink 1 L of

nilk, how much volume (a| in cubic
entimeters and (b) in cubjc meters

Why 20 °C is written on
Measuring Cylinders?

rould it occupy in your stomach?

(a) The volume of a cube of side L is V = ', The volume in cm’ is found directly
from L = 10 cm. Calculate the volume incm’is

Jv= P = (10 em)’ = 10° e’
(b) To find the volume in m’, convert cm’ to m® using the conversion factor 1

["3. 7EROs to the left of significant figures are R G, ECAwart T, 80k Y- =

-5
or  10%em® =103 g » 10 m*

-

therefore  10° em® =103 m?

IREIL AR ML CONVERSION

A beaker contains 200 mL of water, what is volume of water in cm’® and m’. i

1.7 SIGNIFICANT FIGURES ' ;

- There are two types of values, exact and measured. Exact values are those
that are counted clearly. For example while reporting 3 pencils or 2 books, we can
indicate the exact number of these items.

On the other hand values associated with measurements of any kind are
uncertain to some extent. For example, if we want to measure the length of a
pencil with an ordinary metre ruler having least count of 1mm and we note that
the length of the pencil is greater than 67 mm and less than 68 mm. We can
estimate that the length of the pencil is 67.5 mm. This length is accurate in mm up
to 67, but the last fraction of mm has been guessed. There is a chance of error in
the last figure. Itis known as the doubtful figure.

The number of accurately known figures and the first doubtful figure
are known as significant figures,

GENERAL RULES FOR WRITING SIGNIFICANT FIGURES

1. NONZERO digits are always significant.
That is all the digits from 1 to 9 are |
significant. For example the number of
significant figuresin47.73 is 4.

2. ZERO in between two significant digits is
always significant. For example the |
number of significant figures in 32.50063 i5 | S oer mmber
T | of significant digits.
For example when we

Some time through
calculations the
calculator shows
more significant
digits than required,
these numbers

not significant. For example the number of | 0.0393701 inch), then by multiplying

A ; 7 £7.5 mm to inch will give us 2,65748175
significant figures in 0.00467 s 3. iiches we have to found off the number

4. 7EROs to the right of the significant figure | topropersignificant digits.




Unit-1 i S
may or may not be significant. In decimal fractions zero to the right of a
decimal fraction are significant. For example in 7.400 there are 4 significant
figures. However if the number is an integer number of significant figures can
be found out by accuracy of the measuring instrument. For example in number
80,000 we may have 1, 2Zoreven 5 significant figures.

5. In scientific notation or standard form the figures other than power of ten are
all significant, for example mass of electrons i59.11 x 10"'kg. There are three
significant figurein it.

RULES FOR ROUNDING OFF SIGNIEIGANT FIGURES * .
1. If the last digit is less than 5 then it will be ignored. e.g. ROUNDING OFF
2.6573 is rounded to 2.657. 2,.6574818

2. When the dropping digit is greater than 35 then the last 1.55743@
retained digit increases by 1 e.g. 2.6578 is rounded to 2.658. +

: 2.65748)
3. When the dropping digit is 5 and the last retained digit is 4 .’f
even then the last digit i.e. 5 will be dropped without 2.6574)
affecting the next one. e.g. 2.6585 is rounded to 2.658. 2,657}
4. If the last digit is 5 and the 2nd last is an odd digit then the ! 62'9
2nd last digit is increased by 1 in order to round off 5, e.g. 3
2.66

2.6575 is rounded to 2.658.

Ehysics: The branch of science which deals with the study of properties of matter
and energy along with their mutual interaction.
Physical Cuantities: Quantities that can be measured.
International system of units: The international system of units which consists of
seven base units and a number of derived units.
Seven Base Units: metre, kilogram, second, ampere, candela, Kelvin and mole are
base units of system international.
Scientific Notation: An internationally accepted way of writing numbers in which
numbers are recorded using the power of ten and there is only one non zero digit
before the decimal.
Vernier callipers: Adevice used to measure a fraction of smallest scale division by
sliding another scale over it.
Screw Gauge: A device used to measure a fraction of smallest scale division by
rotatory motion of circular scale overit.
Stop Watch: It is an fnstrument used for measurement of time interval.

significant Figures: The accurately known digits and first doubt full digit in any

measurement.

NOBEL LAUREATES: Find out who were the Nobel laureates for physics last

year, and research their work. Alternatively, explore the history of the Nobel
Prizes. Who founded the awards? Why? Who delivers the award? Where?
Document your sources and present your findings in a brochure, poster, or

presentation.

STANDARD UNITS: Create a poster, chart or other presentation to be
displayed in the classroom depicting standard units for length, mass and

time. Depict examples ranging from the very large to the very small.

GROUPR-C

PAKISTAN COUNCIL OF SCIENCE AND TECHNOLOGY: Write a publication
essay for school library on Pakistan Council of Science and Technology.

Define its role and function.

HISTORY OF S| UNITS: Write an article for school library on how 51 units of

measurements came into being. Also describe how they are more convenient

units.

METRE RULE: Make a simple length measuring metre rule (from paper or any

other easily available material) for use in school laboratory.




CONCEPTURL'QUESTIONS 1

Give a brief response to the following questions.
@ How technology is shaped by physics?
@ Physics and biology are considered different branches of science, how
= U @ How many millimeters are there in 10 cm? physics links with biology?
o A 100mm B.200mm C.50mm  D.10mm & Why are measurements important?
I @ which of the following quantity can be measured using a micrometer? €@ Why area is a derived quantity?
A. current  B. force C. length D. mass @ Name any four derived units and write them as their base units?
@ The instrument best measures the internal diameter of a pipe is @ Why in physics we need to write in scientific notation?
A. screw gauge B. vernier caliper €} What is least count? How least count for vernier calliper and screw gauge
C. meter rule 0. measuring tape are defined? .
@ Which prefix represents a largest value? @ Hn:;\:.r ;a:? we find the volume of a small pebble with the help of measuring
A. mega B. giga C. peta D. exa Lo
© Which of the following is the smallest prefix? . GOMPREHENSIVE QUESTIONS’
| A atto B. pico C. nano D. femto Give an extended response to the following questions.
@ which of the following numbers shows one significant digit? : @ Define physics. How physics play a crucial role in science technology and
A 1.1 B. 6.0 €. 7.1 D. 6 x 107 ' |  society? '

@ What is 517 Name 5l base quantities and their units.

© What are physical quantities? Distinguish between base and derived
physical guantities.

@ What is standard form or scientific notation?

© What are prefixes? Explain with examples.
@ Describe the construction and use for measurement of the following

@ Which of the following numbers shows 4 significant digits?
A. 900.8 B. 4 C. 5174.00 D. 0.0002

@ A light year is distance traveled by light in one year. It travels about
9.460 = 10" m. How many significant figures are in this number

A. 6 B. 2 c.3 D. 4
© 0.2 mm in units of meters is

instruments:
| A.0.0002m B. 2%10°m  C. none D. both Aand B a. Vernier Calipers b. Screw gauge
| (@ KITAB UL MANAZIR is the name of book written by @ What is meant by the significant figures of measurement? What are the

main points to be kept in mind while determining the significant figures
of a measurement?

A. Yaqub Kindi B. Ibnal Haitham
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UNUMERICAL QUESTIONS
@ Write the number in prefix to power of ten a.
can detect a mass change as small as 107 kg. b. animal with
collapsed star made primarily of neutrons) is ab maximum speed
Earth. c. Earth to sun distance s 149.6 mittion km . of 114 km/h
length {commonly used in atomic

Cheetah is the

ical nano-oscillators
Mechanica fastest land

The nearest neutron star (a
out 3,00 x 10" m away from !

@ An angstrom (symbol A) is a unit of . :
physics), defined as 10" mwhich is of the order of the diameter of an atom. ‘

a. Howmany nanometersarein 1.0 angstrom?

b. How many femtometers or fermis (the common unit of length in
nuclear physics) are in 1.0 angstrom?

Unit

c. Howmanyangstromsarein 1.0m?

© Thespeed of light is c = 299,792,458 m/s.
a. Write this value in scientific notation.

b. Expressthespeed of light to

KINEMATICS

After studying this unit you should be able to:

describe using examples how objects can be atrest and in motion simultaneausly.
identify different types of motion i:e; transtatory, (rectilinear, curvilinear, and randomy);
rotatory and vibratory motions and distinguish among therm.

differentiate with examples between scalar and vector quantities.

i, five significant figures, ii. three significant figures. I

@ Express the following in terms of powers of 10.

a. 7 nanometre b. 96 megawatt c. 2 gigabite

d. 43 picofarad e. 2 millimetre, |

@ Write the following numbers in standard form: |

a.  Mass of Bacterial cell: 0.000,000,000,005 kg
b. Diameter of Sun: 1,390,000,000 m

WEBLINKS -~ — = =

http:/ /www.introduction-to-physics.com/
http://www.bipm.org/en/about-us/

converter.htm

http:/ /www.flippingphysics. com/significant-figures. html

http://www.rapidtables.com/convert/number/scientific notatj
. ion-
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differentiate with exdmples between distance and displacement, speed and velocity.
represent vector guantities by drawing.

define the term speed, velocity and acceleration.

plot and interpret distance-time graphand speed-time graph.

determine and interpret the slope of distance-time and speed- timegraph.
determine from the shape of the graph, the stateofa body.

i.atrest fii. movingwithconstantspeed il maving with varfable speed.
calculate the area under speed-time graph to determine the distance traveled by the
moving body.

v derive equations of motion for a body moving witha uniform acceleration inastraight
line using graph.

v solve problems related to uniformly accelerated motion using appropriate equations.
¢ solveproblemsrelated tofreely falling bodies using 10 ms* as the acceleration due to

gravity.

—




Mechanics is the oldest of all physical sciences- Mechanics deals with the

study of motion of objects.
verse isin

Everything in our uni
through space in the Milky way Galaxy. Eart
People, animals,

rotating about its own axis. ;
move about on Earth’s surface. The elementary particles that make up all matter,

too, are constantly inmotion.

There are two main branches of me
Dynamics. Kinematics will be focus of study in this unit.

Kinematics is derived from the Greek word for motion. Kinematics is
the branch of physics which deals with the study of motion without going into
detail of what causes the motion.

a state of motion. Our solar system moves
h revolves around the Sun while

chanics. Thev are Kinematics and

2.1 REST ANDMOTION

A body is at rest with respect to an observer if it does not change its
position with respect to an observer. Abody is in state of motion with respect to an '
observer if it changes its position with respect to that observer,

Inorder to ﬁescn:hg the motion of an object, we must first be able to describe its
position—where it is at any particular time. More precisely, we need to specify its
position relative toa convenient reference.
Position is the location of object relative to some reference.

:ba;:tr.; glt:all{ taken as reference, and we often describe the position of ﬁﬁ
relates to stationary objects on earth. For example, a teacher’s

position could be describ
toacdit board. ed in terms of where she is in relation to the nearby

We can equally use references that
are not stationary but are in motion
relative ta the Earth. For example,
to describe the position of a person
in an airplane, we use the airplane
as the reference, not the Earth as
shown in the figure.

o physic 1¥ DATE'S,2.2018 &) COLOR SCAN SET 3-B

air, and countless other objects

TABLE 2.1 TYPES OF MOTION
Typ | D Examples

e | escription

i Changes in position of a body Motion of a horse or mation of
1. Translatory Motion jas a whole. The line or path of a ball, moving car, falling

motion could be straight or bodies, rowing boats, flying
curved. birds

Translatory motion is again divided into following types

A. Rectilinear Motion | Straight line motion  Motion of free falling bodies
B. Curvilinear Motion Circular or curved path motion Motion of cricket ball being
. hit forsix

3 Flight of butterfly or motion
C. Random Motion Irregular motion of gas molecules

R;;Eon:f a bndy as a_whnle. L),

around a fixed axis, in this type Motion of wheel of a cycle,
the hands of a clock, the

of motion the particles of the . .

body moves in a circle wings of atuming fan

1. IRotatary Motion

The oscillation of a mass
The repeated forward and attached to an elastic spring,
backward motion of an object motion of swing and the

3, Vibratory Motion

| about its mean position vibration of a plucked violin
‘ string.

L

The motion of a body can be translatory, rotatory, vibratory or any
combination of the three at the same time. e.g The motion of a cricket ball can
have translatory as well as spin ( rotatory) motion. The atoms/ molecules of gas
can vibrate, rotate on its axis and at the same time can move freely in its
container.
Objects can be at restand in motion at same time:

For same event two observers can have different observations. For
example a body in train is in mation with respect to an observer on ground.
Whereas the same object is at rest with respect to another observer in train
moving with the object. Thus the motion and rest are not absolute but relative.
This means that we have to specify the observer while telling about the rest or

motion of the body.
Rest and motion are relative:

As position needs reference,
specification of observer.

therefore rest and motion also need




For example when teacher changes her position in [Figure 2.1) Re'a_“'*e Motion
the classroom while students are sitting on their :
chairs. According to students observation the
teacher is in motion. Interestingly, teacher while
moving also observes the students to move as well.
Similarly, when Sara leaves in train and her cousin
John sees her off. As the train starts moving 5ara
see John moving to the right, (as shown in the
figure 2.1) with same speed as John see Sara
moving to the left.

2.2 SCALARS'AND VECTORS

Physical quantities can alse be categorized
on the basis of their directional properties,
In order to fly a plane, pilots needs not only to know how much crosswind is
blowing but in what direction in which they intend
to fly. In order to build bridges, engineers need to A
know what load a particular design will support. In
Sl{ch conditions the directional properties of
physical quantities become more important.
A. Scalars or Scalar Quantities:

. Physical quantities which can be completely
descrlbed by only its magnitude (or size).
Magnitude means number with proper unit, for

example mass isascalar quantity and can be specified as 2 (number) with kilogram
{proper unit). We do not need to know in what direction mass is needed.

These quantities can be added, subtracted and multiplied by using

ordinary algebra, For example if we took 2 k
E f
sugar we will have (2kg + 3kg) 5 kg of sugar. g of sugar and add another 3 kg of

Examples of scalars are density, s i
: , speed, distance, ener charge, v
povier, temperature, electrical resistance, electric current aml:lg !!';leat ertg;: e

B. Vectors or Vector Quantities:
Physical quantities which can b

size) as well as direction are called v,
(such as weight, velocity, or friction)
direction for a complete description and

Representation of vectors:

What John see from
platform

; Vectors can be represented in two ways,
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A.  Symbolicrepresentation:

Symbc-lically a vector is represented by a bold face letter either capital or
small. (e.g A, a). Vector can also be represented by a simple face letter with an
arrow over or below it. In this book we will represent vectors by letter with an
arrow over it. Forexample A B» €' orD.

B. Graphical Representation:

A graph is a visual representation of information, showing how one
guantity varies with another related quantity. Graphically a vector is
represented by an arrow, the length of the arrow gives the magnitude (under
certain scale) and the arrow head points the direction of the vector.

The starting point of the vector is called tail of the Head

vector and the ending point is called head of the | - /

vector as shown in the figure. Toil

Coordinate Systems are used to represent vectors:

Vectors are| Figure23
considered with reference to

Geographical Coordinate

coordinate axes (any sets of N System: One coordinate system is
values that indicate the the Geographical Coordinate
position of a point in a given | W E | System having different directions
reference system). To use Y as North (M), East (E), West (W)
vectors in applications we S and South (S) NEWS as shown in
place them on a coordinate figure.

system. Description of two y Cartesian Coordinate System:

coordinate systems The Cartesian coordinate system|
{(Geographical Coordinate consists of a harFonml line called
System and Cartesian| X ¥ | the x-axis (XOX') and avertic.}l

dinate system) is given in 0 line called the y-axis (YOY')
ik 3 3 ? 5 intersecting at a point called th
figure 2. Y b,

Steps to Represent a Vector in'Coordinate System
The following method is used to represent a vector
1. Draw acoordinate system.

. Select asuitablescale. ; -
. Draw a line in the specified direction. Cut the line equal to the magnitude of|

the vector according to the selected scale.

. Putanarrow in the direction of the vector.




For example the representation of
Al-Khalid tank {main battle tank jointly
developed by China and Pakistan) as it
moves to 50 m from origin towards 30° North

of East, in both coordinate systems is T

Figure 2.4 The position of Al khalid tank

Draw NEWS coordinate system and select a N Scate: €M =10m
suitable scale | "S5cm =50m
10m =1 cm, therefore 50 m = 5 cm Ii Qm,':ac-‘“
We draw a line of length 5 cm an angle of 30° W—‘Kﬁ— E
from East towards North. , 0
5
Draw Cartesian coordinate system Y Scale: 1 €M =10m
corresponding to Geographical Coordinate I i 5.cm =50m
System and select a suitable scale | o
C
10 m =1 ¢m, therefore 50 m = 5 cm Lag%:i"”
We draw a line of length 5 cm at an angle of 30° X i 30 X
from X-axis (taken as east). ' 91,
Y

2.3 Terms associated with motion:

Position of an object can be described in rectangular coordinate system
Wf?ere origin O can serve as a reference point. If one or more coordinates of ar;
object change, we say that the object is in motion. The choice of a set of axes ina
frame of reference depends upon the situation. For Exémple, for describing

mo:mnrin one dimension, we need only one axis. To describe motion in two/three
dimensions, we need a set of two/ three axes,

Position of an object is usually represented withlettersx, r, s, lor d

‘The length of path traveled between two positions is called distance’

Distance has no direction and therefore it
usually denoted by Ax, Ar, 4s, Al or Ad, and has Sl un:

is a scalar quanti ty. Distance is
itas meter.

e el i sl i i 3 i =

— . e

2.3.2 DISPLACEMENT

‘The shortest directed distance between two positions is called
displacement. Straight distance from one point to another is called
displacement’. '

Displacement has direction and therefore it is a vector quantity.

Displacement is usually denoted by AX, AT, :
43, Al or Ad, and has Sl unit as meter (same
as distance).

For example, if your friend asks you
how far is your home from school and you
tell him that it is about 4 km from school.
You actuatly told him the length of the path
covered by road, it could be a complicated
motion (twisted, zig-zag and curved), you .
specified distance of your home. On the | schgol is taken at the origin of
other hand if you reply that it 1.6 kmstraight | geographical coordinate system.
towards east, this time you are telling him | distance to home is shown with blue

displacement of your home. The situation is | color line and rg;spiacement to home
; =
shownin figure 2.5. is shown with redarr

' Figure 2.6 BwMHGhle and Displacement

Starting point

Starting point Ending point

B —»—@

Ending point

The magnitude of displacement can
be equal to the path length
traversed by an object (distance).
For éxample straight line motion.

The magnitude of the displacement for a
course of motion may be zero but the
corresponding path length (distance) is not
zero. For example same starting and

ending points.

e /e S ———

. . ‘Measure of the distance (4s) covered with passage of time (At) is called

speed (denated by v)'. Mathematically

5¢ =5
distance S5 as T | —FEB

--———'—‘__
elapsedtime

speed =
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TABLE 2.2: TYPICAL SPEED VALUES
e speed (km/h)
| Continental drift. 3«10 Lk
ll'-_‘-uon receding from the Earth 1.3x10" 4.68x10”
'Gmwth rate of bamboo 1.4x10” 5.0x10”
fc::mfunal:te bicycling speed. 6-7 20-25
lEar (freeway): cheetah 30 110
J Fastest recorded ball speed (a golf ball) 9 328
| Wind speed of a powerful tornado 130 468
Muzzle velocity of M16 rifle ) 975 3510
Speed of the Earth in orbit around Sun. 29,800 107,280
Speed of light (fastest speed) 299,792,458 1.1 x10°

‘Measure of displacement covered ( S ) with passage of time (T ) is
. di _ called
velocity (denoted by v)', Mathematica Uy v

displacement

velocity = —r——="1L E:i
4 elapsedtime .3 t :2:4]]

_— As dl's‘p[acement is a vector quantity, therefore velocity is also a vector
quantity having same direction as displacement vector. The 5 unit of velocity is
meter per second (m/s).

When we know both the s
call it as velocity.

A) Average Velocity:

‘Average Velocity is the net (total) displ, j
g i g . ac
t"; unlike speed the average velocity can ife e
upon the sign of displacement ', Mathematically

peed and the direction of an object, we simply

- ided by the total time
positive and. negative depending

S Total displacement -h 5
Total time o IS t (2.5 ]

B) Instantaneous Velocity:

Things in motion often have variations in speed or direction

EomEn

[ 42 =
7
instantaneous velocity is the velocity for very short time interval At {very s
such that limit approaching tozero)'. Mathematically

mall

Figure 2.7
ib) (c)
e
8D
C
v=LimZ
Ab-s0 At

The average velocity does not convey detailed information about the motion
during the corresponding time interval At. Suppose a car moves on a curved
track, through points A, B, C, D and E as shown in the figure. (a) The average
velocity is defined over the entire journey, (b) the measure of velocity in shorter
interval of time is different both in magnitude and direction at different points.
(c) The instantaneous velocity will be tangent to the curved path of the motion
of car.

A body is said to have uniform velocity if its average and instantaneous
velocity become equal. Otherwise it is non uniform.

Example 2.2 BEERii¥A{el g {e) Ay

Astraight track is 1200 m in length. A runner begins at the starting line, runs due
east for the full length of the track, turns around and runs halfway back. The
time for this run is five minutes. What is her (a) average velocity, and (b) average
speed?

GIVEN:
Distance covered As = 1200 m + 600 m = 1800 m

Displacement As = 1200 m - 600 m = 600 m
time At =5min=(5x60s)=300s

REQUIRED:
(a) average speed <v> =17
(b) average velocity <v> =




Un&» 24

N .
distance
j ;i !: :' W E '
- displacement : : | 1 | : SI *
T T
) 0 500 600 700 800 900 1000 1100 1200

100 200 300 40
2 10 meters

From the definition of average velocity, equation 2.5 we have

§ ; L 600m{East
<V 2= % putting values <V >= 3035 )
therefare <V == 2m/sEast —m

From the definition of average speed, equation 2.3 we have

1800m
300s

<v>=6m's — (N

Her average velocity is 2 m/s East, while her average speed is 6 m/s,

putting values <V >=

5
<Vir=—
t

therefare

A runner makes one lap around a 270 m circular track in 30 5.
average speed and (b) average velocity?

What is his (a)

2.3.5 ACCELERATION:

‘The measure of ¢

hange in i R
called accaleration. ge in velocity Av with the passage of time ‘At’ is

(or) Time rate of change of velocity is called acceleration Fa

Mathematically
ameleratio;—;:Eh-a_"ge_m_"EIEE“__Y or 5o AF V-7
Msdies " Cap O e o
i

Acceleration is alsp ay

_ _ ector quantity h i i

- ! vector g Yy having same d

¥ . 5! Unit of acceleration js meter per second s lrECtl?ﬁ < Change'l 9
measure of how rapidly the veloci WA Acouaratin

tyis changi
A} AverageAcceleration: e

‘Average acceleration <3» i
ey on <a is the net (totat) velocity v divided by the total

<& > = Jotal change in velocity
Total time

t

B) Instantaneous Acceleration:

/ey us
“‘Acceleration ‘a’ at particular instant of time is known as m:‘tgﬁ:ﬁ:de

acceleration’. The value of instantaneous acceleration is obtained, i

smaller and smaller such that it approaches to ZERO.

= AV
« @=Lim— —m
at=+0 AL

Uniform Acceleration:

A body “is said to have uniform acceleration if its average and

instantaneous acceleration become equal.

LAB WORK

between 25and T'.

To find the acceleration of a ball rolling down an angle iron by drawing a graph

Deceleration/Retardation:

When an object is slowing down, we
can say it is decelerating. But be careful:
deceleration/retardation does not mean
that the acceleration is necessarily
negative. The velocity of an object moving
to the right along the positive x-axis is
positive; if the object is speeding up, the
acceleration is positive; however if the
object is slowing down, the acceleration is
negative. But the same object moving to
the left {decreasing x), and slowing down,
has positive acceleration that points to the
right. We have a deceleration whenever
the magnitude of the velocity is
decreasing; thus the velocity and
acceleration point in opposite directions
when there is deceleration.

POINT TO PONDER

Velocity is a vector quantity it can change
with-change in direction. If the speed of
the object is not changing and only
direction is changing will it still be
acceleration?

People Enjoy acceleration,
amusement rides thrill us by
accelerating our bodies. Each curve,
drop, loop, launch, or brake alters
the rider’s state of motion and cause
acceleration. The balance between
comfort and thrill is maintained

| which amuses the riders.

0, 6 .6 .. 6=
o ... e S
e, .. 6 .

A car is dripping mobile oil at
constant rate. Which diagram
describe the car moving with steady
speed, speeding and slowing down.




‘You observe that your car

[FEL WY ACCELERATION!OF CAR

on straight road towards east. What is the acceleration of your car.

accelerate from rest to 140 km/h in just 17.6 seconds

GIVEN:

time elapsed At = 17.6

3

Conversion from km/h to m/s

REQUIRED:

initial velocity v, = 0 km/h East = 0 m/s East ; K
final velocity v, = 140 km/h East = 38.88 m/s East accelerationa =?

5

m 140,000

If in the same exp

of your car in this interval?

60x605  3600s

therefore d=2.2mys* East —ENEED
Assignment 2.3 Ne:0S ACCELERATION

eriment you take-the readings of the speed. l
20km/h in the 4" second and 32 km/hin the 9" g admiiiotin/s

=38.9m/s

- (38.9-0)m/s
utting values g0=-"——r-_—"""
At P g 17.65 Fact

In this example, when the
driver apply breaks in what
direction will the resulting
acceleration points?

second. What is the acceleration

INTERESTING INFORMATION CONTINENTAL DRIFT

other, thus appearing to ‘drift’

Continental Drift is the movement of the

Earth's continents relative to each
across the ocean bed. The continental plates

2.4, GRAPHICAL ANALYSIS OF MOTION .
Graph is an effective way for showing the relationship between physucadl

quantities. Graph contains horizontal and vertical lines at equal distances an -

coordinate systems to show relationship in various quantities. Interpretation 0

graphisan effective tool for Physicist.

slope of Graph: : .

The slope of the graph means vertical coordinate difference divided by

horizontal coordinate difference. |

The slope of the graph in cartisian mgure 2.8
coordinate system can be
calculated as

1. Pick two points P, and P,. Ay =y, -y

2. Determine the coordinates P;(x, y\)
and P, (X,, ¥,), by drawing | y'e
perpendicular an x and y-axis from

both points.
3. Determine the difference between s
x-coordinates (Ax =%, - ¥) and ¥ Y

coordinates (Ayv=v,-Vv).
4. Dividing the difference in y-coordinates by difference in x-coordinates gives
slope. Mathematically
Ay = Yi—=Vi

stope =2 — D
g Axt x;-x;-

2.4.1 DISTANCE-TIME GRAPH
The graph plotted between [Figure 2.9 BIECI RILCRSC

distance (s} and time (t) is called Bhtance
distance-time graph. In this graphical S {m)
analysis the distance is plotted along ;
vertical zxis (y-axis) and time along
horizontal axis (x-axis). Distance time
graph is always in the positive XY ds
plane, as with passage of time distance
never goes to negative axis,
irrespective of the direction of motion.

The slope of distance time curve only —_————
gives speed. Consider the motion of the
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object which covers a distance of
100 min 105, the slope of distance
time graph will give speed as
equation 2.10 can be writtenas B :
/ As 5,( -5 A -
slope = — = ._‘_—— S =3
from equation 2.1 it is definition | Which of these grophs | Which of these grapps
of speed, therefore has higher speed? | show increasing spegq
—

S e 100m-0m _ 100m —10ms-'

105-0s 10s

[RE0-¥ K18 Graphicallnterpretation

__ZERO'SPEED UNIEORMSPEED! VARIABLE SPEED
Time If p::.-ss.ing and no| The distance is increasing| | The distance is changing
change in distance is seen. | linearly with time. The |'uon-fjnea.rfy with time
It means the body is at| siope is constant therefore Jrspikr‘ng down). The slope

Iresr. Since there is no lobject is moving with ifs'chungfﬁg th'e'refore
slope so the speed is zero. | uniform speed. “object is moving with
| |variable spe:

2.4.2 SPEED-TIME GRAPH

The graph plotted between s
graph. In this graphical

time along horizontal a

_ pee:_:f (v) and time (t) is called speed-time .
a_na!ysvs‘the speed s plotted along vertical axis (y-axis) and
Xis {x-axis). Speed time graph is useful for two purposes.

A. Slopeorgradient of the graph gives magnitude of acceleration
B. Area under the graph gives distance traveled.
A.

The slope of speed time curve gives magnitude of acceleration.

4

Consider the motian of the object which s eeds up fromOm/sto 8 m/sin
44 ‘_. -

s, the slope of speed time graph will |

give magnitude of acceleration which |
can be writtenas spead
v [ms')
shipe. 2, Yi<¥ “}T'
AL rI = ti B dnnannnnananan
" Oiv (-] E
Since acceleration is i+ 3
change in velocity with respect to 24 : time I|
time. Therefore change in speed with o )
respect to time will only give ) I |
: ey
magnitude of acceleration. e

=1 =1 -
Magnitude of acceleration|a| = 8ms~ -Oms _8ms
45-0s 45

B) Area under speed time graphs represent the distance traveled:

When we speak of the area 'Fi 2 R s
under a graph, we are not talking about |~ '84r¢ L) SPEEd; Tiine MapiAIs

the literal number of square speed
centimeters of paper but the V)
guantities under discussion. From 10+
equation 2.1 the speed is defined as S —
distance As av| 6T 3
speed = —— Vo= 4t i
elapsedtime At :
z 2= . :
The above equation can be 4 i g ..u;";:;
writtenas ol 1 2 3 45
—

distance = speed x elapsedtime . =

or As=vxAt —ERED)

This quantity in speed-time graph is represented as a:adzzder it:: ::rr::é
For example if we want to calculate tt'fe area of rect_ang,ular 51a1 : -”r1eega"aha i he
speed time graph of an object in n':n't_uon as_;h:\:.-n'm gure 2.
rectangle mathematically is length ‘l" into width "w". - I
Area = length=width  0OF A=lxw or A= -

m
- = or A= a —xds
putting valués from graph A= (8-0yms™ x4 0)s =

therefore A=3Im




=1 0200 SPEED- TIME GRAPH

According to an estimate, at least 6 million more people will die and go what does the slope of these graphs tells about maeni tion?
million will be injured during the next 10 years in road accidents all over the : o i i o - i

world if proper preventive measures are not taken. v (mis) vlinid) e

Traffic rules violation and lack of adequate road safety standards in | ;
Pakistan has claimed 45,000 lives in 90,000 road accidents in the last nine years, EEEG TR i |
It is also recorded that about 87 percent of these o ) . 8
accidents were just due to the negligence of drivers ¥ g3 = :
that indulged in over-speeding, and wrong overtaking. P = O t (s) t(s)

~ - _ ] g

=1

o Motorcyclists are most vulnerable to fatal i
injuries, for not following traffic rules. Therefore KIDS [;
when you grow up, you first have to acquire license and 5
then make yourself aware of safety standards before

driving and remembe = " *
BUTITHLS. B s S ESRSEEIPY  GRAPHICAL ANALYSIS OF CAR'S SPEED
— A car increases its speed from ZERO to 4
i Tﬁe. area of recltangular shaded region in figure is 32 m. The quantity it 2 25 ms" in 10 s. Then it moves with :1:‘-::1 4
e i s uniform speed for the next 30 seconds g
similarly, if we want to Fil = and then the driver apply brakes and 75
cal:fu!ate the area of triangular shaded —2ore [ E) Speed Time Graph Slope the speed of the car decreases 20
reglon :‘tur the speed time graph of an speed i uniformly to ZERO in the next 5 av | 15 :
object in motion as shown in figure. v (ms”) i ] seconds. The graph is plotted fl}l“thE = ] .
The area (A) of triangle is half of area ™ journey, use this graph to CaiCL{EEiRE. s | .:_ =i
of rectangle, which can be written L IR a. magnitude of acceleration 9}151 first ".E = D L —— (s
etemationliye A : 10s. (ii) from 10sto -;Ds and(iii)in lasdt o D| {020 30 40 50
: : 5 seconds, b. total distance covere : ey
S g Paeh 1 ! and c. a:ferage speed of the car for == G =
— : Hie whole journey.
A= 1 [ xw : 0 : it (5)
2 L }—'_T__i_i_: il a. The slope of the graph will give magnitude of acceleration
L it :
S 5 2 e ; RO - {55 magnitude of acceleration
3 i Hope=T5t " ¢4
putting values fro 1 |
g mgraph 4= 'jx(&l ~0)ms™ x(4-0)s { (i) For the first 10 seconds, OA line represents the slope
587 | i
or A=—x8—_x4s therefo 25ms~ —0ms 25 ms 4 5
a K I - = =2.5ms
o A i Magnitudeof acceleration a = 603 105

Th ; —
© area of triangular shaded region in figure 2,13 is 16 m. The quantity it (fy From 10's to 40's, The slope s represented by line AB

represents is actually distance the body traveled

0 phvsic X DATF:5.3.2018 AJ COLOR SCAN SET 4-8
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25ms~ —25ms” =0ms™
! > L Z eI 2
Magnitude of acceleration a 405305
(ifi) In the last 5 seconds
= =1
Oms™' —25ms™ _ 25ms” _ 3
Maeni 5 S o = - =-5ms
agnitude of aceeleration 2 455403 5

| In the first 10 s the cars acceleration is 2.5 m/s’, from 10's tof
40s it is 0 m/s’, while in the last 55 it is -5 m/s’, the negative gAnswer ]
gradient indicates the car is slowing down.

| N——

. MNow the total distance covered is equal to the area under the speed-time

graph.
Total distance _ Area of triangle L} Area of Area of triangle
covered A OAE rectangle ABDE 4 CDB

1
5= [3 x(25ms™" x 10s)} + [25ms ™" = 305] +{% x (25ms ™" % 55)}

or  §=125m+750m + 62.5m = 937.5 m—{Aranag
The total distance covered by car is 937.5 m

c. Mow the average speed can be calculated when distance s is divided by
total time t.

_ Total distance

o _937.5m

or <V =
Total time 455

therefore <v>=20.8m/s —{NEmag

The average speed of the car is 20.8 m/s

syl GRAPHICAL ANALYSIS OF CYCLIST -

A cyclist increases his speed from ZERO to 8
.ms_l in 10 s. Then he moves with uniform :F}Emeﬁ;.

speed for the next 20 seconds and then its

speed decreases uniformly to ZERO in the Av|©
next 20 seconds. The graph is plotted for the
journey, use this graph to calculate the total
distance covered.

Bl ip c limé
102030 4050
At
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. Terms associated with motion can be related and calculated from
equations called equations of motion. These equations can be utilized for any
motion that can be described as being either a constant velocity motion (an
acceleration of 0 m/s') or a constant acceleration motion {i.e. the instantaneous
and average accelerations are equal). They can never be used over any time period
during which the acceleration is changing. Graphical method will be used to prove
the equations of motion for uniformly accelerated motion.

We use the definitions of average velocity and acceleration to derive a set
of valuable equations that relate x, a, v and t when a is constant, allowing us to
determine any one of these variables if we know the others. We can then solve
many interesting Problems.

In this discussion we chose the initial time to be zero t, = 0, and final time t,
=tsuchthatAt=t -t =t-0=t Alsowe -
chose initial position to be zeros, =0 .
and final position s, = s, such that | velocity
displacement As=s,-5,=5-0=s. v I'I:S"}

=i fequations:of Motion

The object has initial velocity v, 8
at point A, which changes uniformly to t
point B as v,. In the plot OA = DC

represents initial velocity v, and DB v,
represent final velocity v,. Here time t

is represented by OD =AC = t. The slope _time
of the line AB is t(s)

slope =

=l

The slope of velocity-time graph gives acceleration a, since AC = t,
therefore

a= or ﬁ=ﬁt

~| gl

A First Equation of Motion:
s the relation of final velocity ‘v/ in terms of

| Eirct gguation of motion give 2
First equa ‘a" in time t. From the graph it is clear that

initial velocity ‘v’ and acceleration




Line DB represents, final BB=v BB =DC + B
velocity v, =V .
putting these values in graph
o {JC s il e equation we get
VE[DC]ty v =V,
Line segment CB, in terms| __ v, =v;+at __,m
of slope gives CB=at

.& Second Equation of Motion:

Second equation of motion relates displacement s with initial velocity ‘v’
and acceleration ‘a’ in time ‘t’. As the area under velocity-time curve represents
the displacement ‘s’ as shown in figure2.14. Therefore, the displacement s of the

object js:
displacement _ Areaofrectangle _  Areaof triangle
s QACD A ACB

s=;amza+i’ x (AC x CB)

=R E] Equations of Motion

|
| Line segment AC —_— ; )
L‘epresents, time t ! AC=t | \:.- l{:::;?;‘ =i
Il' Line OA represents, | __ J i B e
| initial velocity v, ’ OA=v; E | 11
| Line segment CB, in |I o i 2 i i
| terms of slope is |I CB=at ' - i
; [ A 17
putting values % t &
1 1 v, . .|
S=V_,xt+i:<{£x at) | Ltfmg!
i s I 0 D ~ t(s)!
= il —_ -
therefore 5= v+ 3 at —m : 8

IE.

veloc

the curve can be calculated by taking
veloci

Third equation relate position s, velocit

v ¥ v (both final velocity v, and initial
ity v,), and constant acceleration a witho R

utincluding time t. The area under

the total area of the trapezium OABD. The
ty-time graph the area of a trapezoid OABD will give the total displacement

1= —
S='2*fGA+DB}:<OD

Line DB represents, 58 m
=V

final velocity v, f velacity
Line OA represents, — ) T‘ ?
initial velocity v, OA=w B

E 3
Line segment OD — =
represents, time t OoD=t :

. A N R
-

putting values  s= -;—{v, +vy)xt

time
0 L o ti{s)
< i
Fram first equation of motion
vV, =vp+at
5= P
or at= ViV or t= u Toconvert km/h tom/s, divide by 3.6
a
The above equation becomes [Figure 2.17
1 vy —vi)
s=—(vi+v) -
2[ i I] a
1 t:
5=—1¥ v Yi—V
2&‘ PEVIIVE =) L
since  (a+byx(@a-b)=a*-b* W =

2 The area of a trapezoid is given by
therefore (v +v v, —v;)=vf -V J

1
A==l =L)=w
2{1 1)

"’? -vi which is simply the average of the
L s 7a parallel sides multiplied by the
base.

therefore 2as =v} -v} — Bk
Example 2.5 SPEEDING MOTORCYCLIST

: . m
A motorcyclist starts from rest and moves with uniform acceleration of 1.9 m/s
for 225 . Find the (a) velocity and (D) distance covered?

'GIVEN: REQUIRED:
initial velocity v, = 0 m/s
accelerationa = 1.9 m/s'
Total time t =225

a. Final velocity v, =7

b. Distances =1




#. To find final velocity we can use the first equation of motion

2
Vi =Vi+at putting values v, =0mys +1.9m/s" x225
B L LR i vswer Il EXTENSION EXERCISE 2.3
‘B For the distance covered, we will use | This problem is captioned|
second equation of motion {' speeding matoreyclist: 1s 41.8 ‘
i g .I m/s safe speed for motorcycle |
PHEting valoex, = V":"-E at Jl'ride? Also verify the distance i
r 1 | covered in this problem by
s=0mjs = 2 2 . j
iPiey 2 xi.‘;‘mfs *(225) |[ third-equation of motion.

therefore s = 459.8m —Irata) I
| Assignment: 2.5 JNRqaNa ot

l Acyclist is moving with uniform acceleration of 1.2 m/s’. How much time will it|,
require to change his velocity from 6 m/s to 12 m/s.

| Eiﬁmﬁbz‘ Gy COMMERCIALL ARCRAGT RUUNWAY LENGTT

!' A Boeing 777 aircraft takes off at 295 km/h after accelerating from rest at Z.Bi}fi

m/s'. What is the minimum runway length required?

N GIVEN,: REQUIRED:
- initial velocity v, = 0 km/h = 0 m/s

final velocity v, =295 km/h=81.9m/s

acceleration = 2,80 m/s’

distance s = ?

Conversion from km/h to m/s |
3 |

|i| 295km /b = 295x10°m il 295,000

| " 60605 36005

=81.9m/s r

Time is not given so we will use the third equation of motion

2 2 -142 L-1y2
205 =v] -v or s= Y1 ~¥i putting values s = (81.9ms”) "[UT“ )
2x2.80ms”
o 6707.61nt" /47
= T
5.6m/5?

or s=1197.7875m —{tas

e eSS e

B

R

figures,

——

]_s: 1200m

Assignment 2.6 R0V elel ]

| of the car?

$=1.20x10°m s'=1.20km| acceleration is normally

A runway needs to be longer than 1.2 km as
this was calculated minimum length to give
a margin of safety. Most commercial airport
runways are between 2 km and 4 km long. —— -

On Motorway M1, a car is moving at speed limit of 120 km/h. By applying breaks
the car comes to rest after covering a distance of 30 m. What is the deceleration

The units came out correctly as for [[Zaia RN AA AL L,

displacement (meters) but we have to correct At landing, the 777 s velocity is
the number and express in three significant | spout the same as at takeoff,

and after touchdown its

between -2.0m/s’ to-2.4 m/s.
How does this affect
consideration of a safe runway

2.5 MOTION DUE TO GRAVITY:

Everyone has observed the effect of |
gravity as it causes objects to fall downward.
In the absence of air resistance, it is found
that all bodies at the same location above the
earth fall vertically with the same
acceleration, Furthermore, if the distance of
the fall is small compared to the radius of the
earth, the acceleration can be considered
constant throughout its fall. The motion, in
wiTicin air resistance is neglected and the
zccelerztion i= nearky constant, is known as
free-falll

The acceleration of a freely falling
body is called the acceleration due to gravity,
and its magnitude (without any algebraic
sign) is denoted by the symbol g. The
acceleration due to gravity is directed
downward, toward the center of the earth.
Near the earth’s surface, g is approximately

g= 9.80 m/s or 32.1fuUs’

Figure 2.18
L] [
T -

(&) Air filled (D) Evacuated
tube tube

(a) In the presence of air
resistance, the acceleration of the
rock is greater than that af the
paper.

{b) In the absence of air resistance,
| both the rock and the paper have
| the same acceleration,




S ofFlgure a shows the well-known phenomenon of a rock falling faster than a
e WEaDEI‘-_ The effect of air resistance is responsible for the slower fall of the
. When air is removed from the tube, as in Figure b, the rock and the paper

Jlav@ exactly the sam n the h l]l:k
¥ t 5 e acceleration due to gravit Int i
: - i 2 ' absence of air, the r

b. By First equation of motion vp=v 48t
putting values vy = oms™' +9.8ms 2 x3.25

therefore v, =31.36ms™
Rounding off to correct significant figures

Since the acceleration is constant in free-fall, the equations of kinematics

can be used. In these & 1
IO quations we replace acceleration 'a’ wit i
togravity ‘g and distance ‘s’ with height ‘I’ h acceleration due

hveez s —HD
e Mechanics; The branch of Physics, which deals with the motion of bodies.
When ” £ m | Kinematics: The branch of physics, whiich deals with discussion of motion of
. an object moves with the gravit . object without reference to the forces causing the motion.
as positive (+g) and when object moves igain:;;acce!eratmn due togravity is taken Dynamics: It s the study of motion of bodies under the action of a force
is taken negative (-g). gravity,acceteration duetogravity Rest Abu‘dy is said to be at rest if it does not change its position with re:spect to
. 5 1
LLAB WORK an observer.
Motion: Abody is said tobe in motion if it changes its position with respect toan

Find the value of “g” by free fall method. - :. observer.

_Exam | Types of Motion: There are three main types of motion
ple 2.7 HEIGHT OF BRIDGE FROM WATER SURFACE

: a) Translatory Motion b) Rotatory Motion ¢) Vibratory Motion
FAE:E;J::E':. dLﬂ;p:d from the-_ Attock Bridge. The stone reaches the water i Scalars: Physical quantities completely specified by its magnitude, that is, a
v ERIE of the bridgex{rom wHte, s b velocity of the sl:c-s:; l\:rffefl ?t

vy =31ms™’ e Answer )

Assignment 2.7 Kef[e ] BALL

In a cricket match ball go straight up with a velocity of 40 m/s. Calculate
a) maximum height ball will reach  b) time to reach that height.

b / proper unit and a number are called scalars.
strikes the water. Vectors: Physical quantities completely specified by magnitude, as well as

GIVEN i direction are called vectors.
’ 3 = Position: The distance and direction of a body from a fixed point shaws its
Timet=3.25 REQUIRED: position
s VEI?dty ¥, =0ms’ e Displacement: The shortest distance from the initial and final position of a
_Acceleration due to gravity g = a b. Final velocity v, = ? body is called displacement.

gravity g = 9.8 ms Y v, =1

Speed: time rate of change of distance is called speeditisa scalar quantity.

| Velocity: The time rate of change of displacement is called velocity it is a
i vector quantity.

| Acceleration: The time rate of change of velocity is called acceleration.
Equations of Mation: The inter-relationship of velocity, uniform acceleration,
time interval and displacement of an object are expressed by the following
equations:

a.vy =V +at b.s=v,r+% at? c2as=v} v}

a. By second equation of motionl fr=vit+ L g.-:2
2

putting values  h=0ms"x3: : E
. ms k3.2s+5x9.ﬂms 2 x(3.2)

therefore h=50.176m

|
Rounding off to correct significant figures h =50m |
g 'IfT tflg res II

30 _m !'

54 i




GALILEQ'S WORK: Research Galileo’s work on falling bodies. What did he |
wanted to demonstrate? What arguments did he use to prave that he was |
right? Did he used experiments, logic, findings of other scientists, or other

approaches?

SPEEDS AND ACCELERATIONS OF ANIMALS: Research typical values for :

speeds and accelerations of animals. Find out how long it gets for different

animals to attain their top speed. Why the predators (lion or cheetah) likes

to get close to the prey (gazelle, deer or buffalo) to launch an attack? How
the predator to prey distance affect a kill.

OVER SPEEDING: Write a publication essay for school library on over-
speeding issues related to different means of transportation and speed
limits.

OESIGN OF PARK RIDES AND TRANSPORTATION DEVITES: Research the

maximum acceleration a human body can withstand without blacking out. J

Discuss how acceleration impacts the design of common entertainment
(such as park rides) or transportation devices.

GROUP-E |

CAR RIDE: Go by a car, record the odometer, and the speedometer for ev

20 s for about 5 min. Create representation of the car's motion by dist ery
time and speed-time graphs. And show that area under the sp "-'Ed—!:im ance-
gave the same result as the difference in the initial and final read? curve
odometer. ngs on

M @ The average speed of a bus is 20ms ' how far can it travel in 10s?

u
i A. 100 m B, 200m C. 150m D. 250m
-:- @ A truck accelerates uniformly from 15ms” to 20m " in 5 s. What is the
p acceleration of the truck?
L A 2ms'B.1.5ms’ C. 1 ms'D. 2.5 ms’
= & A car moving alang a straight line at 20 m s' under goes an
c acceleration of 4ms’. After 2s, its speed will be
A 28ms'B.16ms' C.12ms’ D. 8 ms”
(0]
[l © A bird begins to accelerate at a constant 0.3 m/s’ for 3 5. Its change in
C velocity is
M A 0.9m/s B.1.5m/s C.1.95m/s D. 2.4m/s
[e] @ A car is going backwards at 5 m/s. After 10 s of uniform acceleration,
] the car is going forward at 10 m/s. The acceleration is
E A.05m/s B.0.75 mi$  C.15m/s  D.5 m/s
Il 3 The slope of distance-time graph represents:
é A. acceleration B. change in acceleration C. speed D. distance
r; € The area under a speed-time graph represents:
A. acceleration B. change in acceleration C. distance D. velocity

@ A student riding his bicycle on a straight flat road covers one block
every 7 seconds. If each black is 100m long, he is traveling at:

A. Constant speed  B. Constant velocity C. 10m/s D.BothAand B

ge to the river below. When the rock has
d rock. As the rocks continue their free

© You drop a rock from a brid
fallen 4 m, you drop a secon
fall, their separation
A. increase B. decrease C. stay the same D. none




CONCEPTUAL QUESTIONS
Give a brief response to the following questions.
distance. Under what

@ Is it possible that displacement is zero but not the
condition displacement will be equal to distance.

@ Does a speedometer measure a car's speed or velocity?

© Is it possible for an object to be accelerating and at res
time? Explain with example,

@ Can an object have zero acceleration and nonzero velocity at thesame
time? Give example.

© A person standing on the roof of a building throws a rubber ball down
with a velocity of 8.0 m/s. What is the acceleration (magnitude and

direction) of the ball?

@ Describe a situation in which the speed of an object is constant while

the velocity is not.

@ Can an object have a northward velocity and a southward acceleration?
Explain.

@ Asa freelJy falling object speeds up, what is happening to its

acceleration — does it increase, decrease, or stay the same?

© Aballis thrown upward with an initial speed of 5 m/s. What will be its
speed when it returns to starting point?

t at the same

COMPREHENSIVE QUESTIONS

Give an extended response to the following questions.

[ 1] What_ is mnt::on? Describe that motion is relative. How two observers in
relative motion can have conflicting views about same object?

@ Explain different types of motion and give an example of each.

@ Define scalar and vector quantities. Ex i
: . Explain with example i
representation of vector quantities. Ll L

@ What is position. Explain the difference between distance traveled
displacement, and displacement magnitude. F

@ State and explain the terms;

a. speed b. velocity ¢. acceleration

; 3 ion
6 Use velocity-time graph to prove the following equations of mot
L 2as =V} Vi
a.vp=vj+at b.s=vit+3 at erm=Nr
in with
@ What is free-fall, what is its value near the surface of earth. Exp\,:?::uutt
example that rock and sheet of paper will fall at the same rate

air resistance.

NUMERICAL QUESTIONS

© A squash ball makes contact with a squash
from 15 m/s west to 25 m/s east in 0.10 s.

acceleration of the squash ball.
5 m/s hits a sand trap and slows

@ A golf ball that is initially traveling at 2
down with an acceleration of -20 m/s. Find its displacement after 2.0s.

barrel of a gun 0.750 m long with
hat speed does the bullet exit the

racket and changes velocity
Determine the vector

© Abullet accelerates the length of the
a magnitude of 5.35 x10° m/s". With w

barrel?

@ Adriver is traveling at 18 m/s when she sees a red light ahead. Her car

is capable of decelerating at a rate of 3.65 m/s’. If she applies brakes

when she is only 20.0 m from the intersection when she sees the light,

will she be able to stop in time.

© An antelope moving with constant acceleration 2 m/ s’ Ccovers Crosses a
point where its velocity is 5 m/s. After 6.00 s how much distance it has
covered and what is its velocity ?

@ With what speed must a ball be thrown vertically from ground level to
rise to a maximum height of 50 m?

http:/ /www.physicsclassroom.com/Physics-Interactives/1-D-Kinematics
https://phet.colorado.edu/en/simulations/ category/physics/ mation




Force callse’
acceleration

2 Define momentum, force, fnertia, friction, centripetal force.
L4 Sulve?rul:-lem using the equation Force= change inmomentum/change in time:
« Explain the concept of force by practical examples of daily life,
= State Newtan's laws of motion,
: rI:J|.';tlngluish bel_ween mass and weight and solve problem using F=ma and w=mg
A a.CuEate tens:’un and acceleration in a string during motion of bodies connet[f:‘d h
[ string and passing aver frictionless pulley, using second Law of matio A
% < State the law of conservation of momentum. S
P10« Usethe principle of momentum consery
il _ ation in the collision of i
“{-‘?r" ¥ Determine the velocity after collision of two objects using ey
j " B the law of conservation of
4 :* - s :
- Explain th_e .eﬂecl of friction on the mation of a vehicle in the cont
i road conditions including skidding, braking force PRI siface,
" ¢ List various methods to reduce friction,
g i
iy Explain th.atmn_mon inacurved pathisdue to a perpendicular f
changes directian of motion but not speed. HReOnaedy it
: # Calculate centripetalforceona body movingin a circle using my';
p m
- ¥ State what will happens to you while you are sitting ingide 3 Eus é
p: < 1. starts moving suddenly 2. stops moving sudden e ety
s~ Write a story about what may happen to youwhen you d:ea
disappeared. Why did your dream turn into night mare? :

3. turns a corne.
T sudden|,
that all frictions s«.»ci:!enl:r

e e ot
et P o o ’ e .
Y

mechanics deals with the study of mt:::ma :;
objects. But few questions like why some objects are aFce::ctiGn “
others are not? How and why a moving object changes 1ts yrsi
motion? These questions can be answered when we extend our dis i
of motion of objects to another branch of mechanics known as Dynamies- ;
this unit we will learn about force, mofmentum, newton’s laws, frictionan

As discussed earlier

circular motion. _ .
Kinematics is the “how" of motion and Dynamics 15 the "why™ O
motion. |
m the Greek word for force. The branch of

Dynamics is derived fro
physics which deals with the stu
motion is called dynamics.

dy of motion by analyzing the cause of

ect. When we push a stilled

rting a force in each case.

A force is @ kind of a push or a pull on an obj
car, hit the nail with hammer or drag a chair, we are exe
We can think of different ways in which we can move this textbook. We can
push or pull it, or we can tie a string around it and pull on the string. We often call
these contact forces because the force is exerted when one object comes in
.contact with another object. As we are holding this physics textbook right now, our
hands are exerting a contact force on it, There are other ways in which we can
change the motion of the textbook. We can drop it, as we learned in Chapter 2
Kinematics, it would accelerate as it falls to e S -
the ground. This time the gravitational force ‘Non Cantact Forces
of Earth (which is not a contact force) is
acting on the book which is causing this .
acceleration. We call such forces as non-
contact forces, field forces or action-at-a-
distance forces.

Forces can cause objects to start
moving, speed up, slow down, or change | o, o think of other kinds of field
direction as they move. In other words, to | . -4

. n obj ree i d. But g ;
accelteiﬁ:ia:w ]Ei't*ri::e :::; r;?zst b\ If you have ever experimented with
SR e apply h J W f e magnets, you know that they exert
not move. For example when we apply force | gorcos without touching.

Figura 3.1

on a wall— wall does not move. At times we




cannot even stop a moving bady. For exam
if we apply force.

ple, we fail tostop a moving truck even

e ——y

move a body, stops or tends tostopa moving_ br:-dy. |

In other werds force is a physical quantity Ehanges or tends to change th

velocity (both in magnitude and/or direction — acceleration) of a body. InSystem
International (51) the unit of force is newton (first letter small) and is represented
Bysymbol N. One newton is defined as the force that produces acceleration of ane

meter per second square (a =1 m/s’) ina body of mass one kilogram (1 kg).

IN=1kg=1m/s* or N=kam/s*®

lsaac Mewton (1642-1727) was’

I-—___..._._._

i -l’l LOSOIMHIE

e maTonALE
PRINCIPLA
" MATHEMATIO

born in England, he proposed a theory
of the causes of motion, Collectively
they are called “Newton's laws of
motion” and provide the basis for
understanding the effect that forces
have on an object. This book was
written in Latin with title
Philosephiae Naturalis Principia

Mathematica, as shown in figure. The English title of Newton's 1687 treatise
is The Mathematical Principles of Natural Philosophy, which is often

referred to as Newton's Principia.

'S FIRST LAWOFHOTION:

Statement:

It the net (external) force actine on an wbject is zero, the object will
e s state of rese or of uniformmotion {constant velocity).

In other words, if there is no net force acting on an object, its velocityl will

not change. If it is at rest, it will remain at rest; if it is moving, it will continue to

maove wftﬁ constant velocity (zero acceleration: no change in speed or direction)
Mathematically, first law can be expressed as '

Fret =0 then

#po physic IX DATE:S.3.2018 AJ COLOR SCAN SET 5-5
— —— —

DEFINITION OF FORCE ) Force is a physical quantity which moves or tends to

i

B,

Unit-3
i astate
Newton's first law indicates that a state of rest (zero velocity) and

uire a net
of constant velocity are equivalent, because both a thercl;_ d;ii;;g:;f&q parts.
force to sustain it. The study of first law of motion can be div

Bodies At Rest:

The first part of the law sates that a
body at rest will remain at rest if no net
force acts on it. This part of first law is easy
to understand and goes with our cormmon
observation. For example a chair lying in a
room will remain stationary and will not
start moving or flying around by itself unless
some one moves it by applying a net force.
Bodies In Motion:

The second part of the law states ]
that a body in motion will continue to move — i i
in a straight line with uniform speed if no net AETCERR Bodiesin Motion
force acts on it. However our daily
observation is against this. For example if
we roll a ball it comes to rest after some
time. But careful study of the moving ball
shows that there are forces (like friction and
air resistance) which oppose the motion of
the ball.

This means that object would continue to move in a straight line for ever,
with uniform speed if the forces opposing the mation of the object are removed. In
space where there are negligible opposing forces, objects move in a straight line
and no applied force has to be maintained by an engine to keep them moving.

PR Bodies at Rest

Inertia:
Agreater net force is required to change the velocity of some objects than
of others. :

For instance, a net force
that is just enough to move a car
will cause only a small change in
motion of a truck. In comparison to
the car, the truck has a much
greater tendency to remain at rest.

Therefore, we say that the truck has more inertia than a car.

o e ey 63

-

Alarger body (in mass) has a greater resistance toa
change in its motion than does a smaller one. !




Unit - 3
PYa sl DEMONSTRATION OF INERTIA :

WG otvovsToTon oFNERTA

ometimes called the law of inertia:

A Newton's first law is 5 . oo Bl
Using Newton's first law of motion help us to defrn? |ner;:_a, ihterefore itis
is the natural tendency of an object to remain at :
also called law of inertia. Inertia is The mass of an object is a quantitative -Place a card on top of a glass, Tt,en placea
¥ . coin on top of the card as in Fig (a).
Quickly fiick the card horizontally. The -
inertia of the coin tends to keep it at rest .hr-

rest or in motion at a constant velocit

measure of inertia. S| Unit of ] F"':eIiH inertia:
| g Inertiaj

Inertia and Mass is kilogram (kg). m Sl

The larger the mass, the greater is

the inertia.

B) We can feel inertia:

When we are in a moving
car, we can feel the effects of our
own inertia. If the car accelerates
forward, we feel as if our body is
being pushed back against the seat,

horizontally. The force that causes the
coin to move is the vertical force of
gravity, which pulls it straight down into
a

theglassasin F!g. {b). *

Inertia of motorist makes her fée:' like she is
13,212 NEWTON!S SECOND. LAW OF. MOTION

being thrown forward.
| POINT-TO PONDER
| Kilogram of Cotton and Gold:
Which has more mass:as

kilogram of cotton balls or a L

| Statement:
The net force'F'on a body is equal to the

product of the body’s mass m and its acceleration

because. our body resists the
increase in speed. If the car turns a L)
corner, we feel i A
y as if our body is being “' ! OR | kilogram of gold?
' : A net force (unbalanced force) applied on
POINT TO PONDER

pushed against the door, because
our body resists the change in the
direction of motion., If the car stops
suddenly, we feel as if our body is
being pushed forward, because our
body resists the decrease in speed.
'-'_'hese situations are shown in the
figure 3.4, where a motorist feel the
effects of changing accelerations.

In Pakistan the bus does not
halt completely for male
passengers on bus stop. They
momentarily reduce speed
and we are told to step down
the bus in the direction in
Lwhit:l'l the bus is moving. Why?

Inertia of motaorist makes her feel (ike she

wants to cantinue moving in a straight line. the body preduces an acceleration ‘a’ in the body.

This acceleration is directly proportional to the
magnitude of the net force and inversely

proportional to the mass of the object.
axfF —9
] _
go— —9
m
s The acceleration is in the same direction
as that of the net force. Combining equation 1 and

Inertia of motorist makes her feel like she is
being pushed backward,

Using Newton’s first law we could remove the cloth without topptinﬂ
When two things are directly

FeTE

e ]
(AL mm ]ﬁT

The trick to keeping the dishes on

Remembert
hat the more mass placed on the plates, the greateris the inerti
d.

’ the table js t, ;
any hem and ve i ; > 10 Use a very smooth i
direction. We su"}' qs:":t’;:y Jerk the tablecloth backyarg o :lﬁfb}l]ecloth without
ggest that you practice with heavy objects '8 1{2; downward
on plastic plates.

Ifm=1kganda=1m/s, thenF=1N.
Substituting in F = kma, we get k=1 and so
we can write

or breaking items placed on it . . .
2weget
ao f. or a= kf, proportional to each other,
m m as one increases, the other
increases also. However,

when two things are
inversely proportional to
each other, as one increases,
the other decreases.

F F
a=1x— oOr g=— therefore F=
“n o a= ma XD

Newton's second law tells us that acceleration ‘a’
will be largest when force ‘F" is large and mass ‘'m’

small.

To change proportionality
into equality usually a
lcunstantisused.

65
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kW -ﬂ"'."'"-' _r
.T}:.'el:a .'ﬁd
What force is re i R
quired to produce an acceleration of 6.00m/s"inacricket bal
mass m 0.16 kg and metal bal for women shot-put game with mass m, =4 kg e

REQUIRED:
Force on cricket ball F, =7

5

-4 Acceleration a = 6.00 m/s’
* By Newton's second law
Fr=0.16kg=6.00m/s*  or

Fo=mea

Fe =0.96kgm/s?

[What will be acnelerans if

:0”13913[3- the same net f&:rce
=10 N on both cri

» : cket

Fs =4.00kgx6.00m/s?  2nd metal ball in t?aai“i

{ example? S

o Fs =24kem/s®
Fo=24N

2 putting values

since  N=kem/s*

therefore F. =0.96N R ATSWET

By Newton’s second law Fe=mqa
= Mg

i putting values

since N= 2
kgm/s* therefore

' Find th BE
e acceleration pri ]
| and truck of mass Z4ﬁuig°ducm In engine force

o W

of 3500 N in‘car of mass UD g :

force on obj Written
JectAwritcenasFybutin ﬁppositedire;j': » Object B also exert equal
n :

F-'AE=—FM e m

ere the
H ﬂegati\'e s’gﬂ shows that fOfCE F is oppos
l a [N ftﬂtﬂf{}rE‘Fl
— ~ d i

when a football is kicked, the foot
on the football and as a

s the force Fis
qual

on to that a foot ball exerts an e
e F,, on thefoot.

Fya= Fa :
The force of A on B is equal in
magnitude and opposite in direction of the
forceof BonA. £

sir Isaac Newton described these two
n - reaction pair. To every
an equal and opposite
tion cannot neutralize
they act on different
e body and reaction on y

exert

reacti
and opposite forc

forces as actio
action there is
reaction. Action reac
each otherfbecause
bodies}(action on on
another bodyl}.
We can feel reaction:
When we push against the edge of a
table (action). Our hand’s shape is changes,

this shows that a force is being exerted on it
(reaction). We can see the edge of the table pressing in

push against the desk, the harder the desk
exerted on us; when we exert a force on ano
object pushing back on us.)
G AM BALLOON FORCING AIROUT

Tie one end of the stri-ng toa ctrina
_ chair. Thread the other end of i
\ the string through the straw.

. Pull the string tight and tie it
to another support in the
room.

. Blowup the balloon, but don't
tie it. Pinch the end of the ba
figure.

. You're ready for launch.

o

action

For example, the jet plane eject
.gases at high speed as an action, and
2ir as reaction apply force on the
plane to make it move forward.

to our hand. The harder we

pushes back. (We only feel forces
ther object, what we feel is that

action

reaction

\loon and tape the balloon to the straw as shown in

Let go and watch your balleon rocket fly!




You know from unit 2: Ki
when an object is dropped, it accelerates toward
the center of Earth. Newton’s second law states
that a net force on an object is responsible for its
acceleration. If air resistance is negligible, the
net force on a falling object is the gravitational

force, commonly called its weight w. Since weight For

is a force as have the same units as force newton
(N). Weight can be denoted as a vector w because
it has a direction.

Consider an object with mass ‘m’ falling
downward toward's Earth. It experiences only the

downward force of gravity, which has magnitude ¢

‘w'. Newton's second law states that the
magnitude of the net external force on an object
is ‘F = ma’. Since the object experiences only the
- downward force of gravity, ‘F = w'. We know that
the acceleration of an object due to gravity is ‘g",
ar‘a=g’. Substituting these into Newton's second

law gives
w=ms ——gE}

Since g = 9.80 m/s’ on Earth, the weight of | fact 5 kg is the mass of rice.

a 1.0 kg object on Earth is 9.8 N, as we see: w =
meg = (1.0 kg)(9.80 m/s’) = 9.8 N.

The acceleration due to gravity g varies

slightly over the surface of Earth (we will discuss it | the same, regardless of its
in detail in chapter 5; gravitation). So that the | location. However, because
weight of an object depends on location and is not a  weight depends on the

property of the object. Weight varies on large scale
if one leaves Earth's surface. On the Moon, for
example, the acceleration due to gravity is only
1.67 m/s’ . A.1.0-kg mass which has a weight of 9.8
Non Earthis only about 1.7 N on the Moon.

WP CERD  WEIGHT OF GIRL ON EARTH ANDMOON

' The mass of a girl is 60 kg. How much will she weigh on the (a) Earth? ( Mn?
[take acceleration due to gravity for earthas g, = 9.8 ms” and formoon as g, = 1.6

ms’]

nematics that ss

| move, backward when the

| Massvs WeigTht: -

| different quantities. The

i

Wdoes
fireman directs a powerful
stream of water towards fire?

. "

) :h. g:._:

I our daily life we use the
| term mass and weight in
. almost the same meaning. For
lexample when we ask a
| shopkeeper to give 5 kg of
| rice, it is usually considered
as the weight of rice. But in

| From scientific point of view
weight and mass are two

mass of an object will remain

acceleration due to gravity,
the weight of an object can
change when the object
enters inte a region with
stronger or weaker gravity.

sl

L o e, e

Unit - 3

N REQUIRED: )

‘.'?'«l:si m 60 kg weight on Earth we ==

= ; : = ?
Acceleration due to gravity on earth g = 9.8mM5 eight on moon Wy

1
Acceleration due to gravity on moon g, = 1.6 ms

(a) Weight of girl on Earth ~ wg = M2
we = 60kg»9.8m/s?

putting values
wg =588kgm/s’

or
since  N=kgm/ st

we =588N —IENa3

(b) Weight of girl on Moon  wy = Mgy

i
putting values  w, =60kg~1.6m/s
) or Wy =96kgm/s'

therefore

since N=kgm/ s’

therefore  Wu = 96N —

: Zsﬁ?_;nment PR WEIGHT. OF ASTRONAUT

The weight of an astronaut and his space suit on

much do they weigh on Earth? What is the mass I|:u1 ;
acceleration due togravity for earth asg,=9.8ms andmo

LW CHECKPOINT (NEWTON LAWS)
01: What is the acceleraticr!:pmduced by a force
sl : when a force of 700 N, produces an acceleration

Q2: Calculate the mass of a body
of 12.5ms". (Answer: 56 kg)

MENTUM:

the Moan is onty 250 M. How
he Moon? On Earth? [take

onasg.=1.6ms’]

of 12 N exerted on an object of

374 LINEAR MO
~ The linear mome!
¢m* and velocity ‘v’ Math

ect is the product of the object's mass

ntum ‘P’ of an obj
ematically
ﬁ =V = 34

quantity that poin
kilogram-me

ts in the same direction as

Linear momentum is a vector ter per second (kem/s or

the velocity. 5| Unit of Linear Momentum is

- d (Ns).
kgms'), of simply newton-secon {




Unit - 3

Momentum measure the quantity
observation that large force will be require

of mation in a body. It is, our common
d to stop a truck than a car moving at
than a car. Similarly it is easy tostop a

same speeds. Because truck has a large mass asy to
rolling drum of coal tar of mass 50kg moving ata speed of 0.1 m/s but it is difficult

tostop it if it is moving at 5 m/s.

i_E-x-ﬂ;nprE 3.3 .‘.__;E_};-f;. Tk @U 2

!An jron shot of mass 6 g is fired withan airgur_L ;
j If the velocity of the shot is 62-ms ', what 1s . R

" | the m.agnitudeof momentum?

ﬂ‘i GIVEN:
2] Mass m =6 g =0.006 ke
'L velocity v = 62 ms™'
by definition of momentum
in magnitude
putting values
therefore

3.4.1 FORCEAND CHANGEINMOMENTUM'

When a force ‘F' produces acceleration ‘a’ in a body of mass ‘m’. By

REQUIRED:
magnitude of Momentum P =7

P=mv

P=mv
P=0.006kgx62m/s
P =0.372kem/s

Hence P =0.372Ns — NI

) FASTEST RECORDE

| The fastest recorded speed for a golf ball hit by a golfer is 75.8 m
| ma_ss of golf ball is 46 g, what is the magnitude of its momentum?

W e S e i T

Newton's second law of motion it is written as
F=ma @
_ 'I"!'her accgleration produced changes the velocity of the body from initial
velocity ‘v,” to final velocity ‘v, during time interval ‘At’. Then by Definition of

acceleration
V-
At

&:

Putting equation 2 in equation 1

Vi

D

since AP =P -P I

= AP
therefore F=E -———m

near momentum ofa /
that for sudden change in'mo

body is equal to the net
mentum force is

The time rate of change of Ui
force acting on the body. This means
large and vice versa.

INTERESTING INFORMATION  F

pifferent safety techniques are used in the packaging ﬂrfr_gll e abjects.

To improve the safety of motorists, modern i e
cars are built so the front end crumples
kg car is traveling ata v = 15misiE]

ct. A, 1200

'igi:t':r\\fave\uciw of 15.0m

immovable wall and comes to a co

stopin0.255s.

a) What is the average net force
thecar?

b) What would be the

exerted on the car

/s [E]. It hits an
mplete

exerted on

average net force .
if it had a rigid o o

pumper and frame that stopped the car
.0405s? ol e
E:’EN N REQUIRED: r
: Average net forc
Mass of car m = 1200 kg (a) i
initial velocity v, = 15-0 m/s (E] (defom-,ng]t 1; A
final velocity ¥, = 0.0m/s - (b) Average ne s
a) time interval (deforming) At=0.2 Fa
al (rigid) At = 0.040 s

b) time interv




B - . 1 2 Viow
} by Newton’s second {aw in terms of momentum F =m| £ Y1

At
putting values £ - 1200 kg[n - 15.Um."s[EjJ

0.255 '
or F - ~18000kgm/s[E]
i 0.25s
or F =-72000kgm/s®[E]
or F = 72000 N[E]
or F =72000kem/s? (W]
therefore  F =72000N[w]

(1] b) by Newton’s second law in terms of momentum  F - i [ vy —.\7,]

) At
putting values F =1200kg(£2'_5*9ﬂ'_5£!J

. 0.040s
or  f._-18000kgmys[e]
0.0405s
or

F =-450000kg m /5% [£]

or F = 450000 N[E]

or ﬁ=450000kgmfs‘[wj

therefore  F = 450000 N[W]

]heaveragenEt fDrCEEXEI tEdb 2 W, “O tllEl:al 15 ?.23‘ 1 N!“"W“Eﬂ
it CIUIIIFI!ES, ar ld {b;. 4.5 = 10’ N [W] Wi 1en it is J Igld. ”IE Cllallge in :IZ'IDIIIEIII:UIII

* | isthesameinb i
I in both parts is - 18000 kem/ i
:f-j So the average net forece is i bl o are different.

ar of mass 1200 kg and a loa - |
| : : ded t
| mass 9,000 kg in E secm:nd. ifthey are moving with same velocity of 10 ms" e

—

i different ; : :
l'g force on the car with the rigi t in both situations. The magnitude of

ACTIVITY

Consider a falling egg. When the egg hits a
hard surface, like the plate in Figure (a), the
egg comes to rest in a very short interval of
time. The force the hard plate exerts on the
egg due to the collision is large. When the egg
hits a floor covered with a pillow, as in Figure
{b), the egg undergoes the same change in
momentum, but over a much longer time

interval, In this case, the force required to (a) {b) h
alu:celerate the egg to rest is much smaller. BY  gicaction direction h
applying a small force to the egg over a longer  of motion, of 'ﬂﬂliﬂ"l

time interval, the pillow causes the same
change in the egg’s momentum as the hard

- plate, which applies a large force over a short
time interval. Because the farce in the second
sftuation is smaller, the egg can withstand it
without breaking.

pilley

Spwm Foa ﬂt
(d)

ISOLATED SYSTEM

We are often interested in the behavior of
a collection of particles that interact only with
each other. We can draw an imaginary boundary
around the particles, but complications can arise, if
some of the particles experience net forces that
originate outside the “system” boundary. In order
to effectively study interactions between particles,
we must limit our focus to isolated systems of particles.

An isolated system fs a collection of particles that can interact with each
other but whose interactions with the environment outside the collection have a
negligible effect on their motions.

For example, the molecules of a gas
enclosed in a vessel can be considered as an | system
isolated system of interacting bodies. Gas boundary
molecules interact with each other and with the
walls of their container. Other forces, such as those |
of the table holding up the container and the
gravitational force, are considered to have a
negligible effect on the motions of the molecules

{{POINT TO PONDER:
How rockets move and
accelerate in space where

there is no air for them to.
push against.

and coptainer.
e s




For an isolated system there is no net force acting F = 0, therefore

Newton’s secand law in terms of momentum (equation 3.5) can be written as

o=l
At o
— L r'-‘-_‘-\
or 0= Fr-A by cross multiplication 0 =p, _,q
At
therefore ﬁr -8 —m

In the absence of an external force (isolated system) the final momentum p,
of the system must be equal to initial momentum P.. If no net external force acts

on asystem of particles, the total momentum of the system cannot change.
3,43 CHANGE QR OENFUMANDGOLISIONS IR

means of forces is called collision. The forces due to the collision are assumed to
be much larger than any external forces presenit.

_ Consider a system consisting two objects A and B of masses m, and m, ‘
moving with velacities u, and u, respectively, such that after collisions their -

}-'elocll:ies change to v, and v,. The total momentum of the system before callision
is i

A= lm1f-'1 + Mty
The total momentum of the system after collision changes to
ﬁ_r = MV + My vy
By law of conservation of momentum
P =P
therefore  myv, + myv; =myu; +myu, —m '

TEED coion

— S
®
Before collision During collision After collision

FH O G T Dl

An event during which particles come close to each other and interact by

Fhln RS BALLS COLLISION

Ball A having mass 0.05 kg moving to the right at velocity of 0.50 m/s makes an
head-on collision with ball B having mass 0.20 kg that is initially at rest. After the
collision, ball Amoves to the left at 0.30 m/s. Find the final velocity of the ball B.

GIVEN: ) . REQUIRED:
Mass of ball Am, =0.05 kg Veloeity of ball B after
Mass of ball B m, =0.20 ke . collision v,=?
- Velocity of ball A before collision u,= 0.50 m/s
Velocity of ball B befare collision u,= 0 m/s u=0.50m/s u=0m/s

By change of momentum and collision between

two bodies m,=0.05kg m,=0.20ke
: Before collision

v=-0.30m/s v,=Im/s

Velocity of ball A after collision v,= - 0.30 m/s @ Q

_m|v1 +MpV¥g =My + Myl

rearranging  mavs = Myl +Myly =My

 dividing by m, on both sides - @ O
. _ Myl + Mgl — MYy m,=0.05kg m,=0.20 kg
W

putting values

_ 0.05kg=0.50m/s+0.20kgx0m/s -0.05kg=x-0.30m/s
2= 0.20kg

_ 0.025kgm/s+0kgm/s + 0.015kem/s

or V3 0.20kg
0.04kem/s
or 21T Tga01

therefore vz =0.2m/s S nswen

Velocity of ball B after collision is0.2m/s
“Assignment 3.5 CARROMBOARD COLLISION |
rrom i i 0.015 kg sliding to the right
rd same the striker of mass having mass s
[ar:;cv?elacit:gfa D.fg m/s makes head-on collision with a disk having mass tl}. 005 ﬁ
that s initially at rest. After the collision, striker Tﬁdﬁkthe right along
direction of diskat 0.20m/s, Find the final velocityof the dist.
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5| GIVEN:

i
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3374 CHANGE OF MOMENTUM AND EXPLOSIVE FORCES -

g LN L

An explosion, where the particles of thE'_ system move apart from each.
other after a brief, intense interaction. Explosion is the opposite of a collision. The
explosive forces, which could be from an expanding spring or from expanding hot

gases, are internal forces. If the system

is fsolated, its total momentum during
the explosion will be conserved, by the
law of conservation of momentum
Firing of rifle:

Consider an isolated system of
bullet of mass m and rifle of mass M.
Such that before firing the total
momentum of the system is zero.

JEXPIOSIVA Forces!

Bullet

Isolated S.ystem

P=0

" After firing the bullet moves with velocity v, in one direction and the rifle

recoils with velocity v, in the other direction such that the total momentum is

again zero.

mvy 'I-J'r‘ll.r‘g =0

Due to the large mass of the rifle it recoils with much lower velocity as

compared to the bullet,

Example 3.6 1% RECG

Abullet of mass 0,008 kg is fired from Ak47

of the bullet is 715 ms™, what would be the recoil velocity of the gun?

g. If the velocity

o) Mass of bullet m =0.008 kg

18 Mass of rifle M =4 ke

& Velocity of bullet after fire v, = 715 m/s

REQUIRED:

Recoil velocity of gun after
firev,=?

By change of momentum and in terms of rifle and bullet

_,---'___'—-.1
mvy +Mv, =0  or

Dividing both sides by M

M'v‘g =—mv;
vy =—m
M

the cannon ball leaves the cannon

. the rocket pushes on the gases in one direction, t{w.-

s _0.008kg=715m/s
ptimgvRIaEs Y= 4kg Will you want tofire with arifle
| ving bullet
: /s of mass 0.008 kg ha
or "'3="5 714 Al of 4 kg, ejecting with a muzzle
speed of 715 m/s?

therefore vy =—1.43m/s = Answor|

The minus sign indicates that the Ak47 rifle’s recoil is to the left. The recoil
speedis A43m/s. |
s Wl ANNON RECOIL

tains a
200-kg cannon at rest con
:‘ﬂ-kg cannon ball. When fired,

with a speed of 90 m/s. What is
] the recoil speed of the cannon?

ROCKET PROPULSION AND THRUST

A phenomenon similar to rnuzzl!a velocity
occurs in rocket propulsion. The rocket e:_ec.ts _u:ases }
from its tail at a high velocity, just as a rifle elect:s -
bullets or cannon fires a shell from ttsbarrel.hmu:‘ket_s B 3
mass isn’t constant because the fuel it ccfntams;hls )
constantly decreasing. Thus giving a!coe!eratmn to eg 1
rocket called thrust. Any space vehucl? is maneuver a8
in empty space by firing its rockets in the I:nre‘;:‘tq:aen =
opposite to that in which it needs to accelerate. e

' before firing

gases push back-on the rocket in the opposite ﬂ‘ .
direction.

3.5 FRICTION : 50 S
- Eriction is a force that opposes reiative motion aF a“.ﬁ:’::: i 5 faite

in contact. Friction is denoted by letter f, ;‘ ctional force is
SALyERs 5)'5‘: b uantity and has unit as newton (N). Fn ot Bl 1t
therefore it is 2 ve&‘:tor ?hat opposes motion of one body over anu:. B
ik g nm: (slide) our hand on a table top, \_Ne can f:e A)
cnntati:t. m::n;?o:\um: need it to bothstart and stop a bicycleand acat.
opposing .
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Every surface is rough, even surfaces that
appear to be highly polished can actually look quite
rough when examined under a microscope. Some
surfaces are more rough than others. Therefore
when one surface slide over another, these
l’l_'regularities bump into one another which gives
rise to frictional force. Secondly at these contact
points the molecules of the different bodies are
close enough to exert strong attractive
intermolecular forces on each other, thus opposing

mation and result in friction.

NORMAL FORCE

A contact force perpendicular to the
contact surface that prevents two objects from
passing through one another is called the normal
force F,. (In geometry, normal means
perpendicular.)

Consider a boak resting on a horizontal
table’s surface, By Newton’s third law the book
exert the force on the table due to its weight and as
a feaction table exert force on the book, which in
this case is a normal force. The normal force due to
the table must have just the right magnitude to
keep the book fram falling through the table. (f no
other_ vertical forces act, the normal force a.n the
book is equal in magnitude to the book’s weight,

If the surface of the table is not horizental
the normal force is not vertical and is not equal ir;
magnitude to the weight of the book. Remembe
that the normal force is perpendicular to ti-uer
contact surface. Even on a horizontal surface if
there are other vertical forces acting on the bn:ak

.then the normal force is not equal in magnitude te;:

e - Microscapic
contact points

——— e

Normal Force

the book's weight as shown in figure.

3.5, 28TV PES OR FRICTIONAL FORCES:
Thereare two types of frictional force, :

1 phwsic IX DATE:5.3.2018 AJ COLOR SCAN SFT 6-B
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A) static friction:
The frictional force that tends to prevent a stationary object from
starting to move is called static friction denoted by f,. For example, when we
push horizontally on a heavy crate. The crate does not move. It means that a
second force act on the crate to oppose our force, and this force must be directed
opposite to our applied force and have the same magnitude to balance our push.
That second force is a frictional force. When we push even harder. The crate still
does not mave. It means that the frictional force can change in magnitude so that
the two forces still balance. Now if we push with more strength, the crate begins
to slide. So wecan say that, thereisa maximum magnitude of the frictional force.

When we exceeded that maximum magnitude, the crate started to move.

B) Kinetic friction:
The frictional force that acts against during motion of an object in a
direction opposite to the direction of motion denoted by f.. .
For example, when heavy crate starts motion, kinetic friction f.i nI::w
replaces static friction f,. If we are applying same force t!!e hEﬂ\:}' crate after it ta;
started moving it accelerates, means that klne_tic friction is less than staw
friction (f, < f,). In order to drag the heavy cr_ate w‘nth constant velocity we hi?ve_la
reduce the force to make it equal to kinetic friction. Table 3.2 shows a similar

situation. = = —
S 5 TABIES2/DESCRIETION OF FRICTION

Ablock rests on a tabletop, with the weig::\tw g
balanced by a normal force F, There is no|
attempt of sliding. Thus, no friction and na]

motion.

We exert a force F on the block, attem?tir_\g to
pull it to the left. In response, a frictional
force f, is directed to the right, exactly
balancing our force. The force js called the |
static frictional force. The block does not

move.

As we increase the magnitude of uur'ap_plief
force, the magnitude of the static I‘nr:l::cunia:Is
force f, also increases and the block rema

at rest.
-




When the applied force reaches a certain
level, the block “breaks away” from its
contact with the tabletop and accelerates
leftward. The frictional force that opposes the

motion is now called the kinetic frictional
force fk.

—
0]

Acceleration

Usually, the magnitude of the kinetic
frictional force is less than the maximum
magnitude of the static frictional force. Thus,
if we wish the block to move across the
surface with a constant speed, we usually
decrease the magnitude of the applied force
once the block begins to move.

3.5.3 COEFFICIENTOEERIGTION. = e

The maximum static frictional force f t TS
. een a pair of surfa
two main characten'gtics. M # ces has

* Itisindependent of the area of contact between th i
e objects, provided that th
surfaces are hard or non-deformable. : 2

Its magnitude is proportional to the magnitude of the normal force F,
.fs_,max = Fy or

fs.ma:: =psFy

e Where y, is a constant of proportionality known as the coefficient of static
I'ICtIGF! and depends on the nature of surfaces in contact before sliding.
Coefficient of static friction p,is

P_\' L -st..ma:r. m
N

The magnitude of the force of kinetic friction f. is assumed
] to b
proportional to the normal force and independent of speed ; =2
fexEy  or fe = e Fy

o Where p, is a constant of proportionality known as the coefficient of kinetic
friction and depends on the nature of surfaces in contact during sliding
Coefficient of static friction ,is .

=i
m=f —gED
As | is the ratio of forces, therefore, it has no units, Coefficient of

[ WorkoRsmE g s

30 physic IX DATF;5,3.2018 AJ COLOR SCAN SET&-A
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friction is constant for a given pair of surfaces. For a different pair itsr:.:ii;::
different value. Values for friction of some pair of surfaces (both
friction and kinetic friction) are given in table 3.3.

TABLE 3.3 APPROXIMATE VALUES OF COEFFICIENTS OF FRICTION
' Coefficient of Static Coefficient of Kinetic
SR Friction, |, Friction, P

Glass on glass 0.94 0.4
Ice on ice 0.1 0.02
Rubber on dry concrete 1.0 i 0.8 b}
steel on ice ' 0.1 0.05 ]
Steel on steel 0.78 0.42
wood on leather 0.6 0.3 _]
|imd on wood 0.35 0.3 _l

Friction is not restricted to solids sliding or tendifng to slide overfzne
another. Friction occurs also in liquids and gases (both of which are called fluids).

Fluid friction occurs as an object pushes aside the fluid it is moving through.
Graphical interpretation of Friction:

rncmnat
force
The graph is drawn between applied force F

and friction f it shows that by increasing the |fire
applied force static friction f also increases
until it reaches a certain maximum value

called limiting friction f, e,

At this point the object starts
moving and frictional force rapidly
decreases to a smaller kinetic friction f,
value, which nearly remains constant.
Advantages of friction:

Friction is desirable in many case?,
i) Our ability to walk depends on friction
{or feet) and the ground.
if) Friction holds the screw and n

for example
between the soles of our shoes

ails in wood.

ther useful application of friction.

Lo e e
iii)  The lighting of a match stick is a —




Disadvantages of friction:
Friction can sometime be a hindrance. for example

N It slows down moving objects and causes heating of moving parts in
machinery. :

ii) Energy is wasted to overcome friction in machinery.

iii)

y the joints,
have very small coefficients of friction. A joint is
formed by the ends of two bones, which are
connected by thick tissues. The knee joint is
formed by the lower leg bone (the tibia) and the
thighbone (the femur). The ends of the bones in
the joint are covered by cartilage, which
provides a smooth, almost glassy surface. The
joints also produce a fluid (synovial fluid) that
reduces friction and wear, A damaged or
arthritic joint can be replaced by an artificial
joint (shown in lower image). These
replacements can be made of metals (stainless
steel or titanium) or plastic {polyethylene), also F
with very small coefficients of friction.

ROLLING REDUCE FRICTION
' Take the book and slide it on the table now place book on few pencils and roll it
you will see that less effort is required.

3.5.4 ROLLING FRICTION:

If we set a heavy spherical ball rolling, it
experiences an opposing force called rolling
friction. When a body rolls over a surface, the
force of friction is called rolling friction.

ACTIMITY

It is a matter of common observation that
a body with wheels move easily as compared to a
body of the same size without wheels. This is due
to the fact that rolling friction overcome the
problem of fr

et A

e

I

METHDDS OF REDUCING FRICTION
Some nfethods of reducing friction are given below
(i) By polishing;
If we polish the rough surfaces, they become smooth and friction is
reduced.
{ii) By applying Lubricants (oil or Grease) Lo surfaces:
Friction of certain liquids is less than that of solid
surfaces, therefore, oil or grease is applied between the parts
of machinery.
{iii) By using Ball Bearing:
This method converts the sliding friction is converted
into rolling friction by use of ball bearings.

“FUTURELUBRICANTS: -
Research into lubricants continues to try to find ways to reduce the 4
coefficient of kinetic friction, p,, to a value as close to zero as “

possible, Modern lubricants include buckyballs — molecules

consisting of 60 carbon atoms arranged in the shape of a soccer ball,
which were discovered in 1985. These molecules act like

microscopic ball bearings.

It Gl PHYSICS OF CARTYRES

A) The friction between the car tyres and the road
is static friction, because the bottom of the tyre

is deformed and comes in static contact with the Q

P At contact point tyre
B) Static friction is more than kinetic friction,  js deformed and is

‘therefore we need the tyres of the car to be  momentarily at rest
rolling than sliding to have grip on the road:

The friction during sliding is less than the friction
that builds up before sliding takes place. When we slam on breaks the tyres lock,

they stide, providing less friction than if they are made to roll :‘n af :i'f;.?c.l : r:iixgmzzz
does not slide along the road surface, and the friction li ;:a ::l.e mmu,m oth sy
grab than sliding friction. But once the tyres start o s ; ol e
reduced. Modern cars have an antilock brake system keeps

threshold of breaking loose into adslide.

K i ot depend upon speed: :

¥ ?rliril:telt; Lﬁxti:se:d uﬁ?epeed. Acar skidding at low speedr _h;s ;ﬁ?ﬂ:ﬁf&gﬁ

i kidding at high speed. If the fric! _ .
syt a: g::'::rssa;:ueedme a:: a clns% approximation it s 100 newmnst:t ::ag;xz:

1mwT;1n:riition force rr:aybe greater when the tyre s at rest and on the verg
5 v
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sliding, but, once slidin ;
! ¥ g, the friction force i -
remains approximately the same. {-f':l_FORMﬂT [ON : .

D) Friction does not depend an the area of contact. b
For a narrower tyre the same weight is
cancentrated on a smaller area with no change in
the amount of friction. So those extra wide tyres
you see on some cars provide no more friction
than narrower tyres. The wider tyre simply
spreads the weijght of the car over more surface
area to reduce heating and wear. Similarly, the
friction between a truck and the ground is the
same whether the truck has four tyres or
eighteen! More tyres spread the load over more
ground area and reduce the pressure per tyre. The stopping distance when brakes
are applied is not affected by the number of tyres. g

E) Tyres have treads not to increase friction but to displace and redirect water from

between the road surface and the underside of the tyre: Many racing cars use tires

without treads because they race on dry days.

The brakes of a bicycle use
friction to enable the cyclist
to control the speed.

T

Example 3.7 JEETCT: KAGEION:WOQD S
Ayesha pushes a newly bought deep-freezer of mass 120 kg packed in wood
across a wooden floor. (a) She applies a 400 N force to set it moving, what is the
coefficient of static friction? (b) Then she makes it move with constant speed

by applying force of 350 N, what is the coefficient of kinetic friction?

5| GIVEN: REQUIRED:
o] Mass =120 ke (a) coefficient of static
Normal force F, = W = mg frictiony, =2 '
: =120 kg x 9.8 ms” (b) coefficient of kinetic
Ui ¥ : frictionp, =7
T Normal force F, = 1176 N _ i
1| (a) Applied force to set the package moving is equal static frjctiqna_l force,
13.' therefore f, ... = 400 N, by the relation for coefficient of static friction y,
.-fs.ma.x - 400N
ﬁ: He = —-HN— pﬂtt*ﬂg values [is 1176 N

or  p, =0.340 — (T

e to keep it moving at constant speed is equal to kinetic

b) Applied forc i
il therefore f, = 350 N, by equation for coefficient of kinetic

frictional force,

friction y, f, ) : - 350N
J‘lk :-F-;- putt]ﬂg vailues Mg = 1176 N

or we =029 —{FHET

These values are close to the approximate values given in the table for the
coefficient of friction between wood and wood.

A5 kg heavy leather bag is placed on a horizontal wooden plank. How
is required to set it in motion if the coefficient of friction phetween th;n :l:arl!l;oar::
bagis0.1.

LA work: ol
= |nvestigate the relationship between force of limiting friction and normal

reaction to find the co-efficient of sliding friction betw woode!
r ee
and horizontal surface. 7 ek

. MiEESUI‘E" the farce of limiting friction by rolling a roller on a horizontal
plane.

“TENSION®

The pulling force exerted by a stretched rope, string, cable or cord

on an object to which it's attached is called a tension force. Tension

is always a pull force. Hence, the direction of a tension force i

:lr"::fe the direction in which one would pull the abject with a string
-9

Suppose a person is holding an object of mass ‘m’ at rest with the TJi

help of a string, the object exerts a force on the hand through the

string in the downward direction due its weight. By Newton's third

taw the force which is exerted by the string on the hand is called the ]

tension in the string and it is usually denoted by T. As the object is at

rest the magnitude of tension is equal to that of weight of t j
asshown in figure., 3 R

ATWOOD MACHINE
Pulleys are often used to redirect a force exerted by a string, as
indicated in the figure. In the ideal case, a pulley has no mass and no
friction in its bearings. Thus, an ideal pulley simply changes the
direction of the tension.in a string, without changing its magnitude.
When two objects of unequal mass are hung vertically over a

. frictionless pulley of negligible mass, the arrangement is called an
| Atwood’s machine.

T S TR
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3.6 CONNECTEDBODIES

When two objects are connected by a string, applying a force on one of the
objects will cause both objects to accelerate at the same rate. ;

3.6.1/ACCELERATION ANDTENSIONINATWOOD s MACHINE
Consider motion of two objects having masses m, and m, (with m, greater

than m,) suspended by an inextensible string which passes over a frictionless
pulley forming an Atwood's machine. In such an

arrangement m, will move downward under the action of | Figure 3.10 -
gravity and m, will move upward. Tension T and
acceleration a will be same for both bodies.

Two forces are acting on mass m,:

i) Its weight W, = m, g, acting downward
ii) Tension of string T, acting upward.
As m, is moving downward, the net force F,,,

acting on it is downward due to which acceleration ‘a’
is produced in it. Hence,

Free1 =Wy =T
Ay

or ma=mg-T

m,
rearranging T=meg-ma —&p %

Similarly two forces are acting on mass m;: L W, = mg

. Its weight W, = m, g, acting downward
. Tension of string T, acting upward.

As m, is moving upward, the net force F,,, acting on it is upward due to
which acceleration ‘a’ is produced in it. Hence,

-

Fretz=T-Wa
or mpa=T-mg
rearranging T=ma+m;g —-@

Since both equation 1 and equation 2 equal to T, therefore we can write

- -~ “a

-~
m;a+m;g=mg-ma

rearranging ma+ma=mg-m,g

taking common (my+my)a=(m-m,)g

dividing both sides by m, + m, (mrh)a _ (my-my)g
Ime—713) {my + mm3)

therefore a={M=m;) —m
(my +m;) %
This is the value of acceleration at which bath masses are moving.

ELEVATORS AND ATWOOD's MACHINE m

The supporting cable in elevatars passes up over
a pulley and then back down to a heavy, movable Elg;;gw E‘*‘
counterweight, as shown in Figure 3.11. Gravitational | — :_’E'..
forces acting downward on the counterweight create |
tension in the cable. The cable then exerts an upward |
force on the elevator cage. Most of the weight of the |
elevator and passengers is balanced by the counter. I
weight. Only small additional forces from the elevator | 'l
motors are needed to raise and lower the elevator and its |
counterweight. Although the elevator and counter- counter
weight move in different di rections, they are connected welgk
by a cefble, .50 they accelerate at the same rate, S
Elevators are only one of many examples of machines
that have large masses connected by a cable that runs
overa pulley.

To find tension T, we can put the value of a in either equation 1 or 2

for equation 1 T=mg-m, ::Mg

(my+my)
taking m, + m, asLCM T = 08X (M +m3) —my ¢ x (my — my)
(my+my)
or TSRS rmmyg-mig mymg
(m; +my)

__2mym,
therefore T-{mt"_mﬂg _m

N —— T




Example 3.8 J8IF [EVATO ATW
| Let the elevator is going up with mas

mass of the elevator when carrying passengers is 1000 kg. Calculate a. the

acceleration of the elevator and b. the tension in the cable.

GIVEN: REQUIRED:

mass of counter weight m, = 1200 kg accelerationa=1
mass of elevator m, = 1000 kg
acceleration due to gravity g = 9.8 ms”

a)  From Atwood's machine equation for acceleration

tension T =7

g={M=—m)
{m1+m2j
g (1200 ke —1000 kg) -3
== 2 9 8ms
putting values 0= 0kg+ 1000kg) ~
Elevator weight
200 k6 22 m, = 1200 kg
or = e———— .8
a szﬁé %9.8ms i

therefore a=0.89ms™>

The elevator accelerates downward (and the
counterweight upward) at an acceleration of 0.89 m/s’

b)  From Atwood’s machine equation for tension

Frae ETHDE
(my +my)
3 ioht
putting values T = 2 %1200k x 1000kg «9.8ms-2 counter weig

(1200kg + 1000kg) m, = 1000 ke

_ 2400000kg” o o

or T= If both mass of elevator
220048 cabin and counter

= 2 as N=kems-? Weightareequalas 1000

or T =10691 kems N = kems i'kg' What is the
therefore T =10691N —{E0ad acceleration and

tension in the cable.

|EXTENSION EXERCISE 3.3

The tension in the elevator cable is 10691 N
SIMPLE ATWOOD MACHINE:

]_Assignmerlt 3.8

Two bodies of mass 3.5 kg and 1.5 kg are tied to ends of string which passes over a

pulley. Find a. the acceleration of bodies and b. the tension in string.

LAB\WORK

To determine the value of “g" by the Atwood’smachine.

When a body moves in a circle we call it
circular motion, for example, a famous
amusement ride is Ferris wheel (shown in
picture) which makes us move in a circle.
Circular motion is of two types - uniform circular
motion and non-uniform circular motion, When
the speed of the moving object does not
change as it travels in the circular path, it is
called uniform circular motion. However when
there are variations in speed, for an object
moving in circular path we call it non-uniform Lo
circular motion.

3-7.1:CENTRIPETAL AGCELERATION L Bl

Acceleration can be produced in a body either by increasing or decreasing
its magnitude of velocity (known as speed) or by changing direction of velocity.
When an object movesinaci rcle, it continuously changes its direction. This means
that, the object moves ata tangent to the circular path in which it travels. The
velocity vector is also directed along the tangent. We can demonstrate this witha
simple experiment.

Tie a ball to a string, and rotate it around head by holding one end of the
string so that the stope travels in a circle.

If you let go of the string, the ball will
travel in a straight line. This shows that velocity
vector is directed along tangent. The same 7
phenomena is used in hammer throw game,
when athlete whirl and let the hammer go it
travels a straight distance. '

However, as there is a continucus change
in the direction, an object moving in a circle is
always accelerating. This acceleration is
directed inwards, towards the center of the circular path, and is known as
Centripetal acceleration. For an object of mass m moving with velocity v, in the

e T




ﬂ':z——- -
r % v

The negative sign shows that acceleration is ;

directed towards the center.

3.7.2 CENTRIPETAL'FORCE =~
To produce an acceleration, a net force GV
has to act on the system. The net force is directed v
perpendicular to the velocity vector, towards the |, particle moves in
center of the circular path. This force is called |\ icorm circular mation its
the centripetal force. In the absence of the |yc(ocity vector changes
centripetal force, the object will travel in a |direction at every point
straight line. Hence, the effect of the centripetal |resulting in centripetal
force is to continuously change the direction of |accelerationa,.

the moving object, forcing it to move in a circle.
The centripetal forceF, by Newton's second law of motion can be written as

F. =ma,
putting value from equation 3.14 , we get
2 —
F.= L

The following are some daily life application of centripetal force.
A) Banking of Road:

When a car moves along a curve, centripetal force is required. In the
absence of this force, the car will skid off the road. The force of friction between

the tyre and the road provides this centripetal force and keeps the car maving on
the curved path. However if the tyres are
worn out or the road is slippery due to some
rain, snow or oil spill, the friction will be not
be enough to provide necessary centripetal

force.

For extra protection level of the |
outer edge of a round track is kept slightly
higher than that of the inner edge known as
banking of road. In this case the normal

companent of thevehicle | Tip-g(Ts

increase friction to
Race car coming towards a

provide necessary e A
centripetal force for safe | ... %, ;‘E n‘:en:;r:r "::g

z;lrz::lial: fr: ; ound the | experienced friction force.to |
ck. give them the needed
That is, roads | S®Ntripetal acceleration for

rounding th e
must be steeply banked dig w”gm :‘E::_;:i ;ﬁf;!;} B

for high speeds and sharp | cors on which there was not
curves. Since the race | sufficient force—and which
car tracks are designed unfortunately followed more
for high speeds, every | nearlystraighe-line paths,
turn has its own limiting

speeds to pass, dependingu pon banking provided,

B) Centrifuge:

A centrifuge is a device that separates
substances suspended in a liquid by spinning a sample
of liquid very quickly around an axle. Any small denser k“
particles found in the liquid travel in a straight line g5

i?side the test tube, obeying Newton's first law. The -
liquid in the test tube applies a centripetal force on
these particles to keep them moving in a circle. After
running the centrifuge at high speed for a period of
time, the particles become clumped together at the
bottom of the test tube, which can be collected and
the sample is analyzed.

The same centrifuge principle can be used in
these commonly used devices.

(i) Separator:

A separator is a Centrifugal device that
Separates milk into cream and skimmed milk. In this
machine milk is whirled rapidly. Since milk is a mixture
‘ff light and heavy particles, when it is rotated the
light particles gather near the axis of rotation whereas
the heavy particles go away and hence cream can
easily be separated from milk.




(iiy  Washing Machine dryer: . !//
Washing machine dryer is a kind of centrifuge. '/
The dryer consists of a long cylinder with small _holes |
on its walls. Wet clothes are placed in this cylinder,
and then rotated rapidly. Water moves outward tothe §
wall of the cylinder and is drained out through the “¢
holes. In thisway clothes become dry quickly.
BUGIONIDISK. " & a
Suppose this bug has a mass m = 5.0 g and sits on the edge of a compact disc of

radius 6.0 cm that is spinning such that the bug velocity is 1.2 m/s. Find a. the
centripetal acceleration of the bug and b. the total force on the bug.

Given

mass m=5g =0.005ke

velocity v=1.2m/s

radius r=6cm=0.06m
REQUIRED:

(a) centripetal acceleration a, =7
(b) centripetal force F. = ?

Z Or= i Ol

The centripetal acceleration of bug is W
v2 __(ams™y
G == putting values a = ——-———-D. o6m
1.44m*s™
0.06m

-2
therefore a, =-24ms __m

The centripetal force on bug is F.=.ma,
or F,=0.2N —EE®

or @ =-

putting values F, =0.005kg x24ms™

BXD) MASSOFPLANE
ne at56.6m/sina circular path with a radius of 188.5

! Apilot is flying a small pla _ .
l mpThe centripetal force needed to maintain the plane's circular motionis 1.89 %
ass?

| 10'N. What is the plane’sm v
I s e ————

| Assignment

e

Unit - 3

Dynamics: The branch of mechanics in which we discuss the motion of
(5| bodiesalong with causes of motion of bodies.
\V4 Force: Force is a physical quantity which moves or tends to move a body,
= stops or tends to stop a moving body or which tends to change the speed
and direction of a moving body,
41 Newton 1st Law of Motion: This law states that every body continues in its
> state of rest or uniform motionina straight line unless an external net force
1 actsuponit.
1Ll pewton Second Law of Motion: This law states that whenever a net farce

| acts on a body, it produces acceleration in the direction of the net force.
The acceleration is directly proportional to the net force and inversely
proportional to the mass of the body.
Mewton Third Law of Motion: This law states that to every action there is
an equal and opposite reaction.
thass: The quantity of matter in a body is called its mass.
Weight: The downward force with which the earth pulls 2 body towards its
| center is called weight of the body.
Momentum: The product of mass and velacity is called momentum. It is a
vector quantity. :
Law of Conservation of Momentum: This law states that if there is no
external force applied to a system, the momentum of that system remains
|| constant.
Feree of Friction: The force which opposes the motion of an object whilein
contact with its surroundings is called the force of friction.

! Uniform Circular Motion: If a body moves in a circular path with a uniform
o speed, it is said to be in a uniform circular motion.

Centripetal Force: The force which compels a body to move in a circular
pathis called centripetal force.

K

(o]E] :
ROLLER COASTER: Many amusement-park rides utilize centripetal
acceleration to create thrills for the park’s customers. Choose two rides that
involve circular motion and to explain the physics of circular motion creates
! the sensations for the riders. Prepare a presentation to be presented in



TYRES IM PAKISTAN, ARE PEOPLE AWARE?: Research tyre types used in
Pakistan. What type of tyres are better in hot and dry conditions, cold ang
snowy regions and in wet weather? Interview few people who drive ang
gather information whether they know the advantages and disadvantages of
wide tyres and treads on tyre .

Photograph different types of tyre treads found on cars in your school
parking or a local tyre store. Think, to which of the tyres you
photographed provides the shortest stopping distance on dry roads, snow,
| and ice. Use Internet ., electronic and print resources to collect data
on the stopping distances for the %8 you have chosen. Compare these
results to your predictions. Make a cataloguenf your research and place itin
school library for reference.

o me O 20

| ROAD BARRIERS: Design an experiment that uses a dynamics cart with other
easily found equipment to test whether it is safer to crash into a steel railing
or into a container filled with sand. How can you measure- the forces applied
to the cart as it crashes into the barrier? If your teacher approves your plan,
&) perform the experiment. Write how your research will prove to produce
more effective highway barriers.

GROUPR:- D

CONVEYER BELTS: What are conveyer belts. Research dlffEI“Eﬂt conveyer
belts and their uses. In terms of static and kinetic friction analyze the fabric
of different conveyer belts, used in industry. Prepare a presentation, charts
3 and models for conveyer belt.

GUN TEST: An inventor is testing his new rifles during the target-shooting
segment of an event. The new 0.75 kg guns shoot 25.0 bullets at 615 m/s.
The shooting team coach has hired you to advise him about how these.guns
' could affect the accuracy. Prepare figures to justify your answer, display
them on chart. Be ready to defend your position.

Y DATE:S.3.7018 AJ COLOR SCAN SET 7-B

@» A 30 kg object is supported from rope, such that tension in the rope is
l[. equal to its weight. the weight gf'the object is

G A 30k B. 30N 294 N D.9. BN!kg
; é @ Force needed to produce an acceleration of 10 ms” in a ball of mass
o 0.5kg is }/
A. 20N B.10.5N  C9.5N 5N

@ Ball A collide with ball B which is at rest, after the collision which of
“t the following condition is not possible

Hi 5
el A. ball A comes to rest and ball B start moving
B. both balls move in same direction

Vafh balls move in opposite directions
both balls are at rest

@ What is the mass of a car that is traveling with velocity of 20 m/s[W]
= and a momentum of 22000 kg m/s[W]

5| A 440000 kg B.21980kg C.22020kg D. 1100 kg
}“ @ An object at earth and taken to moon should have
foll A less mass/less weight B. same mass/more weight
] L/::; mass/less weight  D. less mass/same ei’ght
{& The unit of coefficient of friction is /
AN - B. ke Cy- D. it has no units
& The centripetal j;l:l?atinn for an object of mass 1 kg moving with 6

m/sin a circle of radius 3 m is.
A. 18 ms? B¥12 ms® C.10ms* D.2ms’

@ How many times the centripetal force will increase if the mass of a
{  body moving mpué‘fnnn speed in a circle is doubled?

A, Six time " Two times C. Four times  D. Eight times

1 € Which of the following forces can act as a centripetal for
A. tension

. All of these

B. friction  C. gravitational force
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@ An empty suitcase jsplaced in the middle of bus on its floor traveling
at high speed. When the bus brake suddenly, the suitcase slide

A. backwards B! forward C.jumpsup  D. remainsin place

@ In Newton's third law the action reaction pair does not neutralize each
other, because they

A. act on same body . act on different bodies
C. act on third body D. produce friction

S CONGEPTUAL QUESTIONS 11
Give a brief response to the following questions,
@ Why does dust fly off, when a hanging carpet is beaten with a stick?

@ I your hands are wet and no towel is handy, you can remove some of the
excess water by shaking them. Why does this work?

€ Why a balloon filled with air move forward, when its air is released?

€ Why does a hose pipe tend to move, backward when the fireman directs
a powerful stream of water towards fire?

@ Your car is stuck in wet mud. Some students on their way to class see
your predicament and help out by sitting on the trunk of your car to
increase its traction. Why does this help?

@ How does friction help you walk? Is it kinetic friction or static friction?

& The parking brake on a car causes the rear wheels to lock up. What
would be the likely consequence of applying the parking brake in a car
that is in rapid rgotion?

@ Why is the surface of a conveyor belt made rough?

€ Why does a boatman tie his boat to a pillar before allowing the

passengers to step on the river bank?

In uniform circular motion, fs the velocity constant? Is the acceleration

constant? Explain.

@@ You tie a brick to the end of a rope and whirl the brick around you in a
horizontal circle. Describe the path of the brick after you suddenly let go-

of the rope. .
(B Why is the posted speed for a turn lower than the speed limit on most

Give an extended response to the following questions.

.@)- What is force? What are its unit. Distinguish between contact and non-
contact forces?

@ State and Explain Newton's three laws of motion. Give one example of
each. »

& What is weight? Differentiate between mass and weight.

@ Define momentum. Relate force to change in momentum.

@ Define isolated system. Explain the law of conservation of momentum.

@ Define collision and explosion, Explain change in momentum in terms of
collision and explosion.

€ What is friction. What are microscopic basis of friction? What i l'.i nurmal
force, how it affects friction.

o Differentiate between static and kinetic friction by giving an example.
Find the expression for the coefficient of kinetic and static friction.

¢ What are advantages and disadvantages of friction. Also give methods to

reduce and improve friction.
@ What is tension? If two connected bodies of masses m, and m, are

hanging from the ends of a string which is passing over a pulley, find the

values of tension and acceleration in it.

@ What is uniform circular motion. What are the factors on which
magnitude of acceleratmn (centripetal acceleration) in uniform circula
motion depends.

B What is centripetal force? Explain how centripetal force is used in
banking of roads and centrifugation.

r

0

highways?

@ 1580-kg car is traveling with a speed of 15.0 m/s. What is the

magnitude of the horizontal net force that is required to bring the car

to a halt in a distance’of 50.0 m?

@ Abullet of mass 10 g is fired with a rifle. The bullet takes 0.003 5 to
move through barrel and leaves with a velocity of 300 ms'. What is th
force exerted on the bullet by the rifle?

V|

e
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€ A2200-kg vehicle traveling at 94 km/h (26 m/s) can be stopped in 215
by gently applying the brakes. It can be stopped in 3.8 5 if the driver
slams on the brakes. What average force is exerted on the vehicle in

both of these stops?
€ You want to move a 500-N crate across a level floor. To start the crate
* moving, you have to pull with a 230-N horizontal force. Once the crate
“breaks loose” and starts to move, you can keep it moving at constant
velocity with only 200 N. What are the co-efficients of static and kinetic
friction?

@ Two bodies of masses 3 kg and 5 kg are tied to string which is passed
over a pulley. If the pulley has no friction, find the acceleration of the
bodies and tension in the string. 3

@ Defermine the magnitude of the centripetal force exerted by the rim of
a car’s wheel on a 45.0-kg tyre. The tyre has a 0.480-m radius and is
rotating at a speed of 30.0 m/s. :

@ A mntc-rcycl_ist is moving along a circular wooden track of a circus {death
well) of r‘adlus 5'm at a speed of 10 ms”. If the total mass of motorcycle

and the rider is 150 kg find the magnitude of the centripetal force
acting on him?

@ Acar of mass 1000 kg is running on a circular moter way interchange

near.SWab: with a velocity of 80 rns"‘the radius of the circular motor

way interchange is 800 m. How much centripetal force is required?

“WEB/INKSHl
https://faraday. physics.utoronto.ca/PVB/Harrison/Flash/
http://howthingsfly.si.edu/flight-dynamics/newton%E2%80%99s-laws-motion
http://www.school-for-champions.com/science/force. htm#. WihodryWbiU

Turning helps
in many situations

TURNING EFFECT
" OF FORCES

: | After studying this unit you should be able to:

@ define like and unlike parallel forces.

@ state head to tail rule of vector addition of forces/vectors.

1= | ~describe how aforce is resolved into its perpendicular components.

(€ determine the magnitude and direction of a force from its perpendicular

-!E», components.
| .~define moment of force or torque as moment = force x perpendicular distance from

; ; pivot to the line of action of force.
||| vexplainthe turning effect of force by relating it to everyday life.

# a1l vstate the principle of moments.
| vdefine the centre of mass and centre of gravity of a bedy.

vdefine couple as a pairof forces tending to produce rotation.
+prove that the couple has the same moments about all paints.

| vdefine equilibrium and classify its types by quoting examples from everyday|
e vstate the two conditions for equilibrium of a body.

ife.

vsolve problems on simple balanced systems when bodies are supported by one pivot

only. . .
| vdescribe the states ofequiiibﬁumandclass:fythemwmcmnml_m exaranes.ub
§ vexplain effect of the position of the centre of mass on the stability of s’.mp_:li —jnsfcis_. ;
S ' : Page’ 99




Unit - 4

Until now, we have been concerned mainly with translational motion. We
discussed the kinematics and dynamics of translational moti-:!n (therole _Of force).
In this Chapter we will deal with rotational motion. We will discuss the kinematics
and dynamics qf rotational motion (involving torque). Our understanding. of the
world around us will be increased significantly and there may be a few surprises.

We will consider mainly the rotation of rigid objects about a fixed axis. A
rigid object is an object with a definite shape that doesn't change, so that the
particles composing it stay in fixed positions relative to one another. .

2.1° FORGEDIAGRAMS

To study the effects of forces acting on Figure 4.1 B ENEEE NG

any object, we can apply the skill of drawing =
force diagrams. Since force is a vector quantity |
it can be represented by an arrow. Force
diagrams are very useful conceptual tools for
physics students because they help examine
the forces acting on an object. In force
diagrams the object on which forces are shown ;
is reduced to a dot at its center and the forces .
acting on the object are represented by arrows PR e
pointing away from it.

For example, if we were to draw a force - I

MNormal Force  Mormal Force

diagram of - this textbook placed at rest on

table, we would reduce textbook ta a dot, and
“Weight

draw two arrows representing forces acting on Weight
it, as shown in Figure 4.1 a. One of the forces is
the weight of the book, pulling it downward. The other force is the normal force
due to the bench pushing the book upward. The forces in Figure 4.1 a are equal and
opposite; that is, the magnitude of the gravitational force is equal to the
magnitude of the upward force due to the table. These two forces are an example
of balanced forces. When an object is acted on by balanced _fcn:es, the forces
cancel each other out and the object behaves as though no force is acting on it.

Figure 4.1 b is a force diagram of a textbook in free fall. Assuming
negligible air resistance, the only force acting on the baok s the force of gravity
downward; there is no balancing upward force. As a result, the force due to gravity
on the book is unbalanced, and the book accelerates downwards,

Figure 4.2 parallel Forces

ujf the directions of forces are parallel to each other, even if they are in opposite
direction, those forces are called parallel forces. If they are in the same direction
they are called ‘Like parallel forces’ and if they are in the opposite direction they
will be known as ‘Unlike parallel forces’. :

Like parallel forces: For example when we lift a box with
double support we are applying like parallel forces from
each support, the force from one support may be greater
than the other as shown in the figure.

. s 1
Unlike parallel forces: For example when we apply force
with our both hands on steering wheel of a car to turn it the F,
force from ane hand may be greater than the other as shown E

in figure. we are applying unlike parallel forces.

4.2 ADDITION OF FORCES
Addition of forces is a process of obtaining a single force which
produces the same effect as produced by a number of forces acting together.

Forces are vectors and may be added geometrically by drawing them to a

. common scale (Recall chapter 2: Kinematics, repreéentation of vectors) and
placing them head to tail. Joining the tail of the first force vector with the head of
the last will give another force vector which is the sum of these forces called
resultant force (or net force, as you are already familiar with this from last
chapter, Newton’s Laws). These two terms resultant force and the net force can be

used interchangeably.
The situation of addition of forces is simple for like and unlike
parallel forcesi.e.
Add the magnitudes of vectors in case of like parallel forces.
Subtract the magnitudes of vectors in case of unlike parallel forces.

Few examples are shown in the figure 4 3,
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Figure 4.3 }GHatmlel Parallel Forces
ON .

5N SN 1

i) = wEewE 10N +-5Hl =TEN
5N - 5N ON
= =

5N 10N
1oNl +-8n ]| =42N
5N 10N -5N T
But things get complicated when the forces being added are notan angle to
each other (neither parallel nor anti parallet). In such cases we will not make free
vectors as above but we would have to draw vectors on acoordinate axis.

As an example consider two persons pulling a cart such that their force.
vectors are drawn to same scale. Draw F, making angle 8, with the x-axis and F, -

making angle 8, with the x-axis, as shown in the figure 4.4.

rule.
i Sketch first force vector F, using same scale according to se:lected scaleina
given direction. s :
ii. Now place the tail of the second force vector F, on the head of the first.

force vector F,in the given direction.
e ). Addition Of Forces Making AnAngle

The following steps must now be followed to add the vectors by head to tail

| Example 4.1
| Two peopte, Aand B, are pulling a trash cart with

-+ Tornins BRI

- Mow the net force, resultant force F, [

w: can be obtained by joining the tail ::! th; '
first force vector F,to the head of the
second force vector Fy, putting an arrow
on the line pointing away from the origin
gives the resultant vector F, as shown in
figure 4.5. .

iv. To determine the magnitude of resultant
measure the length of F, and convert it
back according to given scale. To
determine the direction of the resultant
measure the angle of resultant 8, with x-

axis.
ﬁg = F_-A +Fg '_—m

Addition of More than two Vectors:

This rule for \irectqr addition can be extended to any number of forces.

PULLING TRASH IN DIFFERENT DIRECTIONS

two ropes. Person Aapplies a force 20 N [50° with
x-axis] on one rope. Person Bapplies aforce of 15 === /gy

N [0° with x-axis] on the other rope. Calculate I' S8 =
the magnitude of net force on the trash cart.

| Scale: y
- g F215 N
Let 5N =Km ; 3em
F, =20N'= 4cm :
8, =50°with the x-axis Scale
’ 5N=1
F, =15N = 3cm i o
LY

8,. 0° with the x-axis AT s




Finding the resultant:

We joined the tail of the first to the
head of the second vector to get the
resultant F,. We then measured the length of
vector F, which was about 6.2 cm (6.2x5=31
M), and with the protector we measure the
angle B = 307 with x-axis.

F, = 31 N, 30" with x-axis _m

|HEAD'TO/TAIL RULE

[ EXTENSION EXERCISE 4.1
will it make any difference
if you first draw F, and then
F, to find the resultant?

Assignment 4.1
Two forces are applied one force is 25 N [20° with x-axis] and the other force is 10
N [60° with x-axis], find the net resultant force. ;

4.3 RESOLUTIONIOFFOREES

The process of splitting a force vector into
two or more force vectors is called resolution of
forces. The force vectors so obtained are called
components.

POINT TOIPONDER

) : o Is vector addition of more
This process is opposite of addition of vectors, than two forces possible

in principle force being a vector can be resolved into by head totail rule?
as many components as we wish. However If these '
components in to which a force vector is split are
perpendicular to each other then such components are called rectangular
components of vector. Resolving forces into rectangular components help us to

analytically add forces rather than needing T ) Rectanaular Components

a ruler or/and protector. Part of the —
graphical techniqgue is retained, because
vectors are still represented by arrows for
easy visualization.

Analytical methods are more
concise, accurate, and precise than
graphical methods, which are limited by
the accuracy with which a drawing can be
made. Therefare, in physics, very often we
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eed toseparate avector into rectangular components . For example a ice block is
being pulled by a boy using rope. We can think of force as tension in the rope. This
single force F can hE_ resolved into two components - one directed upwards
rightwards along x-axis (F,) and the other directed upwards along y-axis (F,} as

shown in ﬁg“-&- :
Consider a force F in the Cartesian | Figure 4.7 JRETREnFITETRE 1l [ 1]
coordinate System, represented by the

Y
ine OP, making an angle 8 as shown in the | i
5 llu sEEsmE

figure. 47

praw perpendiculars from point P
on x-axis and y-axis which meets the axis at z
points Q and S respectively. Put arrow head
from the direction of O towards Q. _a_ﬁd S s
such that they represent vectors as F, (0Q
& 5P) and F, (OS & QP), becomes the
rectangular components of vector F (OF).

TABLE4.1: ANGLE VALUES

By head to tail rule of vector
addition, we know that force F is the vector
sum of F,and F,, mathematically

F-fof, —@
Components rtepresented in terms of | 3¢ | 0.866 0.500 0.577
force: Consider a triangle A OPQ, without
taking the _sides as vectors . This forms a| 45° | 0.707 0.707 1.000

right angle triangle for which we have.

3 ; 866 .500 1.732
= Base E oQ y 60" | O 0
hyp OP

90° | 1.000 0.000 infinite

=
or ==L
cosf 3

therefore F, =Fcosb ———m
e X Perp QP
similarly” - = e
Y sinB hyp  OP




therefore F, = Fsino — (0

This means that we can calculate the
components analytically juct by knowing the
value of force and the angle.:

Force represented in terms of its Components:
Since triangle A OPQ, ‘from a right angle triangle,
therefore we can use Pythagorus theorem, which_
states that '

(hyp)? = (base)* + (perp)’ 0 F, Q

Jihyp)? = (base)* + (perp)’
" hyp=yibase)' + (perp)’
or  OP=y0QF+@.

The magnitude of vector can now be determined if the values of the
magnitudes of components are known. To determine the direction in right angle
triangle A OPQ, we have tan 8 as

taking square root on both sides

such that

therefore

tanB;M=9£
. base 0Q

" | Example 4.2 )| =

Divia is pulling a box on the floor with a force of 20 N making an angle of 60° with
th horizontal: Find the horizontal and vertical components of this force.

GIVEN REQUIRED:
Force F=20.0N
Angle 6 = 60°

(a) Horizontal compaonent of force F, =1
(b) Vertical component of force F, =7

106,

_

a) Horizontal component of force F, is the
force that is involve in moving the box along
the floor, Using equation4.3

F,.= F cosB
-putting values

F, =20Ncos60®

therefore AR LT Answer |

(a) For vertical companent of force F, we will use equation 4.4

- -

e B T, )

ZHO!

F)' = Fsinﬁ .
putting values  F, =20Nsin60"
therefore F, =17.3N o Answer |

To check the answer, we can convert the components back into magnitude
and direction.

F =R}

© putting values

F = Jaoy _+(1:-'.3}‘

or - F=4/100+299.3
* therefore

F=19.9N =20N

The magnitude is nearly equal to 20 N, therefore our calculations are
correct, now to check the angle

-

F
B =tan"L
F

X

 putting values 0 = tan™ %i
or -~ @=tan1.73

0 =60°.
As the angle is equal to 60°, therefore our calculations are correct.
Assignment 4.2 JullMEI{eRel iy

While tilling your garden, you exert a force on the handles of the tiller thathas
components F, = 85 N and F, = 13N, The x-axis is horizontal and the y-axis peis
up. What are the magnitude and direction of this force? -

therefore
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ROTATLT:;’::; ﬂg‘;ﬁ,ﬁ:wnm of an object moves about single fixed axis (which
n force diagrams we have seen that

can be external is called rotational motion). |
extended object (an object that occupies nen zero space) fnrces. can be shc_.wu by
there are some situations for which wa

_a systemn of particles for which the size and
d cannot be neglected. The following terms will ba

reducing object to a dot at its center. But
need to consider an extended object
shape do make a difference an
used in our study of rotational dynamics

in this chapter, Auxis of Axis of
rotation

Rigid objects: rotation

Rigid objects are objects of
fixed form that do not distort or defarm
(change shape) as they move. The study
of rotational dynamics becomes easier if
we consider the objects to be rigid.

Axis of Rotation: .

For rotational motion we have to | ;
consider an axis of rotation. Axis of
rotation is a line about which rotation takes place. This line remain stationary
during rotational motion of the extended object, while the other points of the
body move in circles about this line, it may be a pivot, hinges or any other support.
44" CENTEROFMASS s

An extended rigid body is made of large number of small interconnected
particles. The masses of all particles together make the mass of the body. The
center of mass of the body is the point about which mass is equally distributed
inall directions. « U

In force diagrams we have seen that extended object (that is, an object
that has size) forces can be shown by reducing object to a dot at its center. The
most suitable location of this point is center of mass.

Observations indicate that even if an object rotates, or several parts of a
system of objects move relative to one another, there is one point that moves in
the same path that a particle would move if subjected to the same net force. This

point is called the center of mass (abbreviated CM). The general motion of an -

extended object (or system of abjects) can be considered as the sum of the

unit - 4
ranslational motion of the CM, plus rotational, vibrational, or other types of

motionabout the CM.
MOTION OF BASEBALL'BAT

(a) A () Bl

= iy

As an example, consider the motion of the center of mass of the base ball bat thrown in
Fig. 4.8 2; the CM follows a parabolic path even when the base ball bat rotates, as shown
in Fig. 4.8 b. Other points in the rotating base ball bat follow more complicated paths. |

The center of mass is the point at which we can imagine all the mass of an
object to be concentrated. Thus, the center of mass is also the point at which we
can imagine the force of gravity acting on the entire object to be acting. If we can
imagine all of the mass to be concentrated at this point when calculating the force
due to gravity, itis legitimate to call this point the center of gravity, a term that
can often be used interchangeably with center of mass.

The point where whole weight of the body appear to act is called center
of gravity, In most physics problems, one of the forces acting on the body is its
weight. The weight doesn’t act at a single point; it is distributed over the entire
body. But we can always assume that the entire force of gravity (weight) is
concentrated at a point called the center of gravity (abbreviated ‘'CG’).

Difference between Center of Gravity (CG) and Center of Mass (CM):

The acceleration due to gravity decreases with altitude; but for small
objects this variation is negligible, the body’s center of gravity is for most of the
time same as its center of mass.




Unit - 4

. - i sects with
Center of Gravity (CG) and Center of Mass (CM) for symmetric 0s)

uniform density:
The center of gravity of a homogeneous (having

sphere, cube, circular disk, or rectangular plate is at i ; v A
center of gravity of a right circular cylinder or cone s on the axis of symmetr:

same density throughout)
ts geometric center. The

Unit - 4
outside the distribution of mass. For example Banana in the figure 4.11 a has
center of gravity outside the mass distribution. Also the center of mass may
change its location depending upon the orientation of the object. If parts of an
object change position relative to each other the location of CM/CG will change.
For example, leg shown in figure 4.11(b). When leg is starched the mass is inside
the body, but when the leg is bent the change in mass distribution changes CM/CG

and is shifted outside the bady.
ESPRTY) | CENTER OF MASS OUTSIDE MASS DISTRIBLITION

(a) (b) (c) (d) .
spection and located at the center of

Center of mass/gravity (CM/CG) is obyious by in
symmetric object

} POINT TO PONDER -

nth

\The figures show a high jumper
using different techniques to get
| over the crossbar. Which technique

Center of Gravity (CG) and Center of Mass (CM) for irregular objects:

As the centre of mass of a uniform wooden rod is at its mid-point, but when
massive metal is attached to light wooden rod, the CM/CG is now non-uniform and
we can find CM/CG by hanging this object from various locations.

(bl [l
A sledgehammer has a massive metal
head attached to a much lighter
wooden handle. Which locationismost | | \qi1d allow the jumper to clear the

likely to be the sledgehammer’s | |
L'Centerof mass? :Lhighest Sl‘-'tﬁng, of the bar? D

i)
-

To find the tension in the strings by balancing a metre rod on the stands.

® :'o find the weight of an unknown object by using vector addition of
orces.

One way to determine the balance point of a three-dimensional object (such as bicycle).
is to hang it randomly from at least three different points, as shown in Figure. The point
of intersection of all three plumb lines is the bicycle's centre of gravity. This point is als.a.;

the object’s centre of mass.
The CM/CG may or may not lie inside the mass, some times th

e CM/CG is
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41510 TORQUE ORMOMENT OF FORCE

ed to produce rotation in an object, for example in opening

r or wrench. Turning effect produced ina
lied force is called torque or moment of
“torque,” while engineers usually use:

Force can be us
a door or tightening a nut with spanne!
body about a fixed point due to app
force. Physicists usually use the term

“moment”.
Torque is the cause of changes inro

: ranslational - :
which causes changes in tran m DOOR PHYSICS

tational motion and is similar to force,

motion. This means that torgue play the
same role in rotation as force in '
translation. C:‘:"—

Quantitatively Torque = force
applied x perpendicular distance from
the axis of rotation. This perpendicular
distance from the axis of rotation to the
line of action of force is called moment

arm (or leverarm) ‘d’.

Thus torque ‘v’ will be the product of
pmentarm ‘d’.

axis of §
rotation

applied force ‘F' andm
c=Fxd — (D
The Sl unit of torque is “newton v s 2
metre” (Nm). -
For example, to open the door a PERSPECTIVE VIEW i
axis of

force ‘F' is applied at perpendicular
distance ‘d’ from the axis of rotation as rotation
shown in the figure 4.12. Increasing the d F

applied force ‘F’ or the moment arm ‘d’
increases the torgue ‘T, Reducing b

applied force ‘F' gr moment arm ‘d’
t' For example if we

apply more force we will forcefully produce rotati
the same distance from the axis of rotation will produce less torqu

we move away from the hinges (where there is axis of rotation) mo

TOP VIEW

onin the doorand small force at
. Similarly as

ment arm ‘d’

decreases torque

. 1apo physic IX DATES3.2018 AJ COLORSCAN SET 8-A

increases and torque also increases for same ied

| - applied force. Furthermore, if there
is no force no torque will be produced, similarly a force applied at the pi:.rnt point
will cause no torque since the moment arm would be zero (d = 0)

However force is not always appli ;
pplied perpend in this situati
e extl.erld e oo S R o ok appu::;pap- airf:l:arltt ::ethm situation \:ve,
as perpendicular distance from the axis of rotation to the line of aclt‘;:nT :: ft i
arce.

IEEETXREE) VOMENT ARM

a
b
Axis of : Axis of Force
rotation rotation

: Line of action
+ of force

: Line of action
" of force

d
Moment arm

: pena nl-lt Shﬂm
[ { } the tor que i.s p|Dd|.lCEd. HDWEUEI if we Cﬂllﬁ'Fll.[etD a'ppl‘y thesa.rﬂefﬂrce
¥ ]

| >
L definition of moment arm will reduce it in magnitude and torque will decrease

Moment arm is ke
y to the operation of
pulley, gear, and many other simple machines. -
T
S hire are two senses of rotation. If the force is
= of rotating the body in clockwise direction, the
rque is known as clockwise torque. ’
e a?:!ﬁlariy, t!'le f-:_:rf:e is capable of producing rotation
; i-clockwise direction, the torque is known as anti-
Clockwise torque.
Conventionally, clockwi
Y A se torque is taken as negative
anticlockwise torque is taken as positive. i R
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a door. However the arms are.

55 N} is apP“ed to

In Figure a force (magnitude ]
| diffe?-ent in the three parts of the drawing: (a) d,=0- 80m, (b) d,=0.60m, and {E
d.=0m. Findthe torque in case. |
f : line of action E line of action E -
of force of force r
5 H xis O axis of li
rz’:':tg’ i rntatfnn 'a rntar.mn "i:;oarﬂgun
Om
d, =0.8 m ____ F
C

REQUIRED

(a) torque T, =1
(b) torque T, =7
(¢) torque T, =7

Force F=55N
Moment arm d, = 0.80 m
Moment arm d, = 0.60 m
Moment arm d, = 0.00 m
in each case the lever arm is the perpendicul

rotation and the line of action of the force.
the equation 4.7 can be written as

ar distance between the axis of

(a) Using the definition of torque,
Ta=Fx d,

putting values 1, =55 N=0.80m
therefore T, =4Nm AT
(b) Using the definition of torque, the equation 4.7 can be written as
1y =Fxdy -
putting values 8~ 55 Nx 0.60m
therefore 15 =33Nm TAnswer
( c) Using the definition of torque, the equation 4.7 can be written as
1 =Fxdg
putting values  Tc = 55 Nx0.00m
therefore 1 =0Nm Answer
even

Because the lever arm is different in ea

* couple is zero. but, the resultant of a couple is

though the magnitude of the applied force is the same. In parts a and b the
torques are positive, since the forces tend to produce a counter clockwis

rotation of the door. In part c the line of action of passes through the axi ¢
rotation (the hinge). Hence, the lever arm is zero, and the tlczquuueg is ze‘i:ms o

FORCEON BOTTLE OPENER

Assignment 4.3

20 Nm torque is required to open a soda bottle. A boy
witha hottle opener apply a force perpendicularly at 0.1
m, what is the magnitude of force required.

4767 \COUPLE

. A special case of moments is a couple,
Two equal and opposite parallel forces acting
along different lines on a body constitute a
couple. It does not produce any translation
but only rotation. The resultant force of .-_:.

not zero; it is a pure mement. The shortest
distance between two couple forces is called
couple arm.

Ex | - 4
i tzT“p:leS:;E crc:::li;ls srlmwn in the figure, also the forces that two hands
eel are often a couple. Each h
= and the wh
; ;n:s 02 opposite sides of the shaft, When they apply a fnrt;!: ﬁat:zs e
gnitude yet opposite in direction the wheel rotates. e

RETEREY Couple Acting On Book

Lines of action
, of force

Lines of action Lines of action

of force

F
a:;mmple apply forces on this physin:stembookwiﬂu'nwﬁn!ersm that the line of
.action is different. Numaﬂerhmyauapplvthesefomﬂhebmkwﬂlmm
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Similarly in our day-to-
day life, we come across many
objects which work on the
principle of couple. For example
Exerting force on bycycle
pedals, winding up the spring of
a toy car, opening and closing
the cap of a bottle and turning of
awatertap etc. - !

L

4.7, EQUILIBRIUM 2
at forces tend to cause either translational or rotational

We know th ‘ _
motion, depending on the direction and position of the force applied with respect
one specific effect of an

to the centre of mass. Now we turn our attention to ;
tion of force: static equilibrium. To achieve true static equilibrium, two

applica
conditions must be met. First, to avoid translation (moving from place to place},

the net force directed through the centre of mass of the object must be zero,
Second, to avoid rotation, the net torque on the object must also be zero. The

study of objects in equilibrium is called ST: ATICS. Equilirium is defined as
“The state of a body in which under the action of several forces acting together
there is no change in translational motion as well as rotational motion is called

equilibrium”.
Therefore for complete equilibrium two conditions must be met.

e

A) First Condition of Equilibrium!
When the vector sum of all the
forces acting on the body is ZERO then the |
first condition of equilibrium is satisfied.
Mathematically if F.. is the sum of forces F,,

ﬁ, .7-",, ....,F",theu ' 4
Z == i X
Foog =F+F+F+.cc.. +F, =0
i=n _

B

J=1
nis

For an object to satisfy the first condition of equilibrium the conditio
OR SALE Pege 116

P

that force polygon must close. Mathematically if F., is the sum of forces F,, F,
F.&F; by héad to tail rule it must be ZERO as shown in figure 4.15.
B) Second Condition of equilibrium:

When the vector sum of all the Torques acting on the body is ZERO then the

9— second condition of equilibrium is satisfied. If T, isthe sum of torquest,, T, T,, ....

, T, then mathematically
i’MI=1-'-+‘:-1+€]+ ...... +'E:1=0

I=
o fm=pn-0 —EE)

I=1
For complete equilibrium both the first and second conditions of
equilibrium must be satisfied. Consider the following example in which a wheel is

acted upon by forces.

g "f]fm PRINCIPLE OF MOMENTS
fs
v Second condition of equilibrium can also be stated as the principle of

AL
E &

e

: {. . moments, which states that
3 b
. \L‘ﬂﬂ ‘For an object in equilibrium, the sum of the clockwise moments taken
\l\, ,’f about the pivot must be equal to the sum of anti-clockwise moments taken
| about the same pivot’.To balance torques or moment of force, apart from force
the perpendicular distance from the axis of rotation also play the key role.
For example, if we suspend weight of 3 N at 0.2 m from the pivot, it
exerts the same torque as 1 N weight at 0.6 m from the fulcrum. A uniform

meter stick will balance on pivotu der,
. RIS Principal Of Moments

== (W, xd)
T,=- (1 N=0.6 m)
T, =- 0.6 Nm

LT, =W, 2 d,
T,=3N=0.2m
T, = 0.6 Nm
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these conditions as shown in the figure 4.16. In the figure 4,16 anticlockwise
torques are taken as negative, which leads to second condition of equilibrium that
the sum of both these torques must be zero.
T, +T,=0.6 Nm- 0.6 Nm
H+L= 0 Nm .
Similarly three or more torques around a pivot (as axis of rotation) can also
balance each other. For example in figure 4.17, there is only one anticlock wise
moment about the turning point, but two clockwise moments add up to balance it.

' i‘-'rihi:jp_a!'ﬁ?ih\oméﬁtﬁ

W,=5N
T

T, =W, xd, T, =- (Wyxdy) T, =- (W, xdy)
T,=20Nx2m 1,=- (20N % 1m) ,=-(5%=x4m)
T, =40 Nm T, =- 20 Nm T, = - 20 Nm
Anticlockwise moment CONCEPTTEST.
T, = 40 Nm Which force of equal magnitude will
produce larger torque?

Clockwise moment

T2+T1='20Nm-2DNm=-4a_Nm m
For second condition of equilibrium axis of

rotation F F.* F
to be satisfied the sum of all these torques ! : :

must be zero. m
ix " _an axis of /:.' F. D
T+t T 40 Nm - 20 Nm - 20 Nm cababion - 3
=0 Nm ’ :

Two Children Romiasa and Sanaan are sitting
on a seesaw, The see-saw is balanced on a
& pivotasnnmiasa isat1 mand Sanaanat1.5m

from the pivet (as shown in figure). If #
Romiasaweight is 600 N, what is the weight of
Sanaan? : W, = 600 N Wy=1

GIVEM: ) REQUIRED:
Romaisa's Weight W, = 600 N
Romaisa's Momentarm =d,=1m
Sanaan's Moment arm = d, = 1.5 m

Here Romaisa is producing anticlockwise torque, while Sanaan is producing
clockwise torque, Therefor by second condition of equilibrium

1p-Ts=0
As the see-saw is balanced, therefore we can write second condition of

equilirium as principle of moments “The Sum of the clockwise moments = sum
of the anticlockwise moments

Sanaan’s Weight W, =1

Tr =Tg
or ngn =Wsds

EXTENSION EXERCISE 4.2

dividing both sidesby d,  Ws= Wud dg |
5
im
putting values W= E‘m:";
therefore W, = 400N

Hence the weight of Sanaan is 400 M.

Assignm

With a beam two masses m, and m; are
suspended at distance 0.4 m and 0.5 m
respectively from suspension point as shown in
the figure. |gnoring the weight of the balance, if - ¥
m, = 1.6 kg, what is the massmZ m,=7kg m, =16




Types of Equilibrium:

The effect of force is to prod
of torque is to produce change in
divided into two types.

i uilibrium:
A) f::::: :ady is at rest under the action of seve_'ml j'l:'!'.ces ac::{:,gr E:,ﬂ:z:
and several torques acting the body is saf:d to !l:e in s.ta:;:: :_1:: :,t g a_f o
example a book resting on the table is in static equilibrium, the weig g
book is balanced by a normal reaction force from the table surface.

B) Dynamic equilibrium:
m velocity under the action of several

When a body is moving at unifor ; e
forces acting together the body is said to be in dynamic equilibrium. It is further

divided in to two types as shown in figure 4.18.
e e e T e G
Figure 4,18 J0 T el S e

ranslational motion and effect
tion, Thus the equilibrium is

uce change int
rotational mo

I) Dynamic Translational Equilibrium: Il) Dynamic Rotational Equilibrium:

When a body is moving with uniform
linear velocity the body is said to be in
dynamic translational equilibrium. For
example a paratrooper falling down with
constant velocity is in dynamic
translational equilibrium

When a body is moving with uniform
rotation the body is said to be in dynamic
rotational equilibrium. For example a
compact disk (CD) rotating in CD Player
with constant angular velocity is in
dynamic rotational equilibrium.

wedge.

= To find the weight of an unknown object by using principle of

moments.

=

Unit - 4

480 STABILITY i .
stability is a measure of how hard it is to displace an object or syste

from EQUILIBRIUM. The conditions of equilibrium does na.t specify wtlethirt::
object is stable or not. The stable object does not topple easily. The position o Bl
centre of mass of a body affects whether or not it tn!:nples over easily. This is
important in the design of such things as tall vehicles (which tend to averturn when
rounding a corner), racingcars, reading lamps and even drinking glasses.

Three cases are studied in statics. They differ in the effect on the

center of mass of asmall displacement.

Figure 4,19 J=l1l18Y T

a Stable b Unstable

CM/CG

a) Stable equilibrium: .

) A body is in stable equilibrium if when slightly displaced and then release
it returns to its previous position. As an example the cone in position a is stable
shown in figure 4.19 a. Its centre of mass rises when it is displaced. It regain
position back because its weight has a moment about the point of contact that ac
toreduce the displacement.

b)  Unstable equilibrium:

Abody is in unstable equilibrium if it moves further away from its previo

' position when slightly displaced and released. As an example the cone in positior

is unstable as shown in figure 4.19 b.
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Its centre of mass falls when it .
which increases the displacement. Figure 4.20 8

is displaced, pecause there is a moment

Etability

c) Meutral equilibrium:
A body is in neutral equilibrium if it
stays in its new position when displaced. As
an example the cone in position B is neutral
as shown in figure 4.19 c. Its centre of mass
does not rise or fall because theré is no |
moment to increase or decrease the
displacement.

Similar demonstration for three
cases of stability can be done by displacinga
ball in a round bowl, as shewn in figure 4.20.
In each case tink about what will happen

point of

contact

point of
contact

when the ball s displaced slightly? ‘:’ | \!

An abject's stabilityis improved by: —

(a)  loweringthe center of mass; or VL ; 22;’};2{
(b) increasing the area of support; or weight

{c) by both.
STINGIIR

The CG/CMof race cars is kept low and || The base of long glass and reading
tyres wide to decrease the chances for || lamps is made heavy to lower CG/CM
overturning of the car. and large to increase area of support
and thus to increase stability.

Equilibrium is stable as long as the
vertical line from the centre of mass remains
inside the area of the base of the body. If a
disruption moves the vertical line from the
centre of mass outside of the base, then the
equilibrium is unstable. Neutral equilibrium
exists when any disruptive force acts
horizontally but the vertical height of the
centre of mass remains unchanged. Taller
people are generally less stable than shorter
people because their higher centre of mass can _ -

be more easily pushed outside base of the To stay balanced while walking
structure, sometimes called the footprint. the tightrope, this acrabat must
Some toys are more stable, then they look as keep her center of mass directly

: . . above the rope. If the center of
they right by themselves if they are disturbed. s e A ity
By making centre of mass VErticaﬂy will exert a torque on the

below the point of support makes state of the | acrobat, tending to cause a
object a stable equilibrium. This mechanism is | rotation about the rope and she
employed in various toys and equipments that | willfall. ]

restore themselves up when disturbed, few | To stay balanced, the acrobat
examples as pictures are shown. must create a counter-torque
having equal magnitude and
opposite sign. That is why
tightrope walkers carry a long
pole. Because the torque due to
a force is the product of the
magnitude of the force and the
moment arm, the gravitational
forces on the ends of the pole
exert significant torques. Thus,
the acrobat controls the net
| torque acting on her center of
gravity by manipulating the
pole. Also, the acrobat holds the
pole low, moving her center of
{gmﬁtycloﬁer to the rope.

TID-BITS
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This is an experiment &
sidaways. How do you move
bus accelerates and dec
to readjust the distribution @
it easier and safer
(and those around you), M2
this activity!

to stand fac

Twio workers are carrying a long,
a larger force on the object? How can you tell?

RIDE A'BUS

ta
perform while 3 ust the distribution of your mass as the
your body to peat forward. How do you move your body

elerates
f your mass a5 the bus

ke sure you are

nabusora train, Stand facing

nding 1

2 Mow stand facing accelerates and decelerates? Why is

han forward? Nate: For your safety

rt
ing sideways rathe mething while you carry out

holding onto 50

7

heavy steel beam (Fig). Which one is exerting

center of Mass: The center of mass of the body is the point about which

M. mass is equally distributed in all directions.

centre of Gravity: The centre of gravity is defined as a single point where
the whale weight of an object appears to act.

Couple: A couple consists of two forces that are equal in magnitude, but
oppo,-;itein direction.

Equilibrium: When a number of forces are simultaneously acting on a body
and the body does not change its state of rest or of uniform motion, then
the body is said to be in a state of equilibrium,

stability: The stability of an object refers to the ability of the object to
return to its original position when the force that changed its orientation is
removed.

parallel Forces: The directions of forces are parallel to each other if they
are in opposite direction, those forcesare called parallel forces. If they are
of same direction then they are called “like parallel forces” and if they are
in the oppasite direction they will be known as “Unlike parallel forces.
Addition of Vectors: Addition of vectors means the combination of two or
mare than two vectors to get a single vector.
Resolution of Vector: The process of splitting one vector by two or more
than two vector components are called the resolution of vector.
Moment of a force or Torque: The measure of an object tendency to rotate
about some point O is called torque or moment of force.
Moment of a force = force x perpendicular distance of the force to the
pivot point. i
The Sl unit of the moment of a force is Nm.
Principle of moments: The principle of moments states that for an object
in equilibrium, the sum of the clockwise moments taken about the pivot
must be equal to the sum of the anti-clockwise moments taken about the

same pivot.

\GROUP = A

AUTOMOBILE ENGINES: Automobile engines are rated by the torque that
they produce. Research and explain why torque is an important quantity to
measure for automobile.

BICYCLES TORQUES: Research different types of bicycles, describe
exactly which measurements you would need to make in order to identify
the torques at work during a ride on a specific bicycle. Suggest a
considerations torque efficient design of bicycle ride. If possible design
and construct a torque efficient bicycle model.

\GROUP=C

SIMPLE MACHINES: Write a publication essay for school library on simple
machines and explain how these machines use the principle of moments.
Make a chart for display in the school laboratory.

GROUP - D

SELF RESTORE MECHANISM: Research different self restore mechanisms to
design and build a toy from (e.g. trash toys in your home) that restore itself

afteritis displaced

SEE SAW AS WEIGHING MACHINE: Make a see saw as weighing device from
plank (wooden or any easily available thing) and discuss its limitations and

donate it to the physics lab.
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CONCEPTUAL QUESTIONS
Give a brief response to the following questions.
@ Can the rectangular component of the vector be greater than the vector

jtself? Explain.
@ Explain why door handles are not put near hinges?

@ Cana small force ever exert a greater torque than a larger force? Explain.

i clock wise torque is taken as

© conventionallyant
W ) negative B. positive G iR
oo requires aminimum torque of 80 Nm inorder to openit. What is the
2] ,q_ ;:1 i the handle from the hinges, if the door is to pe @ Why it is better to use a long spanner rather than a short one to loosen a
;:.:Iled with a force at the handle not greater than 100N? 3 _ rustynut?
oo 8. 0 C. 0.4m D.0.8m @ The gravitational force acting on a satellite is always directed towards the
- " T‘;a Y i - ced on opposite sides of a seesaw. If one child leans i centre of the earth. Does this force exert torque on satellite?
! inward toward the pivot point, her side will @ Canwe have situations in which an abject is not in equilibrium, even though
A e B. fall the net force on it is zero? Give two examples.
D. neither rise nor fall @ Why do tightrope walkers carry a long, narrow rod?
@ Why does wearing high-heeled shoes sometimes cause lower back pain?

@ Why isit more difficult to lean backwards. Explain?

¢. insufficient data
) Can a single force applied to a body change both its translational and

€) Abodyin equilibrium must not be
D. accelerating

A atrest  B. moving C. rotating
(5)| @ Thetorquein uniformly rotating fan having blade of length 0.5m s
it . GsNm BN C. -0.5Nm D. ONm rotational motion? Explain.
© A force of 100N s applied perpen dicularly at 0.5 m, to turn nut of wheel @ wo f-:_prces prudu-::.e the same torque. Does it follow that they have the same
magnitude? Explain.e. Describe the path of the brick after you suddenly let
goof the rope.

of a bus. The torque acting onnut is
B. 50Nm C. 5Nm D. 0.005 Nm !
COMPREHENSIVE QUESTIONS

A, 500Nm
' @ Theshortest distance between two couple forcesis
A. momentarm B. couplearm Give an extended response to the following questions.
C. radius D. double moment @ What are force diagrams? Define like and unlike parallel forces with
@ Agirl pushes to open a door perpendicularly with a force of 25 Nat 0.6m example.

from the hinge, the torque is @ Explain the addition of forces, in connection with head to tail rule.

D. ONm @ Define moment of a force. Give its mathematical description and elaborate
the factors on which it depends?

. A, 41.6Nm B. 25.6Nm C. 15Nm
| @ The angle at which xand y components of force are equal is
i i o & @ What is resolution of forces? Explain with an example how forces can be
resolved into rectangular components.
® whatis cou ple? explain with examples.

{@ cMis different from CG, When we have nonuniform
B. mass of object

1
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A. shapeof object
C. gravitational force D. noneof these
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__unit- 4 Tng ffeckof Pty

its types and state the two conditions of

(3 Define equilibrium. Explain
equilibrium.

& State and explain principle of moments with exampiE-S-

© What is center of mass or center of garvity. Explain how CM/CG can be
datermined? Is there any difference between CM and CG?

) Explain the stability of the objects with reference to position of center of

mass. oyl

CAL'QUESTIONS. =

D To open a door force of 15N i
horizontal and vertical components of force.

@ Abolt on a car engine needs to be tightened with a torque of 40 Nm. You use
a 25-cm-long wrench and pull on the end of the wrench perpendicularly,
How much force do you have to exert?

& Sana, whose mass is 43 kg, sits 1.8 m from the center of a seesaw. Faiz,
whose mass is 52 kg, wants to balance Sana. How far from the center of the

seesaw should Faiz sit?

¢ Two kids of weighing 300 Nand 350 Nare sitting at the ends of 6 m long see-

" saw. The seesaw is pivoted at its centre. Where would a third kid sit so that

the see-saw is in equilibrium in the horizontal position? The weight of third
kid is 250 N. (lgnore the weight of see-saw)

& Two children push on opposite sides of a door during play. Both push
horizontally and perpendicular to the door. One child pushes with a force of
20 N at a distance of 0.60 m from the hinges, and the second child pushes at
a distance of 0.50 m. What force must the second child exert to keep the
door from moving? Assume friction is negligible.

i@ A construction crane lifts building material of mass 1500 kg by moving its

crane arm, calculate moment of force when moment arm is 20 m. After

lifting the crane arm, which reduces moment arm to 12 m calculate

moment.

—_—7

NUMERI

s applied at 30° to the horizontal, find the

WEB -.ti_h'J;i:—
http://vwww.learneasy.info/ MDME/MEMmods/MEM30005A/ add_forces/add_forces.html
https://courses.lumenlearning.com/boundless-physics/chapter/center-of-mass/
http:/ fwww.cyberphysics.co.uk/topics/forces/stability. htm
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The Earth and the Moon

orbit around each other
b=
bR

and are kepl together |

their gravitational

interachion
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— /| GRAVITATION
After studying this unit you should be able to:
v state Mewton's law of gravitation.
¥ explain that the gravitational forces are consistent with Newton's third law.
¢ | ¥ explain gravitational field as an example of field of force.
define weight (as the force onan object due to a gravitational field. )
= v calculate the mass of earth by using law of gravitation.
' ¥ solveproblems using Newton's law of gravitation.
explain that value of ‘g’ decreases with altitude from the surface of earth.
discuss the importance of Newton’s law of gravitation in understanding the
¥ motion of satellites,

T oy
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Unit -
w2 in physics, from

tury to stephen
milestone in

ways been'a central theme
fall in the s_eventeemh cen :
rs. Perhaps the grandes
gravital.ion.

The study of gravity has al
Galileo's early experiments on freé
Hawking's work on black holes in recent yea

this endeaver, was the discovery by Newton of the law for . andbilions o
Our Milky Way galaxy isa disk-shaped collection :;f;:;ll rid;xf ol 160k
stars, including our Sun and solar system. Image shows

! i i e of the disk of the galaxy,
S Ve .0 Sl central bulge. our galaxy is a

out 26,000 light-years (2.5 x 10° m) from its
:nl:.'mbezf ;f the Lguca!l'l{}rou; of galaxies, which includes the Andromeda galaxyata
distance of 2.5 = 10 light-years. > "
The force that binds together these progressively larger structu(r:‘es. .ruri\:
moon all the way to galaxy clusters is known as the gravitational force. pviCy 3
action-at-a-distance force which acts even when the interacting objects are notin
physical contact. This force not only holds us on Earth but also reacth Dl_lt across
intergalactic space and acts between galaxies. This forceis our focus in this unit.

LAW.OF UNIVERSAL GRAVITATICN
ction between different bodies in the

aw of universal gravitation; which is

Newton expressed the force of attra
universe in the form of a law known as the L
stated as follows

‘Every body in the universe attracts every other body with a force
which is directly proportional to the product of their masses and inversely

proportional to the square of the distance between their centres’.

Consider two spherical bodies of masses ‘m,’ and ‘m,’” separated by
distance ‘r' as shown in figure 5.1.
By definition of Newton's law of universal gravitation, the force of

gravity F,is
,-:g o My % M, o Figure 5.1 UNWERSAL GRAVITATION

1
and Foo 3 —@ | Centre " i
Fy ﬂ:
m,

equation 2 we get

my M
Fg e z m,

r

combining equation 1 and
130
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To chani

mm;
Fy =G5+

Where G is constant of proportionality
he value of gravitational constant (as determine by experiment) G =

constant. T
6.67 x 10 ™ Nm’ kg®. It does not

depend on the medium (vacuum, air,
water, concrete etc.) between the
two bodies. The above formula isa
mathematical expressinh of
Newton's law of universal
gravitation.

Newton's Third Law of Motion and
Universal Gravitation: ?

We can see that the force
acting on mass m, due to mass m, is
F... Also the force acting on mass m,
due to mass m, is same force F,, both
these forces are equal but opposite
in direction. Therefore, we can say
that the forces acting on two bodies
due to gravitation force is the

example of action and reaction
forces.

fa=to — B

For example, Earth pulls on
the Moon and the Moon pulls on
Earth with a force of equal
magnitude. At Earth’s surface, Earth
pulls down an a 1.0 kg mass with a
force of magnitude 9.8 N, and the

ge sign of proportionality into equali

ty a constant is included

—&3

and is known as gravitational

ER) TORSION BALANCE

By

Light source |

Cavendish used an apparatus like this to
measure the gravitational attraction
between the two suspended spheres ( m )
and the two on the stand ( M ) by observing
the amount of torsion (twisting) created in
the fiber. Distance between the masses can
he varied to check the dependence of the
force on distance. Modern experiments of

this type continue to explore gravity.

] UNIVERSAL GRAVITATION
AND NEWTONR'S THIRD LAW OF MOTION




1.0 kg mass pulls upward on Earth with 2
force of magnitude 9.8 N. Fﬂrfe (N)
The gravitational force isan inverse- | = L

square force: it decreases by a factor of 4

when the distance increases by a factor of 2,

it decreases by a factor of 9 when the

distance increases by a factor of 3, and so Distance
on. Graph 5.1 is a plot of the magnitude of |% F T (m)
the gravitational force as a function of the %F = } >
distance. 0 SR I |

TRAGHANOTEERBERCONGRAVITATIGNALLY]

[_Examp[e 5.1 r_@&”ﬁ‘f FA : sizhmiag el
Suppose you have mass of 40 kg and a 45 kg person is sitting on a bench close to
you, such that the distance between centers of you and the person is 0.5 m.
Estimate the magnitude of the gravitational force you exert on that person.
5l GIVEN:

. J&y mass m, =40 kg REQUIRED:

(| massm, =45 kg Gravitational force F, = 7
U drsta_nce r=0.5m ’
|=| Gravitational Constant G = 6,673 x 10" Nm'kg*®

| By Newton's law of universal gravitation

1y My
F, =TT
5 rl

Fﬂ =6.67 x Iu—f‘l Nmzkg.z 4l.'.|kgx 45 kg
(0.5m)*

Fy =6.67 x10™" Nof! 1300 g’
& 0.25
therefore Fo=4.8%107 N Answer)

smtasl lme?ns we attract each other but a force of about 167 N is unnoticeably
jy smal t:;r!n ‘Ess E:_ttreme!y sensitive instruments are used, Even very large scale
| obj ike ships : dmg have all gravitational attraction.

Assignment 5.1
f

putting values

ar

The mass of earth is 6 x 10"k andtha-t P
PEtWE'En the earth and the mgonn is 3.82 E:T rf*TrT ?:;sfgu? a0 L. If the distance
:he earth on the moon, ¥ ate the force exerted by

and galaxies takes 5o long to
ually seeing these objects as

el U look up at the sky,

in the past. As we lOOK UP :
st apf:ﬁ:ﬁaok.lng back in time. For example, the
b fmi! ht takes almaost 8.5 minutes to travel to
b the Sun as it looked 8.5 minutes ago.

see
bk w:star to us, Proxima Centauri, is 4.2 light-
50 it appears as it was 4.2 years ago, The

rs
ht from distant sta
ight f hat we are act

The neares
| years away,
nearest gald.

looks as it di
ancestors walked the planet.

something is, the further back in time it appears.

xy is 2.5 million light-years away, and it
d when our australopithecus hominid
The farther away

F,=GToMe

7 @
g

We know that the force of gravity is
equal to the weight of the body.

Fs =W=mgyg ~—-@

comparing equation 1 and equation

Zweget
Mg = GmDTE
e
o 8=G-%
fe

2
re-arranging m, = 3¢

The determination of gravitational constant helped scientists to calculate
the mass of earth, sun and other celestial objects,

Let an object of mass ‘m,’ be placed on the surface of the Earth. The
distance between the center of the body and the earth is (nearly) equal to the
radius of earth 'r,". If the mass of earth is ‘m,’ then the force F, with which the

earth attracts the body towards its centre is given by law of gravitation.
Figure 5.4 EARTH

K FH

Object of
mass ‘m,’

G

for earth we have acceleration d
_ ue t
radius of Earthr, = 6,4 x 10° m. Putting these v

Since  Gravitational Constant G = 6.673 % 10" Nm'kg®

0 gravity g = 9.8 ms” (9.8 Nkg") and
alues in equation 5.3 we get
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Unit-5 & Gra

E_@___"S"{i.‘;’.‘i‘l-"l}—
Me = =g 67 x 10" Nm’ kg”*

9.8k~ x 4.1x10"
or mg = :

6.67 x 107" i’ kg

therefore  mg = 6%10>' kg

Thus the mass of earth fs a?p,rmc
know acceleration due to gravity ‘g’ an
calculate its mass. B

! Example 5 !&';*Eh ’}PJ’ J" TERSS S -ost

Radlus nf
Jupiteris the Iafgest planet in the snlarsystem
| | Jupiter isr,=7.15= 10" m, the acceleration due to gravity
EffJupfter is 24.7 N/kg. Calculate the mass of Jupiter.

pividing both sides by kg
N/kg = ms”
or Nkg'=ms’

imately 6 x 10" kg. This means that if we
d radius ‘r* of any planet or star we can

" REQUIRED:
Mass of Jupiter m,=?

3] GIVEN:
+ Radius of Jupiterr,=7.15x10'm

| Acceleration due to gravity at Jupiterg,=24.7 N/ kg
i) Gravitational Constant G = 6.673 x 10" Nm'kg”

)
i

The mass of a planet or star can be calculated by using equation 4.4

| 81
-uﬂ' m_; = GJ
o
" 247 N/kgx(2.15x107 m)’
A putting values = T 6.673 %107 Nmkg
ol
| - o < 247 Mg x5.11x10% g
| 77 6.673 %10 Niptkg?
| or m, =1.891x10"%""kg
J [T
| therefore m; =1.89x107kg —{LUNIEH
Thus the mass of Jupfter is about 300 times the mass of the earth

a—l

Assignment ent § 5.2 J '.L,

If the rad:us of the mnon is 1.74 = 10‘ m and have acceleratmn due to gravity on
its surface as 1.6 ms”. Calculate the mass of moon.

NOTFORSALE  Page 134

- nstant G= 6.67 * 1ﬂ"ﬂ m* kg?

iLZTl?:F’ EZLTI’ 64z 10
11 i |

planet us (km] Mass {10" kg] Drbita’l Period {yr)
Mercury 2,400 0.330 57 0.241
Venus 6,050 4.87 8.9 0.615
Earth 6,370 5.97 9.8 1
Mars 3,400 0.642 3.7 1.88
Jupiter 71,500 1890 24.7 1.9
Saturn 60,300 568 9.0 29.4
Uranus 25,600 86.8 8.7 83.8
Neptune 24,800 102 11.0 164
Sun 696,000 1,990,000 274 “a

573N GRAVITATIONAL FIECDS S

Gravity is a field force:

MNewton was not able to explain how
objects can exert forces on one another without
He developed a
mathematical theory to describe gravity, but he
did not had a physical explanation for how gravity
works. Scientists later developed a theory of
fields to explain how gravity and other forces

coming int

operate.

o contact.

INFORMATICON

We have eight planets in our Solar
System. However, outside of our
Salar System there are thousands

According to this theory, masses create a | of other planets. The extra-solar

ravitational fi planets or exo-planets are in
g | field in space. (Similarly, charged orbit around another star. So far

objects generate an electric field and magnets | we have almast 3500 confirmed

develop a magnetic field.) A gravitational force is | new worlds, with another 2000
awaiting confirmation.




ravitational Field

an interaction between a mass and the

gravitational field created by other masses.
At any point, Earth’s gravitational field":aﬂ
be described by the gravitational field
strength, abbreviated as g. The value of g’
is equal to the magnitude of the
gravitational force exerted ona unit mass at
that point,

or g=F/m.

The gravitational field (g) is a vector
with a magnitude of ‘g’ that points in the
direction of the gravitational force.
Gravitational field strength [f_ree-fall
acceleration) 'g"; E

Consider an object that is free to
accelerate and is acted on only by
gravitational force. According to Newton's
second law, a = F/m. As seen earlier, g is
defined as F,/m, where F, is gravitational
force. Thus, the value of 'g' at any given
point is equal to the acceleration due to
gravity. For this reason, g = 9.8 m/s’ on
Earth’s surface. Although gravitational field

g

QYK

Weaker F,

rd
( Stronger F,

—=

N
b

g

}4_ e

strength and free-fall acceleration are equivalent, they are not the same thing.
For instance, when you hang an object from a spring scale, you are measuring
gravitational field strength. Because the mass is at rest (in a frame of reference
fixed to Earth’s surface), there is no measurable acceleration,

Figure 5.5 shows gravitational field vectors at different points around Earth. As

shown in the figure, gravitational field strength rapidly decreases as the distance
from Earth increases, as you would expect from the inverse-square nature of

Newton's law of universal gravitation.
Weight changes with location:

In chapter 3 Dynamics, we learned that weight is the magnitude of the
force due to gravity, which equals mass times free-fall acceleration. We can now
refine our definition of weight as mass times gravitational field strength

136

e i efinition
two definitions are mathematically equwalent,- but our new d
o ht changes with our location in the universe.

explain why your weig
bapetae f universal gravitation shows that the value of g depends on

on's law 0
of:ﬁ\:;acting bodies and distance toit. e
For example, consider an object (e.g. LEnrA ball) of et g Pll::ectireen

of earth. Let m, be the mass of the earth and 1, is_the distance
:::?C:enteﬁ_ The gravitational force between the tennis ball and Earth is as

mass

follows:
, =G_"%£;’£ —© TID BITS
-

The gravitational field strength Fg by Mewton’s

second law is

Fp=W=mpg —@

comparing equation 1 and equation Z we get

m
5 ; The hottest planet is not the
mg closest planet to the Sun.
therefore 8= G'r—z Even though Mercury is the
E closest planet to the Sun, it is

not actually the hottest.

Inserting the known values of
Mercury does not have any

m=6x 10" kg atmosphere meaning that this
- 4 planet is only hotin the daytime
and re=6.4x10'm when it is directly facing the
alongwith G=6.67 10" Nmke?* Sun. At this stage temperatures
¥ 107 Nvkg” can rise to 425°C but at night
we find . the planet's temperature can
. e 2 6x10™ ke drop down to a freezing -
8=6.67 x10™"" Nm’kg? 6.4x10° m)? 180°C. Venus (shown in picture)
. is the hottest planet. Its thick
therefore g=9.77ms>2 clouds trap the Sun's heat
causing Yenus to be a sizzling

or 2=9.8ms>? 500°C all of the time!

Equation 5.4 shows that the value of ‘g’ does not depend upon the mass of

::: :::Its;.' This means that light and heavy bodies should fall towards the centre of
e with the same acceleration. This equation also shows that gravitational
strength depends only on mass of earth ‘m¢’ and radius of earth ‘r.’. As earth
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ains and trenches so our distance from
weight also varies. On the

weight, will depend on the

and there are mount
hange location, s0 our
as well as our

is not a perfect sphere,
Earth's center varies as we C
surface of any planet, the value of g,
planet’s mass and radius.

[ TechnoLoGY JIE 4
The varfation in the value of 'g" on Earth is used to detect
the presence of minerals and oil. Geophysicists use
sensitive instruments, called gravimeters, to detect small
variations in ‘g’ when they search for new deposits of ore
ar oil. Gold and silver deposits increase the value of ‘g";
while deposits of oil and natural gas decrease ‘g". Picture
is an example of a map that shows different measured
values of g as lines, where each line represents a specific value of g.

Example 5.3 f‘? iAol
What is the free-fall acceleration at the sul
= 10" kg and having radius of 6.96x 10°m.

F" GIVEN: REQUIRED:
Eg’ Radius of Sun r, = 6.96 x 10' m frocifall abteteration st
i1 Mass of Sun m, =1.99 x 10" kg Sung,=?

|| Gravitational Constant G = 6.67 x 10" Nm'kg*

VB

me
g = g —c=

g =6.67 x10"" Nm*kg* 1.99x10% kg

(6.96x10° m)?

therefore g=274ms™?

;..-;: Motice that the mass of the Sun is almost a million times more than the mass of
8 the II_f.arth, and having gravitational acceleration of about 30 times that of
| earth.

Assignment 5.3 i

An astronaut of mass 65.0 kg (weighing 637 N on earth) is walking on the surface
of the Moon, which has a mean radius of 1.74 x 10° m and a mass of 7.35 x 10" kg.
What is the weight of the astronaut on moon? What is the free-fall acceleration

at the surface of the moon?

|NFORMATION CHART |
This global model of the Earth’s gravitational
strength was constructed from a combinati.r.ln
of surface gravity measurements and satellite
tracking data. It shows how the acceleration of
ty varies from the value at an idealized =

gravi
weeq level” that takes into account the Earth's

non-spherical shape. (The Earth is. somewhat L
flattened at the poles—its radius is greatest at g
the equator.) Gravity is strongest in the red B
areasand weakest in the dark blue areas.

The value of ‘g’ at a given place depends
upon the distance from the centre of earth.
Greater the distance from the centre of the earth,
smaller will be the value of ‘g’. Equation 5.3 shows
that the value of ‘g’ varies inversely as the square
of distance. Let 'g.’ be the value of acceleration
due to garvity at a height ‘h’ from the surface of
the earth we can modify Equation 5.4 as .

8 =G Me —@
{rE+i‘:-F

equation 5.3 can also be written as Earth
m
e
Mg

or Gms -_—gré _g

] v
putting equation 2 in equation 1, we get 8, = _L‘(r g: h)‘l
E

Equation 5.6 shows that as we move away from the center of earth the
value of 'g’ decreases. The change in the value of g is significant only at very large

distances.
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4% 10’ m fromthe earth, what is the value of

Example 5.4 )AL

i 4.
Ameteoroid (a chunk of rock) is al:.
free fall acceleration ‘g’ at this point due toearth.

REQUIRED:
:ar:"iilﬁ'uf earthr, = 6.4 % 10°m free-fall acceleration at
Acceleration due to gravity g = 9.8 ms* heightg, =2

_' :;I height h = 4.4 x 100 m=44x10"m
The value of ‘g, at height h, can be calculated by using equation 5.5
g
4 (e +hY

- , 9.8ms? x (6.4 x10° m)*
| putting values g, ={6 4%10° m+ 44 % 10° m):

or g, = 9.8ms? x (6.4 x10° m)*
) = R 3 e
(50.4 x10° m) IEXTENSIONIEXERCISE 5! 1
9.8 ms? x4,1%10" l'lﬁ

& Confirm the value of ‘g’ for
&= 2.54 %107 rf* Jupiter given in Example
5.2, Using equation 5.5

therefore

_ ACCE[ERATION
Altitude (km) |a (m/s’) | Altitude Example '
e 6 likariai The magnitude of g on the
[ N Eastfasius moon's surface is about 1/6
[ 8.8 9.8 |Mt. Everest of the value of g on Earth’s
[36.6 9.7 | Highest manned balloon | | urface. Can you infer from
this relationship that the
J 400 8.7 |Space shuttle orbit moon's mas:r;: 1].-?6 of Earth’s
[ 35 700 0.2 | Communications satelllte— mass? Why or why not?
s e

Unit- 5
. MOTION OF ARTIEICIAL SATELLITES
ASatelliteisa naturally occurring or man-made objec

self by force of gravicy. :
body so large that center of mass is well

t that orbits another

object larger than it

A natural body orbiting another ! :
within the larger body is called natural satellites of that body. Six of the major

ets possess natural satellites often termed as moons.
Any object purposely placed into orbit of earth ar other planets, stars or
sun are termed as artificial satellites. First artificial satellites was launched in
1957, since then thousands have been sent for communication industry (internet,
phones, TV communication etc.), weather, military purposes and scientific

plan

mobile

study.
A satellite is put into orbit by moving it to high altitude and then

accelerating it to a sufficiently high tangential speed with the use of
rockets, as shown in Fig. 5.7. If the speed is too high, the spacecraft either
move in elliptical orbit or will not be confined by the Earth’s gravity and will
escape, never to return. If the speed is too low, it will fall back to Earth.

Satellites are typically put into
circular (or nearly circular)
orbits, because such orbits
require the least take off speed.
You may be wondering “What
keeps a satellite up?” The answer is:
its high speed. If a satellite in orbit
stopped moving, it would fall
directly to Earth. But at sufficient
speed a satellite would orbit in space |-, - -
around a larger body. % Speed adjusted
Speed in circular orbit calculation: ", sothat satellite
In circular orbit a satellite " travel in
has a constant tangential speed *,_E:l.rcular path_
called orbital velocity. Consider a Hi-g'l'l-;beed
satellite of mass m, revolving in a
c' = - .
ircular orbit with velacity v from earth of mass m,. Let r be the distance between

R0 SATELLITE MOTION




|
Unit - 5 ’
llite as shown in figure 5.8. Then the

the center of earth and the center of sate  vRationls
gravitational force by Newton's @W funiversatg

o
g —@
"
i circular orbi
Then centripetal force Lo keep satellite of mass M, peiiphis o

radius r with velocity 'v'is
2
Fe = _"35}. —

Then centripetal force is provided by gravi tational force therefore

FS =F ""__@

Putting values from equation 1 and equation 2 in equation 3, we get

mv® _ Grime
£ i
i =.€T..’.E.
or v 7

taking square root on both sides

G m; K
r &

°f "#ﬁ*mL ey o ol

Where his the height of satellite from surface of earth and r, is the radius of
earth. The equation 5.6 shows that orbital speed depends upon the mass of Earth

and the distance from the center of the Earth to the center of mass of the satellite
and does not depend upon the mass of satellite.

therefore V=

. Which means that for particular distance from the center of earth, all the
satellite should have the same orbital speed irrespective of the size of satellite.

¢ ypit-5

nary communications satellites are placed in a circular orbit that is 3.59

tatio ;
GI:;E ; - 35.9 x 10° m above the surface of the earth. Their orbital speed can be
" 3
calculated by equation 5.6as
' v oM

re+h
- J6.673%10" NrrPig? —2 x10* ke
putting values ¥es o (35.9+6.4)x10° m
therefore v=3.07x10"ms™
or v =3.07kms™

This equation can also be used to measure the velocity of any planet or
celestial object maving in a circular path.
| SPEED/OF EARTH AROUNDISUN'
The mass of the Sun is 1.99 x 10” kg, and the radius of the Earth’s orbit around the
Sunis 1.5%10" m. From this, calculate the orbital speed of the Earth.

GIVEN: REQUIRED:
Radiusr=1.5%10"m Orbital Speed v =17
Mass of Sun m, =1.99 x 10" kg '

‘Gravitational Constant G = 6.673 x 10" Nm'kg®

the orbital spéed is V= ’G mg
T

Z) ol = CE RO

putting values v = Je.m x10"! Nmikg? 129 X107 kg
il 1.5x10"m

therefore v=3.0x10" m/s = 30km/s —IREN
e QL ORBITAL SPEED OF A SATELLITE ~

If a satellite orbits the earth at 2,000 km above sea level, how fast must the
orbiting satellite travel to maintain a circular orbit?
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Unit-5 4 =
j he universe attracts every other
+ation: Every object in t :
t.a‘_"" of Gur? :':;::;nwhich is directly proportional to th::I _p:a:::thae: ;:Eir
ObJEC'; 1'::1-d inversely pmportlanal to the square of the dista en
masse

tres. .
11 n: The acceleration of bodies falling freely

itational acceleratio y i
:?Jr\:::':jastmeearth is called gravitational acceleration ‘g’. The value of ‘g

decreases as altitude increases. o
Artificial Satellite: The objects which are used for communication and

space research revolve round the Earth under the force of gravity, which

\,-:] provides the necessary centripetal force.
& Orbital Velacity: It is the velocity of a satellite which moves around the

[AI-'J Earth at a specific height. l
Fa# Er"'ﬂielf-_—'—lgﬂm =

i SUPARCO: What is SUPARCO? Research Pakistan Space Programi 2040 and
| | Develop a presentation on space prospects in Pakistan?

(£ TGROUPEBT: _ _

l-J Dream Space Visit: Research how do space scientists and engineers know
2 what kinds of science instruments (cameras, spectrometers, etc.) to put on
space craft that are destined for other planets, moons, asteroids, or comets?
How do they decide what they will want to measure once they get to, say,
Saturn’s moon Titan or Jupiter's moon Europa? Select a place for your visit,
then design a two day trip to that world, and describe the things you will

f:m carry with you. Write an essay and place it school library for reference.

| Pluto: In 2006 a new definition of planet was set and Pluto was demoted to
- dwarf planet, research the reason and presentitin chart.

W GRAUE G

7]

“._"':“k-'.’."'

Exira Soiar Planet: Explore the discovery of planets around other stars.
| What methods did the astronomers use? What measurements did they take?
Write a research article.

_ JiGroup=E "
{ S

! j Sky Observatian: Consult your instructor or other sources to find .uut what

[

planets are observable in the evening during the current month. Venus,

Jupiter, or Mars are usually the best candidates.

a. Locate the planet visually and observe it with binoculars if possible. How
does the planet differ in appearance from that of nearby stars?

b. Sketch the position of the planet relative to nearby stars for several
nights. How does this position change?

=

| @ Two masse: re separated by a distance r. If both masses are doubled, the
] force of inte action between the two masses changes by a factor

A2 B. 4 C. 1/2 D. 1/4
@ Theradiusof earthr, is
A, 9.8m B. 6.67x10"m €. 6x10"m D. 6.4x10°m
S| @ TheS.1. unit for gravitational constant “G” is
S A Nkg' B, Nmikg® C. Nm'kg’ . D. Nm’kg'

@] @ What is the mass on planet Mercury of an object that weighs 784 N on the
H earth's surface?
O A B0.0kg B, 118 C. 784kg  D. Moreinformation needed

| :
@ Ancbjectis orbiting a planet with orbital speed v, if the radius is same and

G i -
E mass isincreased 4 times, by what factor orbital speed will change

: A2 B. 4 C. 1/2 D. 1/4

3 ® Thevalueof ‘g’ at the surface of the moon is;

5| A 9.8ms® B, 1.63ms® C. 49ms*  D. 8.9ms?

3| @ Thevalue of ‘g’ with altitude

Il A increases B. decreases C. getsZERO D. remainsthe same

® When a body is moved from sea level to the top of a mountain, There is
change in the body's :

A. mass B. weight
© Thevalue of ‘g at equator is
A. Sameat poles
€. Smallerat poles

C. none D. both mass and weight

B. Largerat poles
D. none
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CONCEPTUALQUESTIONS
Give a brief response tothe following questions.

@ If there is an attractive force between all o.bjects.
ourselves gravitating toward nearby massive buildings?

@ Does the sun exert a larger force on the Earth than that exerted on the sun

by the Earth? Explain.

@ What is the importance of g
calculate? Y
@ if Earth somehow expanded to a larger radius, with no change in mass, how
would your weight be affected? How would it be affected if Earth instead

shrunk?

© What would happen to your weight on earth if
doubled, but its radius stayed the samel

@ why lighter and heavier objects fall at the same rate toward the earth?

@ The value of ‘g’ changes with location on earth, however we take same
value of ‘g’ as 9.8 ms” for ordinary calculations. Why?

@ Moon is attracted by the earth, why it does not fall on earth?
@ Why for same height larger and smaller satellites must have same orbital
speeds?

why don't we feel

ravitational constant ‘G'? Why is it difficult to

the mass of the earth

COMPREHENSIVE QUESTIONS 2
Give an extended response to the following questions.

@ State and explain the law of Universal Gravitation. Also show that the law
obeys Newton's third law of motion.

@ Determine the mass of Earth by applying law of gravitatian.

@ What is gravitational field and gravitational field strength? Show that the
weight of an object changes with location.

@ How is the value of ‘g’ changing by going to higher altitude? Write the
relevant formula. E

@ Derivethe formula for the orbital speed of an artificial satellite.

[

[

NUMERICAL QUESTIONS ;
@ Pluto’s moon Charon is unusually large considering Pluta’s size, giving them

s
the character of a double planet. Their masses are 1.25 % 10 kg, and 1.9 x
10" Iig. and their average distance from one anotheris 1.96 x 10" km. What

is the gravitational force between them?

@ The mass of Marsis 6.4 x 10" kg and having radius of 3.4 x 10" m. Calc
the gravitational field strength (g) on Mars surface.

@ Titan is the largest moon of Saturn and the only moon in the solar system
Kknown to have a substantial atmosphere. Find the acceleration due to
gravity on Titan's surface, given that its mass is 1.35 » 10" and its radius is.
2570 km.

@ At which altitude above Earth’s surface would the gravitational
accelerationbe 4.9 m/s?

@ Assume that a satellite orbits Earth 225 km above its surface. Given that
the mass of Earth is 6 x 10* kg and the radius of Earth is 6.4 = 10° m, what is
the satellite's arbital speed?

@ The distance from center of earth to center of moon is 3.8 x 10° m. Mass of
earthis 6 = 10™ kg. What is the orbital speed of moon?

@ The Hubble space telescope orbits Earth (m, = 6 x 10™ kg) with an orbital
speed of 7.6 * 10’ m/s. Calculate its altitude above Earth’s surface.

ulate

UWEBILINKS

http://suparco.gov.pk/webroot/index.asp
https:/ /www.nasa.gov/

http:/ fwww.ist.edu. pk/
https://www.space.com/
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Why Pole
vaulters
use sticks
that bends?

WOR

his unit you should be able to:

i '+ defineworkand itsS!unit.

k fu « calculate work done using equation: work = force x distance moved in the direction

:J"_?:' 1 of force .

E | v define energy, kinetic energy and potential energy. State unit of energy.

| = . prove that Kinetic Energy E, = % mv' and potential energy Ec.c = mgh and solve

problems using these equations.

| v list the different forms of energy with examples.

.,:-' « describe the processes by which energy is converted from one form to another with

reference to - fossil fuel energy - hydroelectric generation - solar energy - nuclear

¥ energy - geothermal energy - wind energy and biomass energy

1 v state mass energy equation E = mc’ and solve problems using it. ‘

i f'i v describe the process of electricity generation by drawing a black diagram of the
| process from fossil fuel input to electricity output.

|| ~list the environmental issues associated with power generat

| ‘;  differentiate energy sources as non renewable and renewa

- | examplesof each.

|~ explain by drawing energy flow diagrams through steady s

l - " 2 -
yh -.-.ﬁ Filament lamp, a power station, a vehicle traveling at a cons

i L -
EaY
L

ion.
ble energy sources with

tate systems such as
tant speed on a level

road. _
-.‘ v define efficiency of a working system and calculate the efficiency of a[n ;‘}iﬂ
conversion using the formula: efficiency = energy converted into the require
/ total energy input :

* ~define power and calculate power from the formula Power = work done / time taken
| v define the unit of power “watt” in SI and its conversion with horse power.

v Solve problems using mathematical relations learnt in this unit.
y

Mewton laws can be used to predict motion using forces and accelerations.
While dealing with Newton laws we freeze the action in particular instant of time,
and then we draw a free body diagram and set-out equations e.t.c. Work energy
allow us to predict motion by different technique - we just look at starting
conditions and final conditions to get all the required information ignoring what

happens in between.

The scientific definition of work differs in some ways from its everyday
meaning. Certain things we think of as hard work, such as writing an exam or

carrying a heavy load on level ground, a
work, in the scientific sense, to be done

re not work as defined by a scientist. For
, @ force must be exerted and there must

be motion or displacement in the direction of the force.

Work is said to be done when
a force displaces a body in its own
direction. When an object moves
distance's'in the direction of applied
force F, then work done W is given
mathematically as

w=F xs — {30

Unit of Work:
The 5l unit of work is joule

ﬂ
= =

(abbreviateds J,and named in hanor
of the 19th-century English physicist

TID BIT PLAY IS WORK?

James Prescott Joule). The unit of
work is the unit of force {newtan)
multiplied by the unit of distance

Who is doing more work? A boy playing and
running in school ground or a teacher sitting
on chair working on physics prablems.

{metre).
1 joule = (1 newton)(1 meter)
or 1J=1Nm

Work done is scalar quantity,
however force is vector quantity,
‘Sometime force is not perfectly
applied in the direction of motion.
For example consider the figure in
which a box is moving in horizontal




Unit - 6

direction and force F is applied making certain angle 8 with the horizontal. In such

situations the force is resolved into its rectangular components.
From the figure it is clear that the effective component of force, in the

direction of motion is Fcos &, Mathematically work done can be writtenas

W =FcosBx=5

Example 6.1 JIIAEN:

Aperson pulls a suitcase through the airportat 45° angle . The tension in the rope
is 20 N. How much work does the tension doif the suitcase is pulled 100 m?

5| GIVEN: REQUIRED:
o Tension = Force F= 20N Work W =17
W Distance= S=10m

Angle = 45°
By definition of workdone F=20N
¢ After
W =FcosO x5 45°

putting values

W = 20N cos45° x100m

ar W = 2000 Nm x 0.707

W =1400J _m

Because a person pulls the rope, we would say informally that the person
does 1400 J of work on the suit case.

TUG OF WAR

During a tug-of-war, team A pulls on team B by applying a force of 1 100 N to the
rope between them. The rope remains parallel to the ground. How much work
does team A do if they pull team B toward’s them a distance of 2.0m?

Assiﬁle;nt 6.1

6,2 ENERGYANDITS FORMS _
If we look at the world around us we can identify things that are capable of

doing work, that is, exerting a force to move an object.

. Aboy is kicking a ball. The boy exertsa force on the ball and the ball moves.
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The work done on the ball is transfer energy from boy to the ball.
. Astretched bow can shot an arrow due to energy stare in it. The energy is
the stretched sting is transferred to arrow.

So energy is defined as ‘Energy is the capacity of a body to dowork’.

Unit of energy:

The unit of energy is the same as that of work i.e. joule {abbreviated
J=Hm).

As you have learned, Grade 6, Chapter Energy and its forms, all forms of
energy (Heat, electrical, light and sound) can be classified as one of two types,
either as stored or potential energy or as maving or kinetic energy. The few energy
typesare givenintable 6.1.

The energy possessed by a body due te its mation is called Kinetic
energy.

When a cricket ball is thrown it maves, similarly a car starts moving when
pushed. Now Think that a cricket ball and acarare moving with same speed. Which
possess greater ability to do work? Of course it is the car with larger mass, itis
difficult to stop. Similarly now two cricket balls are approaching you with
different speeds, which can do more work? Again it is easy to answer as the ball
with greater speed is difficult to stop. Thus cbject mass and its speed are
contributing toits kinetic energy.

Mathematically Kinetic energy is one half the product of an object’s mass
‘m’ and the square of its velacity v,

Ex=3 mv*

TR I ))| DOES THE EARTH DO WORK ONTHE MOON?

The Moon revolves around the Earth in a nearly circular FooR

orbit, kept there by the gravitational force exerted by the . : =
Earth, This gravitational force provides it centripetal o ~
acceleration, inward along the radius of the Moon's orbit. F, M
The Maon's displacement at any moment is tangent to the ;

circle, perpendicular to the force of gravity F,. Hence the , —

angle between the force and the instantaneous ! @
displacement of the Moon is 907, and 1..he work Eione by \ b

gravity is therefore zero. (W=F Scos 90°= 0). Thisiswhy 3
the Moon, as well as artificial catellites, can stay inorbit 8, .
without expenditure of fuel: no work needs to be done g L
against the force of gravity.




Description f Example

I ]
| These bonds can take many differeny
| The energy contained within the| forms, including energy derived from

| bonds between atoms. | carbohydrates in food to energy stored fn
| 4_saﬁolinc,

: =
| Radiant energy from the Sun supplj
| Radiant energy travels as an [ with all of the energy requiregpme:ui?;:

Radf;
ant Energy ]l electromagnetic (light) wave. | tife

= i |
| The energy associated wfthl'
| charges.
!

Chemical Energy

Electrical Electrans moving from negatj
ical Energy positively charged objects, navelr to

Heat En Energy that travel from hot | Fire burning transfer the ener
ey body to cold body. | room warm. B 10 keep

] ]
| Energy as wave, as a sound wave |
| passes through, the atoms or| Sound vibrations cause a person's eardruy
| molecules of the substance| tovibrate, s
| vibrate back and forth.

Sound Energy

Nuclear Energy |Energy in the MNucleus of an| Nuclear power stations use nuclear energy
atom | to generate electric energy.

Like all energies kinetic '.i':

energy is also a scalar quantity. For- T
example, a 2.0-kg hammer head | The moving _;11 ¥
moving with a speed of 4.0 m/s has a g‘amqrer has
kineti inetic energy
icenergyof 16 J. and thus can
do work on the m=2.0-kg

Mathematical proof:
; : . . nail, driving it
Consider a situation in which | into the wail.

all of the work done on a cart
transfers only kinetic energy to the
cart. Consider a cart which is initially at rest. A horizontal force F is applied to it
comes it to move through a displacement ‘s’ and achieve a final volicty of v, = v as
shown in figure ?.4. :rhzs work done W Figure 6.4 )0k
appears as the kinetic energy K,. Such
that

W=Ex=Fxs—@

ly Newton's Second Law of motion

F =ma ——&D
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By third equation of motion

2as =v} v}
rearranging

v —vi

g 2a 9

putting equation 2 and 3 in equation 1

. B _
E, =mgx-L !
x = mglx 27

2 2

ViV
Z
15 the object started from rest

or  Ep=mx

therefore v,=0and v, = v

Magnetar: On December 27,
2004, astronomers observed the
greatest flash of light ever
recorded from outside the solar
system. It came from the highly
magnetic neutron star SGR 1806-
20 (a magnetar). During 0.20 s,
this star released as much
energy as our sun does in 250,000

\y_ears.

This equation shows the relation between the kinetic energy of a moving
object with its mass and velocity. Equally important, it demonstrate the work
kinetic energy theorem which states that the work done on an object s equal to

change in energy.
Example 6.2 EIHE SIS

kinetic energy. Find its velocity,

A 60.0-g bullet is fired from a gun with 3150 J of W = Bullet

GIVEN:
mass m = 60 g = 0.06 kg

Kinetic energy E,= 3150 J
The kinetic energy is given as

Ei= % mv?
rearranging

REQUIRED:
velocity v =1

EXTENSION EXERCISE 6.1
IIf a car of mass 800 kg is
| having same kinetic energy,
| what will be its speed?

_




Unit - 6
yare root on both sidesl

2E,
JE =) =
or Y=vm
putting values o
v=1%%%ﬂéﬁ=‘@ff_ as 1J=kem/sm

v=324m/s —BoEN

peed 324 m/s.

taking sqg!

therefore

The bullet is moving with s

ppermsmppreriPl) BULLET KINETIC ENERGY
s'. Calculate its kinetic energy,

] Abullet of mass 30g travels at aspeed of 400m
|

64 POTENTIALENERGY :
The energy possessed by a body by virtue

in a force field is called potential energy.
Consider the wark you do on your physics textbook when you lift it from the

floor and place it on the top shelf. You have done work on the textbook and yet it is
not speeding off (not gained E,). The work you did on your textbook is now stored in
the book by virtue of its position. By doing work against the force of gravity, you
have given your book a special form of potential energy called gravitational
potential energy. You will come to know about this if you release book from the top
shelf it will accelerate, gaining kinetic energy, thus gravitational potential energy
can be released and have ti-_.e a{:nilty ',:.'P;.:lte'nti:al Energy
to do useful work. Gravitational
potential energy is only one of =
several forms of potential energy.

of its position or configuration

|
|

For example, chemical !
potential energy is stored in the food |
|

you eat. Doing work on an elastic : o Shot
band by stretching it stores elastic | Vindingspring  Spring (Shock i
Y g stic {toys, watches) absorber)
—

potential energy in the elastic band

/

(springs, slingshot in figure 6.5 are examples of elastic [ Figure 6.6
potential energy). Abattery contains both chemical and :
electrical potential energy.

mathematically Gravitational potential energy is
the product of mass ‘m’, the acceleration due to gravity
rg’, and the change in height *h".

Ege = megh

Like all energies potential energy is also a scalar
quantity. For example if we lift a brick of mass 0.3 kg
from the groundto2m high the work is done against the
force of gravity, thiswork appearsas5.88 J of energy.

Mathematical proof:
consider an object of mass ‘m’ being lifted vertically by a force 'F’ to 'h' as

shown infigure 6.7. The work done by the force F is given by equation.

Since the force in this case is equal to its weight

—O

W=Ege=FxS

F=W-= mge
F v of Various Objects and Phenomena L3l
Object/phenomenon Energy in joules
Big Bang 104 J
Annual world energy use 410"
1 ke uranium 4= 10"
1 ton TNT 42x10'
1000-kg car at 90 km/h 3.1 % 10°
Tennis ball at 100 km/h 22
Single electron in TV Screen 4x10"
Energy to break one DNTM/J

s=h —©

Here the distance moved is the height ‘h'
’ 155




n 1, we get

putting equation 2 and 3 in equatio
Example 6.3 JIRlENEEIIIE !

The maximum height a typical human
does the gravitational potential energy

can jump is about 60 cm. By how much
increase for a 72-kg person in such a

jump? Where does this energy come from?
34 GIVEN: REQUIRED:
mass m =72kg Gravitational Potential
energyE =7

height h=60cm=0.06m
acceleration due to gravity g = 9.8 m/s’

The gravitational potential energy is given as

_ E..=mgxh
M| putting values  Ege = 728 ¥ 9.8m/s’ = 0.6m
E.. = 423.36J
rounding off Eoee = 4204 Arswer:

This gravitational potential energy comes from elastic potential energy

stored in the jumper's tensed muscles.

Assignment 6.3 JelANNI GRAVIT&TIONAJ-PQTENTML (ENERGY
An object of mass 10 kg is lifted vertically through a height of 5 m at a constant
speed. What is the gravitational potential energy gained by the object?

6151 ENERGY.CONVERSIONANDCONSERY.

The law of conservation of energy states that ‘ene
created nor destroyed in any process. It can be converted from one form to
another, but the total amount remains constant’. The following examples

rgy can neither be

explain the law of conservation of energy. /
y Adiver on a spring board:
Stored chemical energy in Lue body of the
diver allows him to bend the diving board. This
T

causes the bent diving board to store elastic p

-

potential energy which is then converted into kinetic
energy as an upward push,
2. Generation of Electricity:
Fotential energy of water which js stored at a
certain height is converted into kinetic energy b
making it fall on turbine to produce electricity, ’
3, Pole vault:

Pole vaulters v.dergo several energy
conversions. The initial run gives the vaulter kinetic
energy. The vaulter plants the pole, transforming
kinetic energy into potential energy of the deformed
pole. Then the pole straightens and lifts the vaulter
over the bar, transforming its elastic potential
energy into gravitational potential energy. The

athlete then falls toward's the pit, exchanging
gravitational potential energy for kinetic energy.
Finally, kinetic energy is dissipated in deforming the

landing cushion.
POINT TO PONDER
What type of energy weightlifter used to lift

weight?
The stored chemical energy in food enables a
weightlifter tolift the barbell over her head.

6511IMASS ENERGY EQUIVALENCE:
Einstein’s mass energy equation is given by E = mc’, In other words:

Energy = mass x the speed of light squared
E = energy (measured in joules, J)

m=mass (measured in kilograms. kg)
¢ = the speed of light (measured in metres per second, ms '}

10° ms", however this value
and energy are the same

Speed of light is constant having value 3 =
needs to be squared. This equation shows that mass

physical entities and can be

changed into each other.
157




Pollutants

In a power station, energy from a fuel (like burning coal) is used to boil water.
The light-pressure steam is used to turn a turbine, which turns a generator to
produce electricity

INFORMATION

Some insects jump using a catapult technique. The knee
joint of a flea contains an elastic material called resilin {a
rubber-like protein). The flea slowly bends its knee,
stretching out the resilin and storing elastic energy, and
then locks its knee in place . When the flea is ready to jump, g
the knee is unlocked and the resilin quickly contracts with a
sudden conversion of the stored elastic energy into kinetic
energy. Some of this kinetic energy is then converted into 2% 3
gravitational potential energy as the flea moves higher and ¥R s

higher. :\\L

“ENERGY.WITHIN

What is the energy released, when 50 kg person is converted completely into

Example 6.4

energy?

e .

GIVEN:
mass m=50kg REQUIRED:
speed of light ¢ = 3 x 10" me? EnergyE=?

By Einstein Famous equation
E=mc
putting values E =50kg x (3 x10® ms™)?

EXTENSION EXERCISE 6.2

o)y [ =i = R T

Find your mass and convert
therefore E=45x10" ik
. . itintoenergy.
= —CD i incoenerey |

This is 450,000,000,000,000,0000 J, which is an incredibly large amount of
energy. Equivalent to billion tons of TNT,

Assignment 6.4 Hel\[B&ET OF ENERGY

How much energy is generated when mass of 1g is completely converted into
energy?

Energy transformation
technologies convert energy from some
source into a useful form of energy. The
original source of the energy, called an
energy resource, is a raw material
obtained from nature that can be used to
do work. A resource is considered
renewable if it renews itself in the normal
human life-span. All other resources are
considered non-renewable.

Scientific and technological
advances have led society from a world
that required only food energy to be
transformed into muscle power, to one Energy usage of the world
that makes use of every imaginable form of
energy. In every energy-transformation
process, some useful energy is lost. Clearly,
more and more energy without consideration

society cannot continue to demand
for the future generations.

mphyﬁCDIDAﬁ:SjlﬂlBMCﬁLORSCAHSETH-B
— ; : E——— - m . l_
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nd processes that are sustainable. A
lete over time and will not damage
' de for the energy

The challenge is to develop energy sources a
sustainable resource is one that will not dep :
Earth's sensitive biosphere, while still being able to provi
demands of society, Some of the important energy resources are:
A. Fossil Fuels:

Fossil fuels are the remains of millionyear-
aquatic animal life — now gasaoline and natural gas.

1. Coal:

Coal is the most abundant fossil fuel in the world, with an estimated
reserve of one million metric tons. but burning coal results in significant
atmospheric pollution.

2. oil:

Crude oil is refined into many different energy products such as gasoline,
jet fuel and heating oil. Despite the limited reserves of oil in the world it is a

preferred source over coal because oil produces more energy than same amount of
coal,

old plant life — now coal — or

3, " Maturalgas:
Natural gas is often a by product of oil, it is mixture of gases the most
common of which is Figure 6.9 Fﬂﬁﬂ _
methane. The a::lv-antage Electricity
that natural gas has is that, Plants Coal generation
it is easy to transport.

Fossil fuels are s ..#m
consumed in more than 80% ' ' i

of the world demand for v.5
Hpe i iael
energy. However the waste J*‘ ;-7 - .1

gases produced in the | popictoric petroleum Car Fuel
cansumption is polluting | grganisms
the atmosphere.

B S Figure 6.10 LA L

“Bip” means life, so A
bio-energy is energy from 7 'r-—p»---p_*.

living things. The term Agriculture r food Methane

whiomass” refers to the products  wastes
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material from .
energy is cun::ktz :e 8et bio-energy. Biomass is produced when the Sun's solar
hotosynthesis.  Only. eare T Matter (carbohydrates) by the pracess of
P ? nly green plants and photo synthetic algae, containing

chlorophyll, are able to use solar energy,
The simplest process employed to make use of this energy is eating. Every

time you eat a fruit, a vegetable, or a processed versian of either, you are taking
advantage of the energy stored as biomass.

[tk Geothermal Energy:

Geothermal energy is the energy recovered from Earth's core. The thermal

energy contained within Flgure 6,11

Earth's core results from :

energy trapped almost five (5) Earth Electricity
billion years ago during the _Fh
formation of the planet. In

many countries geothermal —

energy is used to generate Thermal
electricity. energy

D. Wind Eneray:

The kinetic energy of the wind is currently used in many parts of the world
to generate electricity. It is eco friendly source of energy but require very large
open space.

E. Muclear Energy:

Nuclear fission is the process of splitting extremely large atoms (Like
Uranium or Polonium) into two |
or more pieces, which releases |
an enormous amount of energy
in the form of radiation or
heat. The heat is used to boil
water that eventually is used
to produce electricity. In
nuclear reactor small
quantities of fuel produce large amounts of energy (E= mc’). However there is the
potential for catastrophic damage to human life and the environment that an

accident — however unlikely — could cause.

i
.“.4

Earth Winds Wind Mill Electricity
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Figure 6.13
5;‘%3 neutrons

- @i T

‘—P%-i - ta amep
e ngi':ter Thermal  Reactor and Electricity
- Elements Energy  steam turbine
F. Solar Energy:
can be used to produce electricity. Today,

The energy from direct sun light
solar cells are used to power everything
cities. Sunlight, the fuel Figure .§_0LAR E

required by solar cells, is 100%

free and is very eco friendly.
However just like wind energy |
significant land area is Electricity
required to produce large
amounts of electricity.
G. Hydroelectric generation:

Electric energy generation using the g

water is known as hydroelectric generation. The
water, pulling it -down and providing it with a tremendous amou
energy. This kinetic energy is transformed into electric energy by very large
turbines. Such large reservoirs sometimes flood thousands of hectares of farmland

drastically altering the
ecosystem. For many years,
engineers did not have the
technology to economically
use smaller reservoirs for
generating electricity. with
improvements in technology,
smaller generation facilities
are becoming much more

from calculators and watches to small

Solar Energy Photovoltaic cells

ravitational potential energy of

force of gravity does work on the
nt of kinetic

Electricity

Gravitational Electric Energy

e

popular.
Potential Energy

_
m_

Alight bulb is designed to convert electric energy into light energy. A car
gy stored in the fuel into

engine is designed to convert chemical potential enen
ine are transforming

kinetic energy for the car. While the light bulb and the car engi
some of the potential energy into the desired form of energy, part of its energy is

‘lost’.

As you know, energy can neither be created nor destroyed. The lost energy
is converted into forms that do not serve the intended purpose. Often the lost
energy is transformed into heat. The efficiency of a machine or device describes
the extent to which it converts input energy or work into the intended type of

output energy or work.
Efficienicy is the ratio of useful energy or work output to the total energy or

PR EFFICIENCY

i incandescent ‘ ﬂunrescen!
heat

or efficiency = % ._—m haat
i

work input.
. useful output work
efficiency = -
input work

W,
ffi =2
or efficiency W __m

useful energy output
energy input

efficiency =

therefore units cancel,
Ib is designed to provide
In

Efficiency is the ratio of same quantities and
therefore efficiency has no units. An incandescent light bu
light energy. Unfortunately, it also producesa lot of thermal energy while in use.
fact, only about 5% of the electrical energy delivered to the bulb transforms to
light energy; the rest becomes waste thermal energy. We say that the

incandescent light bulb is only 5% efficient.
A florescent lamp is about 20 % efficient of converting electrical energy

into light as shown in the figure 6.16. Efficiency, expressed asa percentage, is the
ratio of the useful energy provided by a device to the energy required to operate
the device. The efficiency of an energy transformation as percentage is calculated

efﬁciency=%x1m% —&

as follows:
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It is not possible to have ABLE £ o '
a machine with 100% efficiency, ancformatio plo
because friction lowers the Baits Efficiency (%)
efficiency of a machine. Work = s
output is always less than work electric generator
input, so an actual mai‘h::: hydrostectric ¢ plant 95
wasting inpul energ ;__3. E ~
heat(which is not required) large electric motor
cannot be 100% efficient. home gas furnace 85
Typical Efﬁc{encues of Ene:rgy o 55
Transformation Technologies =
are shown in the table 6.3. fossil fuel power plant

: NE < L automaobile engine 25

The definition of work fluorescent light 20

makes no reference to the incandescent light 5

passage of time. For example, if

you lift a barbell weighing 100 M .

through a vertical distance of

1.0 m at constant velocity, you
do (100 N) (1.0 m) = 100 J of
work whether it takes you 1
second or 1 hour to do it. But
often we need to know how
quickly work is done. We
describe this in terms of power. ]
Power is the time rate at which work is

INFORMATION

solar energy can be used |
to power road signs. Fhoto [
voltaic cells convert the
energy of light into
electric energy.

done. Mathematically

t - :
Like work, power is a scalar quantity.

The SI unit of power is watt (W), in honour of & e
James Watt, a Scottish physicist who invent‘e:! e’ 3 25
the first practical steam engine. From equation sh “E ts ,_ e
(6.8), the unit of power is given by 1 watt = 1

: watts, or 10° W) of pawerl
joule /1 second or insymbols 1W=1 Js’

——

v o AR o s ]

In the British system, the unit of INF’ORMATION_} b

er is the foot-pound
';T':w PEHAE Pk Sacond Light bulbs are rated
08 1 {;,' with a certain number
For practical purposes, a larger of watts. Many light

fixtures have limits on
the power of light
bulb that can be used.
Stereo speakers are
rated according to
their power output in
watts

unit is often used, the horse power (hp).
One horsepower (hp) is defined as 550
ft.lb/s which equals 746 W.

1 hp = 746 W

A unit of energy (or work) can
now be defined in terms of the unit of
power. One kilowatt hour (kWh) is the POINT TO PONDER Jia\T;(e)7

energy converted or consumed in 1h at F s

£

the constant rate of 1kW =1000 J/5. The f. .

numerical value of 1 kWh is, 1 kWh = ;.L .#:
(10’ W)(36005) or 1 kWh = 3.6 x10° J —
The electricity bills that we pay 3 G %

are measured in terms of this unit.
The light Generated by 16 W LED is same
as light emitted by 23 W CFL and 100 W
Object/phenomenon Power in Watts bulb. What are the energy used per day

Milky Way galaxy PP (24hrs) for these three types in

Sun PR kWwh.

Lightning bolt 210" TID-BIT
Huclear power plant (total) 3«10
The

energy does a 100-watt light bulb

TABLE 6.4: Power Dutput or Consumption

Car (total) Bx=10 s
use is W = PAt = (100W)(3600s) W= 3.6 =
Ferson at rest (all heat transfer) 100 10" J. How fast would a 70-kg person
Electric clock 3 have to run ta have that amount of
Pocket calculator 10? kinetic energy?

Example 6.5 JSe:¥NN[:To) (3

Acrane is capable of doing 1.50 x 10° J of work in 10.0 5. What is the power of the
crane in watts and hp?




Unit - 6

putting values prg dadlr
10s
or P =1.50=10" J/s

therefore P =1.50x10'W e |

{hp=T746 W

5| GIVEN: . REQUIRED:
8] Work W =1.50 x 10" J power P=1
| timet= 10s

!J By definition of power P= 'lr_

T

| _1.50%10°J

(o)

N

the conversion factor for hp to W is

1
or L
iw 746 hp

1.50=10"
r 410 e e By
9 1.50x10" W a4

Hence 1.50x10* W=20hp

therefore p=20hp SAnswer:

Assignment 6.5 ) ELEGIRIGHEATER = HSOOEy

An electric heater is heated at 250 W.-Calculate the quantity of heat

10 minutes.

P
T

generatedin

ce moved in the direction of t@

Waork: Work is force multiplied by distan

force W =FScos@
capacityof a body to dowork.

Energy: Energy is the -
Kinetic Energy: It is the energy of an object due to its motion and is given by
E=¥amV .

an object due to its position.

: |t is the energy of
y is given by Epg. = mgh
f energy: Energy can neither be created nor
It can be converted from one form to another or
to another, but the total amount remains

— potential Energy
i Gravitation al potential energ

Law of conservation ©
destroyed in any process.
transferred from one body

of energy. P=Wit

constant,
power: It istherate of doing work or rate of conversion

G EEE——

Unit - &

GROUP = A

RESEARCH

i :I;I)‘I:LErEONh LIGHT TYPES EFFICIENCIES: Search library or

i de:;a the efficiencies of lighting technology available in

s ; ent bulbs, fluorescent lamps, LED lights). Compare their
antages and disadvantages. Write a research article for school library,

GROUPZB

. .
5 ﬂE::l::ESNE:mDN MODELS: Create your own homemade models of

e » Such as wind turbines and geothermal plants, and put them to
work with wind and water power donate the model for schoal laboratory,

GROUPZC

.!:Tu-:L:E Ut!: ENERGY FOR SCHOOL MAGAZINE: Pakistan is hit by worst ene
: n-:s: C: o e ﬁcent years. Analyze the economic , social and en\rirunmenrrg
bi;n assu ::c;h:rer:;;gy sq::rce:. e.g. fossil fuel, wind, falling water, solar
: : rmal energy. Research different ; :
. of
za:t:z:?::nn f:?:ﬁes developed in Pakistan to overcome mmble:::;
e which energy resource must be used i
. : in Pakistan for
production. Write your research article to be published in school maga::?y

z:DLI:'iI'S ‘AND ENERGY CONSERVATION: Make a presentation of energy to
mp n improvements in sports performance using principles and
ncepts related to work and law of conservation of energy.

:qua POWER: D?si-gn experiments for measuring your power output when
oolng push-ups, riding ::nn swings running up a flight of stairs, loading boxes

nto a truck, throwing a cricket ball, or performing other energy
transferring activities. What data do you need to measure or calculate? Form
groups to present and discuss your plans. If your teacher approves your
plans, perform the experiments.
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Choose the best possible answer:

o Waf k dﬂile w-} t
i Il be zero Wheﬂ the Bﬂgle hE‘ ween f0|: eand dls; l ti
Ntis

A. 30" B. 45" C. 60" D.9%0°
@ 30 N force is exerted and the trolley moves a distance of

direction of the force, the work done is 3 m'in the
A.6J B.25J C.150J D.0.17N
.| @ If the speed of a car decreases b i
v half, Th i
i e kinetic energy change by
A4 B.2 c.1/2

© Anobject of mass 10ka s li i % :
; g s lifted vertically through a height of 5m, 71
gravitational potential energy gained by the object is e
9.ﬂ;.ﬂ'.SJ B.2J C.50J
If a petrol engine d
o 2l 31 i ftsu:iffcr::e.: ::‘i susefu{ work for every 100 J of energy
A 80% B.60%

D.490J

C.40% D.20%

C. Efficiency D. Nane

A, 2500 w B. 100w C.328w
© Amachine is able to lift 200 N
of 30 m above the ground in 5

D.3.24w

UG: t::crete slab vertically up to a height
- IN€ average power of the machine is
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Give a brief response to the following questions.

@ Cana centripetal force ever dowaork on an abject? Explain.

@ What happens to the kinetic energy of a bullet when it penetrates into a
sand bag?

@ A meteor enters into earth's atmosphere and burns. What happens to its
kinetic energy?

@ Two bullets are fired at the same time with the same kinetic energy. If one
bullet has twice the mass of the other, which has the greater speed and by
what factor? Which can do the most work?

@ Cananobject have different amounts of gravitational potential energy if it
remains at the same elevation?

@ Why doroads leading to the top of a mountain wind back and forth?
which would have a greater effect on the kinetic energy of an object,
doubling the mass or doubling the velocity? i

@ If the speed of a particle triples, by what factor does its kinetic energy
increase?

@ The motor of a crane uses power P to lift a steel beamn. By what factor must
the motor's power increase to lift the beam twice as high in half the time?

COMPREHENSIVE QUESTIONS
Give an extended response to the following questions.
@ Define work and explain how wark is calculated if force is applied at an
angle.

@ Define kinetic energy. Derive the expression used for kinetic energy.

@ What is potential energy? Prove that the gravitational potential energy of a
body of mass mat a height h above the surface of earthis given by mgh.

@ State the law of conservation of energy and mass energy conversion
relation.

@ Explain briefly major sources of eneray. Such fossil fuel, wind, solar,
biomass, nuclear and thermal energy.

@ Define and explain efficiency.

@ Define and explain power.
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Unit - 6

NUMERIGALQUESTIONS

@ Determine the work done in each of the following cases: ]

a) Kicking a soccer ball forward witha force of 40 N over a distance of
b) Lifting a 50-kg barbell straight up 1.95m Sem
@ Calculate the velocity of a 1.2 kg falling star (meteorite) with 5.5
energy. 3% 10"y of
@ Calculate the gravitational potential energy of a 2000 kg piano

a) resting on the floor b) with respect to the basement floor, 1.9 mbel
F LR uw.

@ An elevator weighing 5000N i
much power isd:vET:pF.'d? iraRed o AR of 150 mn 10,0 s, how
@ What power is required for a ski-hill chair lift that transports
(average mass 65 kg) per hour to an increased elevation of 1200
@ Hf:w long will it take a 2750-W motor to lift a 385-kg sofa set t
window 16.0 m above? ?

@ How much work cana2.0-hp motordoin 1.0 h?

500 people
m?

a Shfth-stol.y

—

WEBILINKS,

www.mowp.gov. pk/
http:/ fwww, aedb.org/
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at is common-in—
cube and water?

After studying this unit you should be able to:
 state kinetic molecular model of matter (solid, liquid and gas forms).
+ describe briefly the fourth state of matter i.e. “Plasma”.

v define the term 'Density’.

+ compare the densities of a few solids, liquids and gases.
 define the term pressure (asa force acting narmally on unitarea).

« explain-how pressure varies with force and area in the context of everyday
examples.

« explain that the atmosphere exerts a pressure.

+ describe how the height of a liquid column may be used to measure the
atmospheric pressure,

=1 v describe that atmospheric pressure decreases with the increase in height above
| theEarth'ssurface.

« explain that changes in atmospheric pressure in a region may indicate a change
inthe weather. .

+ state Pascal's law. Apply and demonstrate the use with examples of Pascal's law

v state relation for pressure beneatha liquid surface to depth and to density i.e.,
(p=peh) and solve problems using this equation.

+ state Archimedes principle. Determine the dmsityufanohjectusingﬁ::himdes
principle.

/ state the upthrust exerted by a liquid onabody.

« state principle of floatation.

|| ~ explain that a force may produce a change insize and shape of abody.

+ define the terms Stress, Strain and Young's modulus.

v state Hooke’s law and explain elastic limit.




Look around , everything, from our body to the air we breath js Matter

features of a substance and how it behave are called its Praperties. Ther, efore i
important to know about the properties of matter. Knowing ahoyt meErties &
matter helps us to understand what ice cube rain and steam have in Commen;
What is the impact of amount of substance in a body? How matter behayes When
forces are applied? Questions like these can be answered after req ding iy,
chapter.
We will see how solids respond to external forces, and how fluids liquids
and gases develop pressure that is responsible for such phenomena as buoyancy

and fluid flow.,
KINETIGMOLECULAR MODEL OF MATTER ,
It is a well established by chemical and physical evidence that matter is
composed of molecules. Matter has three states solids, liquids angd £ases. Thesa
three states of matter are explained on the basis of Kinetic Molecular Theory. |n

kinetic molecular model, it is assumed that:

Solids:
1. Solids are made up of molecules which are arranged closely in a fixed pattern,

2. Molecules in solids vibrate about their mean positions.
3. Theattractive forces between the molecules are strong,

Liquids: '

1. Liquids are also made up of molecules which are close together.

2. The pattern of molecules is not fixed and does not extend far. The molecules in
a pattern keep changing their position,

3. Molecules are able to move about, which means that a liquid is able to change
itsshape and can adopt the shape of the container.

4. The attractive forces between the molecules of liquid is less than the solid..

Gases;
1. Agasis made up of molecules which are in constant random motion.

2. The distance between molecules is larger as compared to the size of the
molecules. :
3. The molecules are constantly collidin

walls of the container.
Forces between molecules are negligible, except duri ng collisions.

g elastically with each other and with the

——

R
] t
Because liquids and gases do not maintain a fixed shape, they bo

the ability to flow. They are thus also referred collectively as fluids.

&.ph.

X

.:'l': = -“
‘é\ :!_“ J'_'i— . — -’"'a
o, & @ =| en =
i Z (N -
e Gas molecules move rapidly

les flow .
Uq:ﬁirrmumher. in all directions and collide.

lid molecules vibrate
%6 in fixed positions.

LASMA: o
’ There is another state of matter, the fourth state, called Plasm:;:c:lns :1 .
. Plas
f free electrons and atoms from which the electrons have been rem::.t sz
:xir:se in the sun, where thermonuclear reactions take place a
5

temperatures.
Deﬂﬁity of a Substa!'lﬁe is deﬂl‘led TAELE 71 DENSTTIES :
as the mass of substance per unit al e (ke/m’)
volume. For exampleiran is der.iserthan air, — ==
because iron has more mass in the same = i
volume as compared to air. Cﬂnversely. for i =
same mass of iron and air, volume of iron ce =
will be less than air. Symbolically density is polythene -
denoted by ‘p’ (called Rho). Far an al.:‘ject petrol 8
of mass ‘m' and volume ‘V’, density is ce—— 1000
s _ mercury 13600
? : air 1.3
P =% &3 carbon dioxide 20 |
are

density values,
Hence the S.1. unit of density is kg m”. Some comman ty

jvenintable7.1.
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DENSITY OF METAL
A rectangular metal piece has length 0.3 m, width 0.2 m and height 0.1 m. If jts
mass is 47.4 ka. Calculate its density.

REQUIRED:
density p =7

e} Mass of metal piece m = 47.4 kg
4 Volume V = length = width = height y
0.3m=0.Z2m=0.1m=0.006 m

By definition of density p =$

 47.4kg
P =006 m’

therefore p = 7900kgm™ _m

From the table 7.1 we can see that it is density of iron, therefore the metal
piece under study is that of iron.
e DAL v S8 W) DENSITY OF DIAMOND

A diamond has a volume of 0.00002 m’, its mass is measured
as 0.072 kg. Calculate its density.

putting values

Pressure is defined as force per unit
area. Pressure is represented by letter ‘P, if
force 'F’ is applied on area ‘A", the pressure is

F
Pk —

The 5l unit of pressure is the newton per

metre of steel or a cubic
metre of wood? Why?

Assuming
2 P : same force is
square meter (N/m’), which is given a special appiied At
name, the pascal (Pa). both ends of
this thumb-
pin, On which
N side pressure
is greater? '

Aann nhusic 1Y DATES 32018 A1 COIOR SCANSFTA R

_-———1"_—_—._—-1_—.-.'.'-:_-_

Unit - 7

SIS PRESSURE AND PRICKING

Pressure is increased if the force applied
to a given area is increased, or if a given
force is applied to a smaller area, For
example, if you press your finger against a
balloon, not much happens—yaur finger
causes a small indentation. On the other
hand, if you push a needle against the
balloon with the same force, you get an
explosive pop. The difference is that the
same force applied to the small area of a
needle tip causes a large enough pressure

) -

Have you ever wonderd why getting
steped on by heeled shoe hurts more than
getting stepped by flat one?

Since the pressure depends upon the
amount of force acting on the surface and
size of the surface. Therefore for same
force smaller surface exerts greater
pressure. For the same reason the spiked
shoes are painful to wear, as it
concentrate your body weight (force) on
the ball of foot.

to rupture the balloon.

POINT 0 ponpeR I

Example 7.2

be the pressure under that foot?.

WEIGHT AS PRESSURE ON GROUND

A 40-kg girl’s two feet cover an area of 500 ¢m’ {a) Determine the pressure |
exerted by the two feet on the ground. (b) If the girl stands on one foot, what will

GIVEN:

Force F = Weight W = mg = 40 kg x 9.8 ms® = 392 N

REQUIRED:

Area A = 500 cm’ = 500 x (10%)" m'= 500 x 10*m*= 0.05 m’

(a) Assume the girl is at rest. Then she exerts

a force equal to her weight mg on the ground ST e 2 s (AL

where her feet contact it. Therefore by

definition of pressure
P -

=™

392N

: P=
putting values 0.05m2

Pressure P =7

What will be pressure if she

is wearing heeled shoe with

an area of tip 0.0001 m’, and
stand with all her weight on

that tip?




or p = 7840Nm™
or p =7.8x10° Nm™
or P=7.8kPa

o e

(b) If the person stands on one foot, the force is still equal to the person's
weight, but the area will be half as much, so the pressure will be twice as

much :
p=15.6kPa —NENAW

Assignment 7.2 Jee)\[d;ia 0 Helel¢

A block of concrete weighs 900 N and its base is a square of side 3 m. What
pressure does the block exert on the ground?

7.4 ATMOSPHERIC PRESSURE

Pressure is particularly useful for dealing with fluids. It is an experimental
observation that a fluid exerts pressure in every direction. This is well known to
swimmers and divers who feel the water pressure an all parts of their bodies. A
person need not be under water to experience the effects of pressure. Walking
about on land, we are at the bottom of the earth’s atmosphere, whichisa fluid and
pushes inward on our bodies just like the water in a swimming pool.

The pressure that atmosphere exerts is called atmospheric pressure.
The pressure of the air at a given place varies slightly according to the weather. At
sea level, the pressure of the atmosphere on average is 1.013 = 10°Nm’ (or 1.013 %
10° Pa).This value lets us to define a commonly used unit of pressure, the
atmosphere (abbreviated atm), such that 1 atm=1.013x 10°Pa.

Another unit of pressure sometimes used (in meteorology and on weather
maps) is the bar, which is defined as 1 bar = 1.000 x 10’ Pa

Thus standard atmospheric pressure is slightly more than 1 bar. The air
around us exerts a force in all directions and is opposed by an equal pressure inside
our body, thus we are generally unaware of it. However, when the air is pumped
out of a sealed can, atmospheric pressure produces an inward force that is
unopposed. The resulting collapse of the can illustrates the pressure that is all

around us.

The climbers at high altitudes encounter lower atmospheric pressure due to the
thinner air. The thinner air causes breathing difficulties due to the lower level of

oxygen.

e = aada & LOOLOR SCAN SET 12-A

e

the material of the can is thin or flexible.

Figure shows a thin-walled metal can,
attached to a vacuum pump. Before the air was
pumped out, the pressure inside the can is
equal to that outside (atmospheric) pressure.
As the air is pumped out, a partial vacuum of
very low pressure forms inside the can and
immediately the external atmospheric
pressure crushes the can. it will only happen if

7.4.1/ MEASUREMENT OF ATMOSPHERIC PRESSURE

An instrument that is commaonly used to measure atmospheric pressure is

the mercury barometer. Italian

v Figure 7.2 il liasa
mathematician Evangelista Torricelli |
" (1608-1647) invented it in 1643, Figure Mormal Higher

atmospheric
pressure

7.2 shows a Torricellian barometer. A
long tube that is open at one end and
closed at the other is filled with mercury
and then inverted into a dish of mercury.
Once the tube is inverted, the mercury
does not empty into the bowl. Instead,
the atmosphere exerts a pressure on the
mercury in the bowl. This atmospheric
pressure pushes the mercury in the tube
to some height ‘h" above the bowl. In
this way, the force exerted on the bowl
of mercury by the atmosphere is equal
to the weight of the column of mercury
_in the tube. Any change in the height ‘h’
of the column of mercury means that the
",atmosphere's pressure has changed. At
sea level, the atmosphere will push
down on a pool of mercury and make it
|'-ise up in a tube to a height of

atmospheric
pressure

A mercury barometer. If there is no air in
the tube, the air pressure on the mercury
in the bowl forces the mercury to rise up
the tube. The pressure at the bottom of
the tube equals the air pressure. The
higher the air pressure, the higher the

column of mercury.

épproximately 760mm.
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Isit possible to build a barometer with water rather than mercury?

Water is less dense {less heavy, in effect) than mercury so air pressure will lifta
certain volume of water much higher up a tube than the same volume of
mercury. In other words, if we use water, we would need a really tall tube and
our barometer will be so enormous as to be impractical.

742 ATMOSPHERIC PRESSUREAND WEATHER"
Barometers kept in the same place at 5ea level Pressure Anomaly (mb)
the same height above sea level shows some
variation in atmospheric pressure from day to
day, These pressure variations are shown on
weather maps. The lines in the map joining all
those places with the same atmospheric
pressure are called isobars. The unit for
pressure used in weather maps is the millibar
(mbar).

1000 mbar = 1 bar

1 bar = 100 kFa, nearly equal to normal
atmospheric pressure. Usually the range of
atmospheric pressure varies from the very
high pressure of 1040 mbar to as low as 950 mbar. Winds move from high pressure
regions to low pressure regions. In the northern hemisphere, the wind moves
anticlockwise around areas of low pressure and clockwise around areas of high
pressure. The strength of the wind is determined by the pressure gradient. From
the weather map, when the isobars are packed closely together, it indicates a high

pressure gradient. This means that strong winds may result.

PSSR DRINKING THROUGH STRAW

-

The action of sucking increases the volume of
lungs, thereby reducing the air pressure in the
lungs and the mouth. The atmospheric pressureé  atmospheric
acting on the surface of the liquid will then be  pressure
greater than the pressure in the mouth, thus
forcing the liguid to rise up the straw into the

mouth.

Pressure less than
atmospheric
pressure

Liquid Pushed up
the straw

NN UELE  WORKING OF VACUUM CLEANER

Vacuum cleaner consists of an low pressure
electric motor with fan, filter bag electric motor
(dirt bag) and a tube. When the withFan
electric motor is switched on the
fan rotates in such a way it sucks the
air inside container and sends it out
through exhaust, creating a partial - "kz)
vacuum inside the container. By atmaspheric pressure Dust
doing so, a low pressure region is

created inside the container.

As we already know materials move from high pressure region to low pressure
region, here, surrounding air moves from outside the container via the tube to
inside the container. While surrounding air moves inside with more force, it
gathers all the dirt and dust that comes across its way, thus pulling them inside
the container, These dust and dirt particles are filtered and stored in the filter
bag, which will be disposed later.

PEIINTNTTI) WORKING OF VACUUMCLEANER |

tube

exhaust

7.5  PASCAL'SPRINCIPLE

el o vyle/ B8 PULLING LIQUID UP THE SYRINGE

To draw liquid into the syringe, as shown in f
Figure, the piston of the syringe is drawn back ,mﬁ;ﬁ,m ]’
upwards. This decreases the pressure within

the cylinder. Atmospheric pressure acting on atmospheric
the surface of the liquid drives the liquid into  pressure
the cylinder through the nozzle of the syringe.

Thus atomospheric pressure helps the fluid to

lift up the cylinder.

When you pump a bicycle tyre, you apply a force on the pump that in turn
exerts a force on the air inside the wyre . The air responds by pushing not only
against the pump but also against the walls of the tyre. As a result, the pressure
increases by an equal amount throughout the tyre. In general, if the pressure ina
fluid is increased at any point in a container (such as at the valve of the tyre), the
pressure increases at all points inside the container by exactly the same amount.
Blaise Pascal (1623-1662) noticed this fact in what is now called Pascal's principle
{or Pascal’s law):
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An external pressure applied to an enclosed fluid is trqnsmitted unchanged
to every point within the fluid. ! ’

Classic example of Pascal’s principle at work is the hydraulic lift, which is
shown schematically in figure
7.3. Here we see two
cylinders, one of cross-
sectional area A, the other of
cross-sectional area A, > A,.
The cylinders, each of which
is fitted with a piston, are

_connected by a tube and filled
with a suitable fluid usually oil
called Hydraulic fluid. Initially
the pistons are at the same
level and exposed to the
atmaosphere.
Now, suppose we push down on piston with the force F,. The pressure P,
exerted by this piston is
A =% —o

Similarly, the pressure on the |

Figure 7.3

written as F
R=t —@
By pascal’s principle
p-h —® T
putting values from equation 1 and equation 2 in equation 3, we get
b
A A
A xF
o FR=2
A

o A=3n —ED

Depending on the ratio A,/A, the force F, can be as large as required. To be

[
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specific, let’s assume that A, is 100 times greater than A,. Then, by pushing down on
piston 1 with a force F, we push upward on piston 2 with a force of F, = 100 F,. Our
force has been magnified 100 times! Hence a relatively small effort can be used to
overcome a much larger load.

PN N[N plel I HYDRAULIC BRAKES OPERATION

Hydraulic car brakes are shown in

Figure .When the brake pedalis beihaidnn
pushed, the piston in the master brake =
cylinder exerts a force on the PEd_%ll .. N cylinder

‘brake fluid and the resulting
pressure is transmitted equally to
efght other pistons.

These force the brake
shoes or pads against the wheels
and stop the car.

7'6  LIQUID PRESSURE '

The liquid is incompressible therefore the pressure increases directly
below the surface of the liquid. In figure 7.4 a disc is placed at the bottom of a tank
in fluid. The force F acting on the disc is the weight W of the cylindrical column of

liquid of mass m.
F=W=mg —@
For the fluid of density p, the mass m of the fluid above the disk, with
volume Vis
m

OEY TR LQUID PRESSURE
or m=pV _e

"
Since the fluid forms a |

cylindrical volume V shown by dotted

lines in the figure which has height h

and area of cross section A, Therefore

Disk G
V=Ah —® ~ O I L
putting equation 3 in eguation 2, we L “*: : '
2 o
get
m=pAh —@ A [




Putting equation 4 in equation 1, we get

Since pressure is defined as

(nromwrion I8

F
P=_ —@
A
putting value of force from equation 5 in
equation & we get
P= pAhg_ Since points A, B, C, and D are at the|
A same distance h beneath the liguid
therefore P=phe m surface, the pressure at each of them

is the same.

1) Pressure in a liquid increases with depth
because the further down you go, the greater the
weight of liquid above. As can be seen in Figure -
A water spurts out fastest and furthest

from the lowest hole.

2) Pressure at one depth acts equally in all
directions.

The can of water in Figure has similar holes all
round it at the same level. Water comes out
equally fast and spurts equally far from each hole.
Hence the pressure exerted by the water at this
depth is the same in all directions.

Assignment 7.3

—

3) A liquid finds its own level. In figure the liquid is at
the same level in each tube and confirms that the
pressure at the bottom of a liquid depends only on the
vertical depth of the liquid and not on the tube width or
shape.

LIMITS ON SUBMARINE DEPTH

Asubmarine is constructed so that it can safely withstand a pressure of 1.6 x 10"

Pa. How deep may this submarine descend in the acean if the average density of
seawater is 1025 kg/m’?

GIVEN:

PressureP=1.6x10"Pa=1.6 %10 kgm’s"
Density = 1025 kg/m’

Acceleration due to gravity = 9.8 ms”

REQUIRED;
depth = height h = 7

(a) The maximum depth a submarine can g0 down
canbe measured by equation
P=phg
P

or h=—
pg

putting values

__1.6x10" kgm''¢*
1025 kbm™ x 9.8 mg”

therefore h=1.6x1°m=1.6km —m

PRESSURE AT 100m DEPTH OF WATER

What is the pressure at a depth of 100 m below the surface of water?
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7.7 UPTHRUST. AND BUDYANCY

When an object is immersed [Figure 7.5 JAUAEITENS

Net force F_, of the fluig
cork is the buoyant fGn:e‘:‘ the
L]

7 U THRUSTANDBUDVANGIE e

in a fluid, the pressure on the lower
surface of the object is higher than
the pressure on the upper surface. |The buoyant
The difference in pressures leads to |force arises
an upward net force acting on the |because the
object due to the fiuid pressure |fluid pressure -
called up-thurst or buoyant force |3t the bottom Tor 12

hi ind
and phenomena is called buoyancy. ::I:r:erry:hlner
If you try to push a piece of [ the top. 5

cork underwater, you feel the
buoyant force pushing the cork back

up.
7.8 ARCHIMEDES PRINCIPLE

Why do some things float while others do not? Is floating determined by the
weight of the object? A large ship floats, but a small pebble quickly sinks. Clearly,
it is not a matter of the total weight of the object. The density of the object rna;
be the key. Objects that are denser than the fluid they are immersed in, will

sink—those less dense will float. The complete answer to the question of why
things sink or float is found in Archimedes’ principle, which is stated as

F. > F,.. because pres is
at‘.botmm of beaker, hence mmt;:rr :
exerts a net upward force

]

The buoyant force acting on an object fully or partially submergedina
fluid is equal to the weight of the fluid displaced by the object.

Everyone has experienced Archimedes’ principle. For example, it is .

relatively easy to lift someone in a swimming pool.

Imagine that you submerge a brick in a container of water, as shown in

Figure 7.6. Aspout on the side of the container at the water’s surface allows water
to flow out of the container, As the brick sinks, the water level rises and water
flows through the spout into a smaller container. The total volume of water that
collects in the smaller container is the displaced volume of water from the large
container. The displaced volume of Water is equal to the volume of the portion of

184
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the brick that is underwater.
EPNTEAS ARCHIMEDES' PRINCIPLE

. N 'i \u

b. The brick displaces ¢. When the brick is
water, causing the water completely submerged,
to flow into a smaller the volume of the
container. displaced water is equal to
the volume of the brick.

a. A brick is being
lowered into a container
of water.

The magnitude of the buoyant force F, acting on the brick at any given time
can be calculated by using Archimedes’ principle. Any object completely or
partially submerged in a fluid experiences an upward buoyant force equal in
magnitude to the weight of the fluid displaced by the object.

F.= W (displaced fluid) = m,g
magnitude of buoyant force = weight of fluid displaced

According to Archimedes [Figure 7.7 Malelume 0o (2
prnciste Svry ebjec T
! - la wood.
The buoyant force will decrease Mpiaod by
the weight of the object which i Water is denser than
wood P * P

termed as apparent lose of
weight. Whether it floats or sinks
depends on the object’s density

50 block’s weight W is
less than F,, and the

relative to the fluid. When we net force is upward,
push a wood block underwater

and you will feel the upward F, = weight of fluid
buoyant force as in figure 7.7(a). displaced by coin.
By Archimedes principle, the PR P
buoyant force equals the weight TP

of water displaced; since water
is denser than wood, the buoyant
force is greater than the wood's
weight, and that is why wood

50 coin's weight W is
greater than F,, and the
net force is downward.
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zl Oats. Now when we submerge a coin figure 7.7(b). It’s denser than water, o ¢
OIN's weight is greater than the weight of the displaced water. Hence the ol h_@
Weight is greater than the upward buoyant force, and it sinks. 2
~ Whether an object will float or sink depends on the net force acting o
This net force can be calculated as follows: it.
F..=F, - W (object)
; Now we can apply Archimedes’ principle, using ‘m,’ to represent the
of the submerged object and *m," as mass of fluid ‘g’ is acceleration due to gra.:r 4
Fru-r =mg - m.;g t}'
Remember that ‘m = pV', so the expression can be rewritten as fol|
P Fa=pV,g-pVg or F,=(pV,-pMVlg
simple relationship between the weight ‘W’ of a subm
- erged
mass m, and density p, and the buoyant force ‘F,’ on the object by fluid object of

of mass m, and density p, can be found by considering their ratio as fuiluw:'_‘splaced

w_myg
Fo mgd
W
for submerged object equal volume is displaced therefore
Vo=V,= v '
‘ Mg = poV and
putting these values in equation 1, we get

ows:

therefore My = paV
=Pa

E = Pa'é
fo ps
or _l‘_lf_ Po

LAB WORK

T 4.
ofind the density of a body heavier than water by Archimedes Principle

ISICROWN MADE OF PURE GOLD?

A girl purchases a “gold” crow,

nat a flea m
crown frnrft ascale and finds its weight to be ?a:;e;.
immersed in water, and the scalereads ¢ oblie

After she gets home, she hangs the
She then weighs the crown while it is

86N, Is the crown made of pure gold?

T—v.

S GIVEN: REQUIRED:
o wEight!nairW‘d?.MN Density of crown p, =?
Bl weight inwater W, = 6.86 M .
Ul pensity of water p,=1.00x 10°ke/m’
.:r The apparent weight of the crown in water 'U:-',, is equal to the weight in air W,
o minus the buoyant force F, exerted by wateri.e. W, =W, - F, which means that
N ' Fa =W, -W,
Fp=7.84N-6.86N
Fp =0.98N

The relationship between the weight "W" and
the buoyant force 'F," is

Fe  ps
Rearrange the equation to isolate the unknown:

In Air In Water

W
Po—F Pa

[:]
7.84
putting values Po = ﬁth’ kg/m’

therefore ' po =8x10%kg/m’ — Al

| FromTable7.1, the density of gold is19.3 x1 0'kg/m’. Because 8.0 x 10'kg/m’
| isquiteless than 19,3 = 10" kg/m’, the crown cannot be pure gold.

PRSI LTy =1 v i (DENSITY OF ROCK

Ageologist finds that a Moon rock whose weight is 90.9 N hasan apparent weight
of 60.6 N when submerged in water. What is the density of the rock? |

WATER AND OIL

Pour some water into a clear glass. Then pour in
some cooking oil. Which liquid is less dense?




p 3 HYDROMETER
. A hydrometer is an
nstrument that measures the —the
5 ratio of the density of the liquid to
the density of water. This is a glass "2
tube with a scale on the side ik
weighted at the bottom with lead o
:: tsih-:;F. The ledrometer floats in the .=
quid and if the liquid is dense the o
hydrometer does not need to sink
very low to displace its own weight 'ﬂmﬂr hu:ﬂi:;:my
of liquid. If the liquid has a lower
density it will sink much deeper,
measuﬁ:gyc!:nerr:lt::t are calibrated for different uses, such as a lactometer for
5o iv (t:fearnines} of milk, a saccharometer for measuring the
s oo a liquid, or an alcoholometer for measuring higher levels of
Aballoan, fil —
gas lighter than al'r;fv:;.'m!::e;rs:e(: FORTTO PONDER ]
upwards by the denser air when it is ==
released. This is because upthryst is
greater than the totaf downward
weight of the helium and the material
of the balloon.
\ balioon Alr s denser than P = A
[ helium and maters i
mum e Hzl Fd!:':::t;i l::fol;ireor: A r:t;et ball floats in
. ol cury because
f other. the density of
mercury is greater
than that of steel.

In everyday €@
4 about an elastic bedy, you probably

k of a rubber band. A rubber band
| to a distorting force, and yet it
gth after the distorting

to yo :
jmmediately thin
yields @ great dea
returns to its original len

forceis removed .
The property of solid materials to return to

their original shape and size after removal of
deforming force is called elasticity.

when an archer shoots an arrow, he bends
the bow which springs back to its original form after
the arrow is released. When a tennis racket hits a
tennis ball, the shape of the ball is distorted or
deformed, but it regains its original shape when it
bounces off the tennis racket.

Mot all materials return to their original
shapes when a deforming force acting on it is
removed. Materials that do not return to their
original shapes after being distorted are said to be
inelastic. Examples of inelastic materia.l.s are

A tennis ball is flattened by
the contact force exerted
on it by the strings of the
tennis racket. Likewise, the
strings of the racquet are
deformed by the contact
force exerted by the ball.
The two forces are

interaction partners.

plasticine, clay and dough.

Most materials are elastic up to a certain
limit known as the elastic limit. Beyond the elastic
limit a material will not return to its original
dimensions break or permanently deforms when the
deforming force is removed.

72901 HOGKE!S LAW

When a spring is stretched or compressed,
the extension or compression is directly
proportional to the applied force (Figure 7.9). This
relationship is known as Hooke’s law which states
that within elastic limits the extension (or

Figure 7.9
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pu
Compression) x is directly proportional to the restoring force F,,, i.e. Limit of Prop
Fooon =X ;he:ends on the material of the wire, andis k
1l £ ocbn 7381 material. Mathematically Modulus for Selected Materials
~ i p i Stress oc Strain Material | Young Modulus,
t\:hi';e kisknown as the force constant having units Nm". The negative sign shoy Stress =Constant x Strain Y, (Pa)
at force is directed against displacement. This relationship is also true fo ] or T : )
under tension. = : TRNEE Constant of proportionality is called Young’s ™ iy 7.0 x 10"
isdenoted by Y 19
pi 710 STRESS, STRAINANDYOUNG'S MODULUS mOdUI{:crESS - Young's Moduliss SErail Brass 9.0 x 10
& A wire under tension will extend. Its extension depends on a it = £ 11 = 10"
] num § et opper
factors such as the tension, its diameter and length and the material ofthew?: of rearranging the above equat :':I’_;:: ’ ,‘ T
" Suppose that a wire of length | and cross-sectional area ‘A’ is stretched by Young' s Modulus = Strain KA SHis :
orce Fand the extension produced is x as shown in figure 7. 10. ; a ! > - Iron 21 x 10"
Stress: Young’s modulus is denoted by Y, putting = 1.6 10°
“ b=
appueéﬂ?e smessiapp!ied to the wire is defined as the force values of stress and strain, we get i L 21 x 10"
PEr unit area of cross-section to produce s F Nicke! X
deformation. Mathematically Y =‘§? Steel 20 x 10°

stress=___Force

Areaof crossection

or stress = ; __m

The unit for stress is Nm *or pascal.
Strain:

As a result of the wire being stretched, it is under

strain, The strain is defined i
u&mmmuﬂy as the extension per unit length.

strain=

-

F
xzﬁ
l

extension
Original Length

feno physic IX DATE:S 3.2018 As COLOR scAp SEY
138
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rearranging Y=

Axx m

Young Modulus for different materials are given in the table 7.2.

Stress strain curves:
Stress and strain curves are measured |

by stress tester.,

The applied stress is increased and
the change in length is noted, The values are
then printed on graph. A typical graph for
metal is shown in the figure 7.11.

Here, Point, A, is the limit of
proportionality, the limit up to which Hooke'

[Figure 7.11

LAB WORK

graph,

4 Elastic c
region g t
A D
g region
W
0 Strain "
—
To study the relation between load and extension (helical spring) by drawing

191
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is the elastic [imit, the limi¢ up

law is obeyed called jonal limit. Point, B,
proportional limit. FOIT 2

to which material shows elastic behavior, point C is the mulTum:;rESs wire cap,

with stand without breaking and point D, is the breaking point, where materjy|

breaks,

[FELLIEAS  YOUNG!'S MODULUS

Awire of length 5.0 m and area of 0.03 m’is StrEtEhEd.U. 15m W‘ithil;l elastic lfm-_it'
by hanging weight of 270 N. Calculate stress, strain and Young’s modulus of

material of wire.

N GIVEN: REQUIRED:

o) lengthl= 5.0m stress=7?
strain =7

& areaA=0.03m’

tl extensionx= 0.15m

Wl weight = force F = 270 N

a) By definition of stress  stress =£

putting values stress = %

*

stress =9x10° Nm ™2 _m

b) By definition of strain strain=X
{

Young's modulus Y = ?

putting values strain = 0.15m
5.0m
strain = 0.03 e Answer |
) Young's Modulus is Young's Modulys = Stress
Strain

putting values y _ 9.0x10°Nm™
0.03

therefore Y =3.0%105Vm2

'hysic X DATES.3.2018 AJ COLORSCAN spr 15,5

ensity: Mass per unit volume
pressure: Force applied per unit area
ometer: Device used tomeasure a

s Principle: if the pressure at one po
: increases by the sa

tmospheric pressure
int of a confined fluid is increased by

Bar
me amount at all other parts

pascal”
4n amount, the pressure

throughout the fluid.

Archimedes’ principle: Abody wh
will experience an upthrust equa
body. This upthrust will bring abput a
Elasticity: The property of a body w!

dimension when the deforming force acting on the bo e
elastic limits the extension (or compression) is directly

en completely or partially immersed in a fluid
| to the weight of the fluid displaced by the
napparent loss of weight of the body.

hich enables the body to regain its original
dy is removed.

Hooke's law: Within
proportional to the force applied. .
stress: The force applied per unit area of cross-section to produce deformation.

Strain: the extension per unit length.
Young's Modulus: The ratio of stress to strain.

GROUP - A ;

TYRE PRESSURE: Research air pressures in different tyre types (bicycles, motor
bikes, cars and trucks). Why are the pressures different for different automobile
tyres? Prepare a presentation to be presented in physics class.

GROUR-B

SUBMARINES: Prepare a chart on submarine technology, what is the science of their
sinking and raising up.

GROUP - € ;

WEATHER IN PAKISTAN: What is the organization that monitors and predicts
weather in Pakistan, write a research article for the school library.

PRESSURIZED CABINS: Write an article for school magazine on why submarine and
aircraft cabins are pressurized at certain level. What would happen if the cabins are

. not maintained at constant pressure,

GROUP - E

DENSITIES: Find a spring balance and use Archimedes Principle to determine the
densities of few objects. Compare the calculated density results with the table and
comment on their composition. Deliver presentation to the class for your findings.
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CONCEPTUAL QUESTIONS
: Give a brief response to the following questions.
—-__-—\\ @ Ifyou climbed a mountain carrying a mercury barometer, would the level of

the mercury column in the glass tube of the barometer increase or decrease
as you climb the mountain? Explain.

@ Walnuts can be broken in the hand by squeezing two together but not one.
Why?

@ Whyis the cutting edge of the knife made very thin?

Choose the best possible answer:

© Acontainer having volume of 6 m’ is full with a liquid, having density
kg m”. The mass of the liquid is ' of 39

A. 180 kg B.24kg C.5ke D.0.2kg

@ Why water tanksare constructed at the highest level in our houses?
@ Liquids and gases and collectively categorized as

© Why a small needle sinks in water and huge ships travel easily in water

A. Liquids B.Pascals  C.Fluids  D.None without sinking? m
© Whichof th : ' Explain how and why camels have adapted to allow them to walk more
C of the following cannot be used to measure pressure (6] o gt conditions?
A, Atm B.Pa C.bar D. kgm® i . A 0ot while d i
© pressure at depthin fluid @ You would have probably experienced your ears "popping while driving in

i the mountains. Why ears ‘pop'?
A.increases B.decreases C. none

D. stays the same @ If you filled an airtight balloon at the top of a mountain, would the balloon

E , J
© The unit used for pressure in weather maps is expand or contract asyou descend the mountain? Explain.

o) AAtm B.Pa C. bar D.Nm?

0 ; @ A rowboat is floating in a swimming pool when the al:lll:htl{ is druppt_ad n\irer
A rock weighs 25.7 N in aii - ) the side. When the anchor is dropped, will the water level in the swimming
of the water nairand 21.8 Nin water. What is the buoyant force poolincrease, decrease, or remain the same? Explain.

. A 41N B.3.9N C.1.18N D. D_MNI @ Which material is more elastic, steel or rubber and why?

Which of the followi ; :
ng objects, submerged i

argestmagnitude f thebuoyant orcer e

I COMPREHENSIVE/QUESTIONS
A. 1-kg helium balloon; B. 1 kg of wood: ' Give anextended response to the following questions.

o C. Tkgof iron; Dall the same. @ Using kinetic molecular model of matter, explain three states of matter.
The unit of strain s : @ Define and explain density and pressure.
A-kgm? B. Pa C.Nm? D @ What is atmospheric pressure? How is it measured by using a mercury
Young modulus js Mmeasured in units of yo barometer? Also describe how weather changes with atmospheric pressure?
A- kg m.] E_ Pa

@ State Pascal’s principle and explain with example?
@ How pressure varies with depth in liquids? Explain.
S| @ What is meant by buoyant force or upthrust in fluids?

CN

D. none
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@ State and explain Archimedes principle.
@ What is elasticity? Explain. '
© State and explain Hooke's law.

@ Define and explain, Stress, Strainand Young’s modulus

_ NUMERICAL QUESTIONS

@ Arectangular glass block of dimensions 30 cm by 5cm b

N. Calculate the least and the greatest pressure it can
on a horizontal table?

Y 10em weighg 37.5
exert When restrng

& What is the hei ght of a water barometer at atmespheric pressura?

@ The small piston of a hydraulic lift has an area of
4
1.20 = 10° N sits on a rack mounted on the large pist

anarea of 0.90 m*, How large a force must be appli
Support the car?

4] ;he deepest point in the ocean fs 11 km below sea level, deeper tha
erestis tall, What is the pressure in atmospheres at this depth? "

0.20 m". A car weighin

on. The large Piston has
ed to the small Piston tg

its apparent wei
Calculate (a) the Upthrus:' i P weight was found to be 25 N.

) he block (b) th i
d e weight of
isplaced, (c) the volume of water displace, (d) the vn{g il
and (e) the density of the block ume of the biock.
© When a wej i
ight of 30 N is hung f; : o2
length becomes 2.20 8 Trom a wire of original length 2

elastic limit s not exceeded?

http://
p www.strangematterexhibit.cam.fwhatis html
i
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temperature and heat are evident in this

‘breathing performance. The performer

s thesfuel (highly purified lamp oil is a
‘arred choice) in order to create a fine
pre

B2t Which facilitates the combustion. A good
pique is essential to keep the flame far

_'Ifterstudying this unit you should be able to:

define temperature (as quantity which determine the direction of flow of thermal
energy).

define heat (as the energy transferred resulting from the temperature difference
between two cbjects).

list basic thermometric properties for a material to construct a thermometer.
convert the temperature from one scale to another (Fahrenheit, Celsius and Kelvin
scales).

describe rise in temperature of a body in term of an increase in its internal energy.
define the terms heat capacity and specific heat capacity.

describe heat of fusion and heat of vaporization (as energy transfer withouta
change of temperature or change of state).

describe experiments to determine heat of fusion and heat of vaporization of ice
and water respectively by sketching temperature-time graph on heating ice.
explain the process of evaporation and the difference between boiling and
evaporation.

explain that evaporation causes cooling.

list the factors which influence surface evaporation.

describe qualitatively the thermal expansion of solids (linear and volumetric
expansion).

explain the thermal expansion of liquids (real and apparent expansion).

solve numerical problems based on the mathematical relations learnt in this unit.
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; forms of ene
ormations into other f ray, cal
i teenth-century engineers who built ¢
were used to power trains, factorjes

The study of heat tra
thermadynamics, began with the eigh
steam engines. These steam engines

Revolution. Although the study of thermodynamics began in the eighteep

century, it was not until around 1900 that the concepts of thermodynamics Wiy

linked to the motions of atoms and molecules in solids, liquids, and gases,
Today, the concepts of thermodynamics are widely used in vy

thermodynamics to continually develop higher ,Derforman:ce |"ef|.-|gmaltm_5
automobile engines, aircraft engines, and numerous other machines, 4

81 TEMPERATURE. s :
Temperature is a concept we all understand from experience, Even as
small children we learn to perceive hotness and coldness of objects, we hear

weather forecasters tell us that the temperature will be 32 “C today. We hear
doctors tell us that our body temperature is 98.6 'F. We know -from G eneral

leq
© first

- ; » ang
water pumps for coal mines, and thus they contributed greatly to the Industriy

; I'qug'
applications that involve heat and temperdture. Engineers use the laws-'qf

ey mal Propartesiof Mt

such as helium, the atoms move around, randomly

noatomic gas), :
idi wiirtnn;:ch other and the walls of the container. So eac!':l att:::;h5 hﬁt;ntrne
com:;:t?i'unal kinetic energy. However, if the gas is made up of molecu WO
tran

stretch, contract and spin, so t?wese
o E:Li;: ;Tsrg?aiiﬁﬁfuﬁ?n:x energy called vibrational and rotational
mo
ik E:‘I::r:vglas rnol.ec‘u les in a liquid are free to move, but within the confine§ of
e surface of ti;e liquid. There is some attraction between molecules, which
i there is some energy stored as molecules approach each other.
il In a solid, atoms jiggle rather than move around. They have kinetic energy,
put they also have a lot of potential energy stored in the strong attractive force
that holds the atoms together. ' B
Temperature is a measure of the average kinetic energy of particles. ks
other contributions to the internal energy do I'.H:lt affet_:t thg tempe;atu:aeéi -
kinetic energy may be in the form of translational, vibrational and rotatio

single atom

kinetic energy. As atoms or molecules of the material are in constant mntic:n, at
Y, that high temperatures the kinetic energy of molecules is more and at lower
essofa temperatures it is less.

1 As atoms or
molecules of the material
are in constant motion, at
high temperatures the
kinetic energy of
molecules increases. The
monoatomic gas is shown -
in the figure B.1 which | (ayThe low average kinetic
only have translational | energy of the particles
kinetic energy, at- high
temperature the increase in translational kinetic energy is observed.

Science for class 8, chapter 9: SOURCES AND EFFECTS OF HEAT ENERG
temperature is defined as ‘the measure of the degree of hotness or coldn
body with respect to some standard’,

Temperature is measured in i

°F, and K. Here we would
understanding of extend our
temperature on the

i
basis of kinetic '
molecular description, §
According to this
theory atoms and
molecules are in
continuous random
motion. According to

this theory, the [ = —a—
temperature can also Dectt Valey, Callformia; The

j the temperature of the
gas, increases when energy
is added to the gas

hottest py The Antarctic: During the :
88 defined as: ‘The PR e 0] continuous darkness of mid- Take some water in a kettle and place it on a flame. The water gradually
SYo ee Kiustic i tm?:mm reachto  winter, the temperature here becomes warmer and eventually starts boiling. How does it happen? In fact, the
e;r Efd 0 melacules il can be as low as -87°C. temperature of the flame is much higher than that of the kettle and the water.
ora ',

Something must have transferred from the hot flame to tl'}e c.?lt_i water. In general
temperature of any object can be raised (heated) by placing it in thermal contact
with another hotter object.

with the motion of the atoms o;r::é ihe kinetic and potential ener giés associated For example, Water in a kettle can be heated by placing it on flame. The
. earth is heated by the hot sun as thermal contact.

ubstance, For example, in a gas made up of

e — ) -

Internal Energy and Temperature:
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It is evident from these examples that in the
process of raising the temperature of a body
something must have flown from the hotter

bady to the colder body. This something which
flows from the hotter body to the colder body
till the temperatures of the two bodies
become equal is called heat. Thus we can
define heat as,

Heat is thermal energy transferred
from a hotter body to a colder body. When two
objects with different temperatures are
placed in thermal contact, the temperature of
the warmer object decreases while the
temperature of the cooler object increases. With time.th

L T 3 -they reach a
equllhbrlum temperature (thermal equilibrium) somewhere in hetwe::.mt?:m
initial temperatures. During this process, we say that energy is transferred 1 o
the warmer object to the cooler one. . !
; The relation‘ship of heat to thermal energy is analogous to the relationshi
of work te mechanical energy we studied in Chapter 6.The symbol Q is used tup
r‘Epl:Eserlt the amount of energy transferred by heat between a system and its

environment. As heat (like work) is a measur i
S e of the transfer of energy, its 5/ unit
Distinguishing Temperature, Heat, and Internal Energy:

- Using the kmet:_c theory, we can make a clear distinction between

perature._healt, and internal energy. Temperature (in kelvins) is a measure of
the average kinetic energy of individual molecules. Internal energy refers to the
t?t.al energy of all the molecules within the object. Thus two equal-mass hot ingots
!Jtlron may have the same temperature, but two of them have twice as much
in _emal energy as one does. Heat, finally, refers to a transfer of energy from oné
abject to another because of a dif ference in temperature

warm
substance to the cooler.er

e e e

T : .

& hutnz::i‘i:;a:&r: ezgul;:' be Measured in a simple way by using our hand to sensé

hand can bear is very zmaailobje;t' However, the range of temperatures that our
» and ou i y

temperature correctly. rhand is not precise enough to measuré

Tem ;
a wide variiet;atol-;'r?]:e? vl to‘f’aY'S industrial environment encompasses.
s and applications. To meet this wide array of n 5
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TierinellFropeyiies o
inventors has developed a large number of sensors and devices to handle this
demand. The branch of physics which deals with the measurements of

lled thermometry. For scientific work, we need some reliable

temperature is ca .
device or instrument to measure temperature accurately. Such an instrument 15

called thermometer.
ACTIVITY TEMPERATURE SENSE CAN BE DECEPTIVE

Try an experiment at home, fill one container
with water that is hot (but not too hot to touch);
fll a second container with lukewarm water;
and fill a third container with cold water. Put
one hand in the hot water and one in the cold
water for about 10 to 20 s. Then plunge both
hands into the container of lukewarm water.
Although both hands are now immersed in water

that is at a single temperature, the hand that
had been in the hot water feels cool while the hand that had been »in the cold

water feels warm. This demonstration shows that we cannat trust our subjective

senses to measure temperature.,

853110 THERMOMETRIC PROPERTY.
In order to construct a thermometer, we make use
of a certain physical property of matter that increases or
decreases uniformly with rise and fall in temperature. This
particular property of a substance that increases and
decreases uniformly with temperature and can be used for
the measurement of temperature is called thermometric

property. Some examples of thermometric properties :
include the volume of a liquid, length of a solid, gas ’-E
105

3

2

pressure, electrical resistance and electromotive force.
The commonly used thermometric property is the
thermal expansion of materials. This property make use of -
the fact that matter (solid, liquid or gas) expands on
heating and contracts on cooling. Thus the degree of

X =2
expansion or contraction of matter can be calibrated on ; _
suitable scale to record temperature, The most common of —

these devices is the liquid in glass thermometer.
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The Liquid in Glass thermometer
utilizes the variation in volume of 2
liquid in temperature. They use
the fact that most fluids expand on
heating. The fluid is contained in a
sealed glass bulb, and its
expansion is measured using a
scale etched in the stem of the
thermometer If we consider that
the thermometer does not expand
then as physical property it utilizes
the variation of length of liquid
with temperature. In this type the
liquid in a glass bulb expands up a
capillary tube when the bulb is

FTHERMOMETERS

T
°
&

heated. The liquid must be easily Liquid
seen and must expand (or 4 thercury)
contract) rapidly and by a large =

Icu. triction

amci.nt over a wide range of
temperature. It must not stick to
the inside of the tube or the
reading will be too high when the

Suly

temperature is falling. Liquids
commonly used include Mercury
and Alcohol. Different
Thermometers are shown in the
figure 8.3,

A. Mercury B, Mercury (clinical) C. Alcohol
Thermometer  Thermometer Thermometer

8.3.2 TEMPERATURESCALESE
l‘EmpeI:tEu :é:ale [whfch is made for the measurement of temperature is called
ks it digﬂ e or thermometric scale. The scale comprises of two reference
e The: 2 u’;‘:% Elx:‘::sm;é"ﬂﬁ Pa_lf_?‘ts are given arbitrarily assigned numerical
. cible, i iote fe i
arbitrarily into equal divisions. ™ T tanl berwen tede points T3 divided
n There are three scales of mFDRMATION
- -
i dlt.lerature which are commonly mﬁiﬁg;:de scale and Fahrenheit scale are the
modified form of kelvin scale. Centigrade scale
A, Centigrade or Celsius scale: | Used in laboratory for scientific lJugrpnse's and
This scale was introduced by fahrenheit scale is used for clinical pses to
: BY | meas PP
a Swedish astronomer Andark ure the temperature of patient.
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T}'}TJFI""‘J-‘L' Proper. L r:'j-‘ Meatier
the ice point marked as 0 “C and the steam

d pressure, The interval between these
Each division on the

uUnit- 8
this scale of temperature,
rked as 100 "C at standar
s divided into 100 equal parts (divisions).
degree centigrade or Celsius and denoted by “C.

celsius- In

xed point is M2
1:“'0 ﬁxed pﬂiﬂtﬂ i

scaleis called one
Fahrenheit Scale:
This scale was introd
i this scale of temperature,
marked as 212 *F. The interval b -
parts. Each part on the scale called one degree Fahrenheit
£, Kelvin or Absolute Scale:

This scale was devised by William Thomson, {Lord Kelvin). He named this
scale as absolute scale. In this scale of temperature, the ice points is marked as
273 K and the boiling point of water marked as Figure 8.4 COMPARISON
373 K. Thus the interval between them is divided : p
into 100 equal parts. Each part on the scale is
called one Kelvin and denoted by K.

The lowest temperature at which the
molecular movements of matter ceases is called
Kelvin Zero or absolute zero. Its magnitude on
the Celsius scale is -273° C. Kelvin scale is
adopted in the international system (S1 ) of

units. .

B33 RELIATIONSHIP: BETWEEN DIEFERENT
SCALES of Temperature

A temperature measured on one scale,
sometimes, needs conversion to another scale.
Let °C, °F and K, as measured on the three scales,
denote the same temperature, The length of the
mercury column in the capillary of the
thermometer is of fixed value. Degrees of
temperature are measured from the ice - point
which are respectively 0 *C, 32°F and 273 K. A general relation for the conversion

of temperature from one scale to the other is

uced by German physicist Daniel Gabriel Fahrenheit.
the ice point marked as 32 “F and the steam point is
between these points is divided into 180 equal
and isdenoted by “F.

Fahrenheit

Celsius

Temperature on one scale- ice point _ __ Temperature on other scale- ice point
number of divisions between fixed points  number of divisions between fixed points

T =T Tiws—T
or Scale | lee _ Seale b
5 > &l
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Fahrenheit agd Kelvin Scale,

Unit - g TheppaliE

Conversion Between centigrade an

Using the general relation we have
Toe=0 Top =32

100 180
Tog _Top 32
o 00 180
T, —32
ar T"'C :100%[ 180
100
or Toc = 1-55{Ta, -32)

therefore T.. = gx[T.,F -32)

d Fahrenheit scale

i)

or  Top=iTi32 —EES

Conversion Between Centigrade and Kelvin scale

Using the general relation we have

T.-0_ T-273
100 100

therefore Tnc =

T -273 — (8%

or Ty =Top +273

How would we
convert °F into K?

Example 8.1 @ﬁ_t_g 0

The temperature of a normal huma

AN BODYTENPERATURESESE

e

n body is 37°C. Find this temperature on the

GIVEN:

A2} Celsius Temperature T.=37"C

8 To convert °C inta F, we use Ty = 52'-".rc +32

9
Top =2x37°C+32°¢

o Tor = 66.6°C + 32°¢
therefore T.r = 98.6°

REQUIRED:

Fahrenheit Temperature T.,=?
Kelvin Temperature T, = ?
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thus 37°C=98.6"F
To convert *Cinto K, we use T, =T, + 273
putting values Ty =37°C+273°C
therefore T =310°C

thus  37°C=310Kk — Rl

KELVIN SCALE

Temperature of an object is 250 K. Find its temperature in centigrade.
|

4 THERMALEXPANSION

Thermal expansion means ‘‘increase in size of a substance on heating ".
Most substances expand when heated and contract when cooled. However, the
amount of expansion or contraction varies, depending on the material, the changfs
in temperature and the original size of the substance. Thermal expansion is
different for different states e.g. solid, liquid or gas of the same substance. It is
experienced that gases expand more than liquids and liquids expand more than

solids.
84,1 THERMAL EXPANSION OF SOLIDS

A solid substanice can undergo three types of expansion : expansion in length
(linear thermal expansion), expansion in area (superficial thermal expansion) and
expansion in volume (volume or cubical thermal expansion). As the temperature of
a solid is raised, the molecules vibrate through larger distance. The increase in

-amplitude of vibration of molecules causes an increase in the average distance

between them. Hence Solids expand on heating. Conversely solids contract as the

temperature is lowered.

A, Linear Thermal Expansion of solids:

The increase in length of a substance due to rise in temperature is
called linear thermal expansion.

Consider a metal rod having an original length ‘l,’, at temperature ‘T,’.
After heating metal rod to temperature ‘T’, the rod expand to its new length ‘L, as
shown in the figure 8.5. This means for the change in temperature AT (where AT =T
E T.;_}.there is corresponding change in length Al (where Al = , - |;). Experiments
indicate that the change in length Al of almost all solids is, to a good
approximation, directly proportional to the change in temperature AT as long as is
not too large. This means by changing temperature the length also change, more
the change in temperature more is the change in length and vice versa.

Al o AT
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The change in length Al is also
Proportional to the original length |,
of the object, That is, for the same
temperature increase, a 4-m-long
iron rod will increase in length twice
as much as a 2-m-long iron rod. We
can write this proportionality as an

equation:
el G

combining equation 1 and equation 2 we get
Mo, AT
changing proportionality into equality

Al=ol, AT —m

where ‘a’ the proportionality constant, is called the coefficie
thermal expansion for the particular material and has units of

L nt of linear
C'andinSlask",

since Al = [, - I, we can write the above equation as

‘!T _Iﬂ =0 to JﬁT
taking |, common

lr =ty +a i, AT

therefore  {; =l(1+a AT) St

If the temperature change AT = T - T, is negative, then Al = [, - |, is also
negative; the length shortens as the temperatu

re decreases.

From equation 8.6, we can
of a substance as the increase inl
risein temperature.

define coefficient of linear thermal expansiona
ength per unit length of the solid per Kelvin 'K’

ol -
CThaT

) In simple words, a is numerically the increase in 1 m long wire for 1 degree
rise of temperature. The val

; value of a depends upon the nature of material, the
values of coefficients of linear thermal expansion (a) for different materials are
givenin the table 8.2. :
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%3 BRIDGE ENGINEERING

'K i long at 20°C. If the
= 12 »10* K") bed of a suspension bridge is 200 m loné s
The sf:lg{; t:amperature to which it might be exposed are -5°C to 50

muchwillit contract and expand?
EM REQUIRED:

GIVEN: =
: original lengthl,=200m ' (a) Change in length Al ?
(o] coefficient of linear thermal expansion (b) Change in length Al,=?
o o =12x10°K"

a i L]
Wl peference Temperature T, = 20°C
'l Temperature T, =-5"C
l| Temperature T, =50"C

' T T 5
2 decreases to -5 *C the change in temperature AT, =T,
temperature : .

N !j'a}::“;:?E - zu?c = - 25°C, since the change in temperature is same in Celsius

(‘C) and Kelvin scale (K). Therefore - 25°C = - 25 K. The linear thermal
expansion is given by
Aly=al, ATy
putting values Al =12x10° K %x200mx=(-25K)
or Al =-6x10"m

therefore Al =—6cm —m

i * in temperature AT,=T,-T,*
b) When temperature increases to 50 °C change _ ‘ J
E.iﬂ}"c -20°C =p§0'c, since the change in temperatyre is same in Celsius-( C
and Kelvin scale (K). Therefore 30°C = 30 K. The linear thermal expansion i

iven by
: ﬂl'.z = fa ﬂTz

putting values Al, =12x10° K" x200m=30K
Al =7.2%10% m

therefore Al =7.2cm —m

The total range the expansion joints must accommodate is 7.2 cm + 6 cm
13.2em

R LD COEFFICIENT OF LINEAR THERMAL EXPANSION

i i isheated from8 "Ct
rtain metal is 60 cm. When the bar is _ ‘Ct
.:Eg l?ggtiht: fl::gatrholiiumes 60.127 cm. Calculate the coefﬂnen; of linez

thermal expansion of the metal.

207

ﬂL———



Unit - g Therials P’*”P‘Efﬂl&of’ aticr

Volume (cubical) thermal expansion of solids
-

The increase in volume of a substance due to rise in temperature is ¢y
volume thermal expansion. ' o

‘Consider a metal block having an original volume *V,’, at temperatyrg o7 ,
After heating metal block to temperature ‘T’, the block expand to its new yo|, - |
V" as shown in the figure 8.6. This means for the change in temperat, )
(where AT =T-T,) there is corresponding change in volume AV (where Ay = y T,- ?T

The increase in volume of a metal block, on heating,

: T is dire
proportional to original volume of the metal block and rise in te ety

Mperatyre,

Mathematically,
AV c AT and AV =V,
combining these proportionalities, we get

AV o« V, AT
changing proportionality into equality
AV =y V, AT 89

where 'y’ the proportionality constant, is
called the coefficient of volume thermal expansion
for the particular material and has units of °C" and
inSlasK”.

since AV =V, - V, we can write the above
equation as '

Vi =V, =y V,AT
taking V, common V=V, +y V, AT
therefore Vy =V,(1+y AT) —

From equation 8.9, we can define
coefficient of volume thermal expansion ( v ) of a
substance as the change in volume per unit volume
per kelvin change in temperature.

Y
Y“Yar (2

This is a general rule for solids that they
expand to the same extent in all three directions. It
can be proved that the coefficient of volume
thermal expansion of solids y is about three times

Volume thermal
expansion for cubical
|' object

Figure 8.6

General Science for class
8, chapter 9: SOURCES AND
EFFECTS OF HEAT ENERGY,
Thermal expansion of

i solids, liquids and gases.

We also learned important
applications of thermal
expansion, we used
bimetallic strip for fire
alarms and automatized
switching of electric iron.
Also the effects of thermal
expansion in daily life were

discussed.
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the coefficient of linear thermal expansion a of solids
The values of coefficients of volume thermal expansion y for different

substances are given in the table 8.2, which is approximately three times the
coefficient of linear thermal expansion a. a

% TABLE 8.2: THERMAL EXPANSION COEFFI

CIENTS AT 20°C

- Coefficient of linear Coefficient of volum?
expansiona  (‘C"orK') | expansiony ('C’ or K')
Solids

I T Aluminum i |
- Brass | 19.x 10* | 57 10*

Copper 17 = 10* . 51 = 10°
l, Iron or Steel 12 = 10° 35 % 10° 1
| Lead 29 x 10 87 x 10°* |

Concrete, Brick

. halchul , 1100 = 10°
Petrol - | 950 = 10°
Mercury = 180 x 10
Water y ; 210 % 10°
Air and most other gases . | 3400 = 10°
at atmospheric pressure 1 |

L
about, suppose that the solid has the

elengthof eachside isL, and treatin
tinthe volumeL'is

To see how this relationship comes

shape of a cube of side L. The increment in _t‘n
this as a small (infinitesimal) quantity, the incremen
AV =a(L)® =3UAL

AV =3 xa LAT
i AV =3P AT

therefore AV =3a VAT
t for AV with Equation 8.9, wesee thaty =3a.
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If vou:eal: a thin, circular ring in the
oven, does the ring's hole get la )
smaller? L
If you guessed that the metal expands
into the hole, making the hole smaller,

it is not so. Imagine the ring is solid
like a cain. i

Draw a circl Pface ot

o rnate:.'l l[a ;.'m it witha penas s_hnwn. When the metal expands, Ping-Pong pgy in
i ‘a nside the c:n:le.w'lll expand along with the rest of | | boiling water

e metal; so the dashed circle expands. Cutting the metal you'll rerflov' Bnu:
L=

where the circle is shows that the hole in Fi i
e e in Figure a increases in| | dent Why?

Example 8.3 MBS FSZ:E 3 ¢NNS o]
The active element of a certain laseris mad
2 e of a glass rod 30,
g?:']f‘r;gg\;aaitﬁseeﬁé Sglxt 109’ 0"{1;. 1505}1215- t:1e average :uegff i:ist‘ll;t 0f3 ﬂnﬁﬂlﬁgrﬁﬂd
€ 0 9.00 x . If the temperat 4
65.0°C, what is the increase in (a]ftslengthand‘{):} itsu:glgrfnte}-iﬁe Lo MeTewly

REQUIRED:

| Original Volume V,=5.30x 10" m’ o R 1:“ o AL~

| Coefficient of linear thermal expansion RRSTREEE M e
| a=9x10°K" ' |

change in temperature AT = 65.0°C = 65 K

‘o)l (a) The linear thermal expansion is given by Al=al AT
y e =

putting values Al =9.00 x10® K" «0.300 m= 65K
| therefore  Al=1.76 10" m —ENnam

. (b) The Volume thermal expansion is given by AV = vV, AT
Since y = 3q, therefore AV = 3 V, AT

putting values AV =3x9.00 x10° K*' x5.30% 10 m® x 65K
therefore AV =93.0 x10° m’ — (TNl
CHANGE N VOLUME OF ILEAD

A200 cm’ piece of lead (y = 87 x 10°K") is a i :
t10°C. If of
40°C, find the change in volume of the lead. HiEMS R tep R

Assignment 8.3

210

Like solids, liguids also expand on heating and contract on cooling, Aliquid
has no definite length and surface area; therefore, we cannot consider the linear
expansion or superficial expansion of a liquid.

But liquids always take up the shape of the containing vessels. Therefarein
case of liquids we are concerned only with volume changes when they are heated.
The increase in the volume of a liquid due to the thermal effect of heating is called
thermal expansion of liquids. Since heat effects both the liquid and the container
the real expansion of a liquid cannot be detected directly. In case of liquids, we
have two kinds of thermal expansion: the apparent expansion and the real
expansion.

A, Real expansion of liguid:

Areal increase in the volume of a liquid, that takes place due to increase of
temperature is called real expansion V, of liquid, This expansion is independent of
the expansion of the container.

g, Apparent expansion of liguid:

An apparent increase in the volume of a liquid, that takes place due to
increase of temperature is called apparent expansion ¥, of liquid.

When a liquid is |Figure 8.7 BLEAMCACE RZGERED L SISk
taken in a container and
heated, both the liquid
and the container expand
at same time. The
difference of these
expansions 2 called
apparent expansion. If V,
is the expansion in the
volume of the liquid
{called real expansion) —
and V_ is the expansion in Before Vessel Real

the volume of the Heating Expansion Expansion
container on heating then «———— After Heating ——
the apparent expansion

V,isgivenbyas; -

Vn_ =VH_VC —_m

up to level A. If heat is applied, the vessel will first
llusion that the water has fallen. This is due to the

Let a vessel has water
expand which will produce an i
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eXpansion of the vessel and is given by the measurement of the diffe
twolevelsi.e, A, rence of the

If heating is further done, heat energy will start reachin
ll'qur'dlwﬂl then start expanding rapidly, according to its nature,
Previous level, to reach up to level C. So the measurement of g
{reat} expansion of the liquid only. d
An observer present at the start and at the end will see th

Just the expansion of the liquid from A to C. So AC measu
expansion of the

body, Mathematically,

€ the liquig,
ex:eedfng its
C gives the true

e whole éﬂ'ﬁude as
res the apparent

BC = AC + AB

Thermal Properfies of Matier

temperature. This peculiar behaviour of water is called anoma;:u:; :mf:;:::n h::
water. Due to the formation of more number of hydrogen bonds,

lous expansion.
e As the temperature increases from0°C to 4" C, the density increases anc||1 as
the temperature further increases the density decreases. Hence w::sr ‘:;
maximum density at 4°C.This is why ice floats on water, we can see this when
put ice cubes in water to cool it or icebergs floating in ocean.

: Y
Example 8.4 Rein STt

[ ' An ol trucker loaded 37,000 L of diesel fuel with y = 9.5 x10° K" at ;:fk“b:::fé l|
Or, Real Expansion of liquid = Apparent Expansion of liquid + Vesse| Expansign where on hot day the temperature is 50° C. This oil s transported to Kalam '
Since there are two different types of expa

, nsion of liquids, their
coefficients of expansion should also be defined differently.

. Coefficient of Real Expansion 'y,':

It is defined as the real increase on volume of |
volume per unit degree rise in temperature, |t is defined as:

on cold day the temperature is 0" C. What is the change in volume of diesel? How
many liters did he deliver?

&l civen: REQUIRED:

Hai| Original volume V,=37000L {a) Changein v.?:-lurne AV ,??
5] Coefficient of volume thermal expansion {b) Volume Delivered V=7

Wl y=9.5x10"K"

5l Changein Temperature AT=0"C -50°C=-50"C=-50K

t; (a) The volume of the diesel fﬁel depends directly on the temperature. Thus,
” because the temperature decreased, the volume of the fuel also decrease.

iquid per unit original

| - real increase in volume
original volume x rise in temperature @

Its unit is per degree rise in temperaturei.e. "C" or K",
Coefficient of Apparent Expansion ‘y,";

0.

It is defined as the apparent increase in volume of lj

quid per unit 'uriginal
volume per unit degreerise in temperature,

The volume thermal expansion is given by
AV =y V AT

putting values AV =9.5x107* K" «37000L x—50K

therefore AV =-1757.5L=-1760L

_ apparent increase in volume
A= _-_—_'_'_“_‘—-—-——— =
original volume xrise in temperature m

Its unit is per degree rise in temperaturei.e, °C" orK*,
E. Anomalous Expansion of Water-

(b) A decrease in 1760 liters is observed and the
amount delivered was

Vp =V, +AV = 37000L 1760 L

therefore Vp =35240L —NEl

ssignment_ W CHANGE IN VOLUME OF PATROL |

If patrol at 0 °C occupies 250 Liters. What is its volume at 50 °C? For patrol take
¥=9.6x10"K".

Liquids expand on heating except

water between 0°C and 4°C, Water is

unusual in its expansion characteristics,

When water at 0°C is heated, its volume i
decreases upto 4'C and from 4°C jts |
volume increases with the increase of |
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. Transmission Lines:
Transmission lines i
s in the summer sag mo
compared to winter. Sy
D, Shrink-fit

ni.trogen at -196 o¢ until
slipped on to them, On rega
the axles expand to giveave

B AR PLICATIONS AND LS EXPANS O
S Thermal expansion is used in our daily life. In thermometer
have seen the use of thermal expansion to measure temperature,

A Rallway lines: ) )
When railway tracks are laid the engineers
|eave a small gap between two rails as show_n in figure
A If two railway tracks are laid together without any
gap between them they will push against each c—the_r
when they expand with the rise of temperature. This
may cause them to bend as shown in figure B or tracks
may also break free from one another. Such a situation
will result in the derailment of the trains causing major
accidents and loss of lives. .
So, the railway engineers always leave a small
gap between two rails to compensate for the
expansion of the rails during the hot summer and
contraction during cold winter.

B. Opening a tight jar lid:
When the lid of a glass jar is too tight to open,
holding the lid under hot water for a short time will
often make it easier to open. The top expands before
the heat reaches the bottle. But even if not, metals

generally expand more than glass for the same
temperature change (a is greater)

g’ of axles into gear wheels:

The axles have been shrunk by cooling in liquid

the gear wheels can be

iniqg normal temperature
Ty tight fit,

E. Expand fitting’ iron ring to a cart wheel: el

An iron ring can be tightly fixed into the E
wooden wheel of a Tonga. At room temperature, the -
diameter of the iron ring is slightly less than the
diameter of the wooden wheel. The ring expands on
heating and can be placed around the wooden wheel.
When the ring comes to' room temperature, it
contracts and produces a tight fit.

F. Expansion Joints:

Most large bridges include expansion joints,
which look rather like two metal combs facing one
another, their teeth interlocking. When heat causes
the bridge to expand during the sunlight hours o_f ahot
day, the two sides of the expansion joint move toward
one another; then, as the bridge cools down after
dark, they begin gradually to retract. Thus the bridge
has a built-in safety zone; otherwise, it would have no
room for expansion or contraction in response to
temperature changes.

G. Bimetallic Strip:

A bimetallic strip is used to convert a
temperature change into mechanical displacement.
The strip consists of two strips of different metals p==gSFEEs = -
which expand at different rates as they are heated. | When the thin bimetal strip is
When their temperature increases, the unequal |:‘J§a‘eu‘; :xb::;;nb:f;“'i:;
amounts of expansion causes the bimetallic strip to lm:tgls, H;e brass expands

bend as shown in Figure. | more than steel when heated,
For example if equal lengths of two different making the strip bend toward

Y : § the steel side.
metals, such as copper and iron, are riveted together | shestmel skde

so that they cannot move separately, they form a i

bimetallic strip. When heated, copper expands more sbalocevestion
than iron and to allow this the strip bends with copper i
on the outside. If they had expanded equally, the strip b after heating
would have stayed straight. Bimetallic strips have v
many uses, like fire alarm and thermostat.
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B.5 1 HEAT CAPACITYAND SPECIFICHEAT.CAPACITY
When a substance absorbs heat its temperature rises. Cclnver;e{y W
substance loses heat, its temperature decreases. EXperiments shoy rp S
thermal' response of different materials to heat absorption is differg,
examplé water requires a lot of heat to change its temperature while F
requires less heat to change its temperature. A massive body requires mq Silvay
energy to raise its temperature to a certain value than a lighter body of ¢ Bat
material. ’ i hﬁ‘same
3L HEAT CAPACIEY FHERMAL CAPACITY) i i
The quantity of heat required to raise the temperature of a <
. f as 3
mass (m) by 1°Cor 1 K is called the heat capacity (c_) of that substance ubstance of
IfAQis thech inh ' ; ;
‘ ange in heat and AT is the change in temperature, thep,

AQ
Ciy == e
AT

The value of 'c, ' depends upon

1. The r_:-al:ure of the material of the substance.
2 The mass of the material of the substance.
3. The rise in temperature.
In the Standard international S i
] ¥ t -
EI\fln which is expressedas J K ', e et et A doule o

If we take equal aa i :
unts of diffy
and water. Heat them for a giv erent substances for example copper, iron

n interval of time under the same flame so that

T4 -1.{'1’ d Propit s of Matiey

I e LE S TABLE 8.3: SPECIFIC HEATSOF

The 5.l

capacity or specific heat is joule per VARIOUS SUBSTANCES
- logram per Kelvin which is expressed as | oo o1 specific heat
JH’B-IKJ' : ) Jkg-1K‘1
pifferent substances pave > 10
sifferent specific heat. The guantity of Auminem
heat needed also depends on the nature | Copper 387
of the material; Iraising the temperature Glass 340
of 1 kilogram of water by 1 K (10
~equires 4190 J of heat, but only 910 J is l Gold _ 129
needed to raise the temperature of 1 Iron/ steel 452
kilogram of aluminum by 1 K (1 *C). The | Lead 128 !
specific heat of water at 15 "C is 4190 J , |
kg ' K . No other substance has 2 high Silver 230
specific heat capacity and it has natural | Wood 1700
i ining life on the planet -
penefits in sustaimng p q Fthandl A%
2
. o : |
F{MPORTANCE OF THE HIGH Glycerin | 2410
PECIFIC HEAT CAPACITYSD T—— k 139
e ' il Water ! 4190 |
The specific heat capacity of = - ! e {
water is equal to 4190 J kg" K'. It has Air 1 |
some important implications. | Carbon dioxide 638 |
i lagderate climate of sea shore: | Oxygen 651 5
The specific heat of sand is about ll Steam (100°C) 1520

800 J kg' K'about. Acertain mass of water
needs five times more heat than the same !
mass of soil for its temperature to rise by 1 °C or 1 K. Hence, the land gets heated
much more easily then water. Also, it cools down much easily. Hence, a large
difference in temperature is formed that gives rise to land breeze and sea breeze.
It keeps the climate of the coastal areas moderate. Monsoon in Pakistan is also due
to the difference in temperature between the land and the surrounding sea.

B. As 2 coolant:

Water is used as a effective coolant. By allowing water to flow in radiator
pipes of the vehicles, heat energy form such parts is removed. Thus, water
extracts much heat without much rise in temperature.
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INFORMATION

These two blocks of metal (aluminum on the left and
lead on the right) have equal volumes. In addition, they
were heated to equal temperatures before being
placed on the block of paraffin wax, Notice, however,
that the aluminum melted more wax—and hence gave
off more heat—even though the lead block s about 4
times heavier than the aluminum block. The reason is
that lead has a very small specific heat; in fact, lead’s
specific heat is about 7 times smaller than the specific
heat of aluminum. As a result, even this relatively large
mass of lead melts considerably less wax per degree of
temperature change than the lightweight aluminum.

How much heat is required to increase the temperature of 0.5 kg of water (with
specific heat capacity of 4190 J kg 'K ') from 10°Cto65°C?2. :

3 GIVEN: ' REQUIRED:
Heat required, AQ =7

1 Initial temperature T, =10°C
Final temperature T=65°C
Rise in temperature AT=T-T,=65°C-10°C=55C=55K
| Specific heat of water c = 4190 Jkg'K' -
The specific heat capacity is given by

. S

mAT
or AQ =cmAT

putting values  AQ = 4190 Jkg 'K x 0,5 kg x50 K
therefore  AQ =104750) —{NEEd
| sl WU SR SPECIFIC HEAT OF SILVER

If 1 17.60 J of heat is required to ra
JS_D C. Calculate the specific heat o

ise the temperature of 10 g of silver through
fsilver,

To find spec#ﬁca b i .
¥ method
containers of negligible heat ::ar.:aglftz.':.1 e P AN a8

A substance usually undergoes a
change in temperature with transfer of
energy (heat). In some cases, however,
he transfer of energy doesn't resultina | As a thermometer COMES into
change in temperature. This can occur | thermal equ!l.ibr-._urn with an
when the physical characteristics of the | object, the cbject’s temperaturr:
substance change from one form toanother, | changes slightly. In most casis th <
commonly referred to as a phase change. | objectisso massive cumpareb m:'s
come COMMOn phase changes are SC-.lid to | the thermometer thatr'fhe o jeeci :
tiquid (melting), liquid to gas (hml_ing?, :E m n?ff r ﬁtt ure chang
liquid to solid {freezing) and gas to liquid | nsignihicant.
{condensation).
Energy used to cause a phase change does not cause 2 temperature changa:.
when ice melts at 0 °C it becomes water at 0 °C; when water boils at 100 °C, 'Et
becbmes steam at 100°C. The same is true in reverse: When water at 0°C freezesit
becames ice at 0°C; whensteam at 100°C condenses it becomes water at 100°C
The heat required to change the physical state of a substance (solidinto a

liquid ar vapour, or a liquid into a vapour) but does not change its temperature is
called latent heat of that substance.
' {ATENT HEATOFEUSION z
The amount of heat energy required to convert a given mass of asubstance
from the solid state to the liquid state (melt) with out any rise in temperature is
called its latent heat of fusion. Liquids release the same amount of heat when
they solidify (freeze).
Specific latent heat of fusion:

~ The amount of heat energy required to convert unit mass {one kilogram)
of the solid at its melting point to liquid, (or liquid into solid) with out any
change in temperature is called its specific latent heat of fusion of the solid. |¥
‘AQ’ is the amount of heat energy needed to melt mass ‘m’ of a solid to liquid
{or freeze liquid to solid), then mathematically -
AQ = mL!

Where L, is the latent heat of fusion of substance and is given as
iQ___
m
The S.1. unit of specific latent heat of fusion is joule per kilogram which is
expressed as J kg '. Different substances have different specific latent heat of

fusion.
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|* Tomeasure specific heat of fusion of ice.

8.6.2' LATENT HEAT OF VAPO o eanert 2 given m?sstaf a"-"*-‘*i.tan.;e
y requ “+h put any rise in temperatyre
T“_'-‘a!“cumﬂ: “f:; :::ergusstate {bofl:nﬂl::‘ase the same amount of he;t
from thehlq:.tnd:t:;itz : “mﬁm. o Gases re
called its laten
when they Liquify (condense). s
i tof vaporiza : .
specific latent hea ¢ heat energy required t0 convert ril;;t Stahsi Lnénaenf;ﬂ:g:‘mj .
. Tx?r;gumn;ﬂmg paint 19 g% ((ERF ;nw ::Ti';atfan of the solid, If * f&,:“
ki is called its specific latent heat of vap T af & it & .
temperature is called its sp rize mass ‘m’ of a liquid to gas (g
the amount of heat energy needed to m!.fa
condense gas to liquid), then mathematicalty
AQ =ml,

Where L, is the latent heat of vaporization, such that

AQ
b=y _ -
The S.I. unit of specific latent heat of vaporization is joule per kilogram

which is expressed as J kg '. Different substances have different specific latent
heat of vaporization.

8.6,3) EXPERIMENT FORICE - WARERPHASE CHANGE AND TEMPERATURE -TiME
GRAPH ON HEATING ICE" NSt

Take a beaker and place it over a stand. Put small pieces of ice in the

beaker and suspend a thermometer in the beaker to measure the temperature,
Place a burner under the beaker. The ice will start melting. The temperature of

the mixture containing ice and water will not increase above 0°C until all the ice
melts. Note the time which the ice takes to melt completely into water at 0°C.
Continue heating the water at 0°C in the beaker. Its temperature will start to
increase. Note the time which the water in the beaker takes to reach its boiling
pointat 100°C.

Draw a temperature-time graph such as shown in figure, From the graph we

can see that at curve ‘AB’, even we were providing heat to the ice water mixture

but the temperature remained constant at 0 *C. At point B, all the ice has melted
to form water.

LAB WORK

* Todraw graph between tem
perature and i
water and then to steam by s|oy heating s wh_en s

Unit - 8

Tiermal Propeyiuts of Maties:

FPRTY XD ICE WATER PHASE CHANGE
. T ture (T

= Thermometer 120} omPeEtvre (M i
Stand 100+
80T
beaker o
ice + water 404
: 20+

at0°C : A : T+m§ :E)

. ._201; 100 zm:m 400 500 {am
Melting Boiling
burner
e

Now, on heating beyond point ‘B’

; , the temperature of water started rising
as shown by the slope line ‘BC’ in the graph. Since the heat absorbed during the

change of state of a substance does not raise its temperature, it is called latent

heat or hidden heat. The graph also
shows when water is boiling and
changing into steam, the temperature
remains constant at 100 " C though heat

- is being given continuously to water.

This heat which is going into water but
not increasing its temperature is the

energy required to convert the water -

from the liquid state to the vapor state.
Since this heat does not show its
presence by producing a rise in
temperature, it is called latent heat of
vaporization of water, Let us look, for
example, that how much energy is
needed to melt a kilogram of ice at 0°C
to produce a kilogram of water at 0°C.

Figure 8.9
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1000- 2000 3

o
[ Mlaéiﬁg Vaporization
333 kJ/kg 2260 kJ/kg

Using the equation for a change in temperature and the value for water from Table
8.4, we find that Q =mL, = (1.0 kg)(334 kJ/kg) = 333 kJ is the energy to melt a
kilogram of ice. This is a lot of energy as it represents the same amount of energy
needed to raise the temperature of 1 kg of liquid water from 0°C to 79.8°C. Even
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water-lt would take 2260 kJ to change 1 kg of

aporize ospheric pressure) to ste,
bl Stk t‘l} :aﬂ?ng point e aft ITlra ghase change is enurm: ”
liquid water at th_e nurmal ows that the energy fo harkes WHIGUE & o, ug
compared to ene N .
e I f fusion for a given substance is dzflfere;!t f":'"l‘tthﬁ' latent
U 2 ues far meltin

I'The I;tzt:;:ahne:ctlrihat substance. Representative va g Point,

heat of vapo

latent heat of fusion, boiling point,
Table8.4." TS T
' TS O LSIDN ANDAPORIZATION -

n

RS T AR o8 'fﬂ%iiﬁj 5- i = A
t-‘ — Jﬂ;:j{? ' ﬁ:.;'t_:znt Heat of | Boiling Point|  Latent Heat of
n -
r Material | Point [.‘%, fusion (J/kg) ("C) Vaporization (J/kg)
|r 23 x 10° - 269 2.09 = 10¢
f Helium | -269.65 [ 3 :
[ oxygen | -21879 |  1.38xx10° -183 213x10°
J Water 0 f 333« x10° 100 2.26 x 10"
[ Merury |39 | 1.13xx10° 357 2.93 x 10°
f ‘ i
| Sulphur | 119 Jf 181xx10° | 445 3.26 x u:.1
| lead | 327 | 245xx10' | . 1750 8.70 x 10
Aluminum | 860 |  3.97xx10° | 2450 1.14 % 107
Copper | 1083 |  1.34x10° | 1187 5.06 x 10°
| siver | 961 | gazx10' | 2193 2.33 % 10'
Gold | 1063 |  6.44x10° | 2660 1.58 x 10°

S [ POINT 70 FONDER

! Why is a scald from steam
| often more serious than one
] from boiling water?
| Steam at 100°C contains more
thermal eneray than water.
_ = The difference is due to the
. ! latent heat of vaporization
Thhz :IE;'}EHF gallium has | fl which for water is quite high:
e | e e s o
o || a
°C hence it melts ever | "dCﬂﬂdEnses,aiargeamuunt

of energy is released i
causin
when placed on palm, more severe burps, | .

L A

kdenn nhvsic [X DATFS T 7018 8 lrﬁran’fm”‘iﬁm "

and latent heat of vaporization are listeg o

It is also possible for a substance to change
directly from a solid to a gas. This process is called
sublimation. For example, sublimation occurs when dry
ice, which is solid (frozen) carbon dioxide, changes
directly to gaseous carbon dioxide without passing

through the liquid state.

When a comet approaches the Sun, some of its
frozen carbon dioxide sublimates, helping to produce the

comet's visible tail.

The conversion between three different states of
matter (solid, liquid and gas) freezing, melting,
evaporating, condensing and subliming are shown in the

figure.,

® GIVEN: I REQUIRED:
Massoficem=1.3kg Heat required AQ = 7
| Initial temperature T, =- 10°C
Final temperature T=0°C
Temperature change AT=T-T,=0°C- (-10°C}=10°C=10K
| Specific heat forice c =2.2 x 10° J/kgK
| Latent heat of fusion for ice L =3.3 x 10° J/kg

£

i1 We first we will provide heat to increase the temperature of the ice from -10
| °Cto0°C (melting point).

AQy=cmAT

putting values  AQ; =2200Jkg K'x1.3kgx10K

therefore

AQ, =2.86x10* J




Priopes. fLEd: -‘.'"f Mot

r melting ice at 0 °C, such that

nd heat required fo
AQ; =|'T”—j' .
AQ; =1.3k8 %3.3%10° J/ke

Now we will fi

putting values P
therefore AQy =4.2%:
. hole process
t required for the w
Total heat req 0 A

AQ =2.86x10* J+4.29x10%J
aQ = 4.58x10° ) — (BN

ssignment 8.6 15\;&0MT‘NGWATER f 5
: 2.8 kgof water at 45 C*? (Latent b

the amount of heat for evaporating ! heat of
::;: ioation for water L, =2.3 x 10 J/kg a[:;r specific heat of 'water ¢ = 4190

J/keK).

putting values

ar

VAPORATIONOELIQUIDSE

We observed that water and other liquids start to boil if they are heated g
their boiling temperatures. The liquid starts to transform ihto vapours but the
change of liquids into vapours goes on even when the temperature is below the
boiling point. For example, Aspread wet cloth on being exposed to the air becomes
dry in a short time due to evaporation of water. Water left in an open-dish also
disappears due to evaporation. )

We know that the molecules of a liquid move with wide  range of
instantaneous velocities and they have different kinetic energies ranging from
minimum to a very high value. Some of the molecules, having sufficient kinetic
energy to overcome the forces of attraction, leave the surface of the liquid and
escape out in the form of vapour. We call this escaping of the high energy
molecules as evaporation, :

The pracess by which a liquid slowly changes into ‘its vapours at any
temperature (below its boiling point) without the aid of any external _ —
)

source of heat is called evaporation of liquids. Experiments have shown J 2
-4".
|

L sl

]

that evaporation of liquids depends on the following factors.
A. Nature of liquid:

Liquid with low boiling points évaporates more rapidly than b

those with higher boiling pi
oints, F. i '
alcohol is higher than thg tpofnw:telt'.} i T i e

-- ey SO

1k deoo ohuste X DATE'S.3.2018 A1 cotoR scan ser 1, A

B Temperature of liquid: s M‘ ;
pue to higher temperature; molecules of . ]
{iquid at the surface will have more kinetic energy = iy e
and chances of escaping will increase and .. —— !
aporation will be fast. This can be seen while —
:-:n‘;ng clothes. Under a hot iron wet clothesdry . = %"‘_‘

out quickly as the water evaporates quickly.
Temperature of surrounding:
The higher the temperature of the
surrounding, the higher is the rate of evaporation.

it is for this reason that wet clothes dry rapidly in
summer than in winter.

D. Presence of water vapour in Air:

The more the amount of water vapour 5

present in air, the less is the rate of evaporation. It 7

is for this reason that wet clothes dry slowly in | :
rainy season as a lot of water vapour are present in
the air. '

E. Area of the exposed surface of the liquid:

Increased surface area gives the molecules
a greater chance of escaping. Wet roads dry out
quickly because the rain water is spread over a
large area.

F. Movement of Air:

The more rapid the flow of air, the higher is
the rate of evaporation. It is for this reason that
wet clothes dry more rapid on a windy day
compared on a calm day. -

G. Dryness of Air;

Drier the air, the more rapid is the
evaporation. Presence of water vapour reduces

C.

the rate of evaporation. Desert room coolers are
more effective in cooling by evaporation in the dry
month of June than it is in the humid month of
August.
" H. Air pressure on the surface of the liquid:
The lower the pressure on the surface of the liquid, higher is the rate of

evaporation.
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RATION CALS rt from the i
molecules convel quid
When a liquid €Y Wmﬁ'tﬁ: surface. The process that drives jt ?:F;&;ﬁ
the vapar phase and Esc?ecu!e toleave the liquid sunface and escape as 3 vani: t
heat. norder for the MO EER, "eioce the molecule s taking heat with jt o
must take heat energy effect on the surface left behind. For example el
cooling srates. As a result, your palm feels mld-.‘w rit

leaving, this has 2 €O/ -
sptischon YO pallrv?:ﬂ; ethﬁr:nd spirit. Evaporation of water also :cter
tes much s effect of the evaporation of water if yoy sj¢ llnd;s

Ilin
ﬂfﬁﬁ]ﬁ:g;;;fmttfoc:es. gerspiraiiﬂﬂ in a human body helps to cool the body
and tomaintaina stable body temperature. : ) i
The kinetic theory explains the cooling caused by evaporation, Durip
evaparation, more energetic molecules escape fram-tl_-ne i_iquid surface, Molecyjgg
that remain in the liquid have lower kinetic energy. A liquid with molecules Of less
kinetic energy has a lower temperature. Thus evaporatiop produces cooling,
B.7i2) EVAPORATIONYSEUILING e MR
Vaporization (or vapourisation) of an element or compound is 3 phase
transition from the liquid phase to vapuor. There are two types of vaporization;
evaporation and boiling. : d
Evaporation is a phase change from the liquid phase to vapour that accurs
at temperatures below the boiling temperature at a given pressure. Evaporation
usually occurs on the surface. Boiling is a phase transition from the liqui A phase
gas phase that occurs at or above the boiling temperature. Boiling, as opposed to
evaporation, occurs below the surface.
Applications of Cooling by Evaporation:
A, Caooling by Fans:

% l:fe use fans T'I:I the hot season because the moving air increases the rate of
dl_xﬂ‘;’::d":a‘;’iﬁf‘fsplfaﬁrn from our bodies. Hence we get a cooling sensation. As
il perspiration helps in cooling the body and regulating its

B.  FeverControl:

Wet t i
because, as t:::l::aﬁf"e" on the forehead of a person running high fever. It is
evaporates, it takes heat from the head. Thus the

temperature of the head ins withi
suffer any brain damage, remains within the safe limits and the patient does not

C. Refrigeratar:

S

=

g rator is evaporation and compression:
226

There are six parts of arefrigerator. Figurs 8.10 3L

Heat exchanging pipes: refrigerant __§
These coils are present on the inside gas (vapour)
and the outside of the fridge , they carry the

refrigerant from one part of the fridge to
another.

y il Refrigerant.

This is the substance which
evaporates in the fridge causing freezing | refrigerant
temperatures. liquid
3 Expansion Valve:

The expansion valve which is made up of a thin copper coil reduces the
pressure on the liquid refrigerant.
4. Compressor:

1.

-

A compressor is a metal object which compresses the refrigerant thus
raising the pressure and in turn the temperature of the gas. =
B Condenser:

A condenser, condenses, that is, it converts the refrigerant into liquid
form, reducing its temperature.
6. Evaporator:
A evaporator absorbs the heat in the refrigerator with assistance of the
evaporating liquid refrigerant.
Working: ]
Refrigerator has a pipe that is partly inside a refrigerator and partly
uuts._ide it, and sealed so it is a continuous loop. The pipe is filled with a
refr!gerant. Inside the refrigerator, we make the pipe gradually get wider, so the
refrigerant expands and cool as it flowed through it. Qutside the refrigerator, we
have a pump (compressor) to compress the gas and release its heat. As the gas flow
round and round the loop, expanding when it is inside the refrigerator and
compressing when it is outside, it constantly pick up heat from the inside and carry
itto the outside, :
Refrigerant and Environmental Concern:
The cooling effect in many refrigerators is produced by the evaporation of
avolatile liquid (refrigerant) called Freon a chlorofluorocarbon (CFC) chemical.
An increasingly important environmental concern is the disposal of pld
refrigerators because of the chlorofluorocarbon (CFC) chemical as coolant has a
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m;ential to deplete the ozml e s th's atmasp.hel'e by the catalytic deatru_ o
e jons of H could dam The hypothesis has been proven in 1985 by
emiss the stratosphere: the destruction of the ozone layer over

of ozone in have 5 frigerant tha
ents which king to develop new refrigeran at is Natury

mtarcuﬁ::. SdEI;;flﬂ “:’:n'i":;p?tzﬂﬁz[ (GWP) and zero Ozone Depletion ﬁDﬁEntia:
low glo

and have
: ———
try: The branch of physics which deals with the measurements of
ometry.

(ODP).
Therm
is called thermometry:
ture s all re of degree of hotness or coldness of a body is calleg

tempera
Temperature: The measu
temperature. : .
Thermameter: The device which is used to measure temperature js calleg

thermometer. _
Heat: The form of energy which is transferred from one body to another body

due to the difference in temperature is called heat.
'I—ht‘rn-'l.ﬂ expansion: The expansion of substances on heating is called therma|

expansian.
Specific Heat: The amount of heat required to raise the temperature of a unit
mass of a substance by 1 "Cor 1 Kis called the specific heat of that substance.
Change of state of matter: Change of solid to liquid or liquid to gas and vice
versa without any change in temperature is called change of state of matter or
change of phase.
Fusion or melting: The process in which a solid change into liquid state with
out rise of temperature by the absorption of heat energy is called fusion or
melting. : -
Latent heat of fusion of ice: The amount of heat energy required to melt one
kilogram (1 kg) of a ice at its melting point ‘0 *C with out any rise in
temperature is called its latent heat of fusion of ice.
:‘;‘iﬂ; ;J]' :::m_rlzat;nn: The process in which a liquid change into gaseous
. rise of temperature by the is called
boiling or vaporization, : ¥ the absorption of heat ernergy is

;t;;:::g ??t::] \::'t:r;";he amount of heat energy required to vaporize one
: ater at its boiling point 100 * rise in.
temperatumscaueditslatentheat l:.-fWagte‘:-. 00 °C with out any

Evaporation: 4

below its boiling point i called evaporation,

Theraal Bropeviies of Maties

|
REFRIGERANT: Talk to someone who works on air conditioners or

refrigerators to find out what fluids are used in these systems. What
properties should refrigerant fluids have? Research the use of freon and
freon substitutes. Why is using freon forbidden by international treaty? What
fluids are now used in refrigerators and car air conditioners? For what
temperature ranges are these fluids appropriate? What are the advantages
and disadvantages of each fluid? Summarize your research in the form of a

presentation or report.

TEMPERATURE MEASUREMENT: Research how scientists measure the

temperature of the following: the sun, a flame, a volcano, outer space,
liquid hydrogen, mice, and insects. Using what you learn, prepare a chart or
other presentation on the tools used to measure temperature and the
limitations on their ranges. Prepare the presentation to share it with your

class fellows.

BIMETALLIC STRIP: What is a bimetallic strip? How it is used in thermostat?
Explain the use of bimetallic strip in different equipment. Prepareachart to
be displayed in classroom.

GROUP-D

HISTORY PRESENTATION: Discuss with elder people that until refrigerators,
air conditioners or even fans and electricity was limited what methods
people used to cool themselves and water for their use. How they stored
fruits and vegetables. Prepare a presentation for the class discussion.

GROUP'-'E

WRITING FOR SCHOOL MAGAZINE ON LARGE VALUES OF WATER: Water has
an unusually large specific heat and large heats of fusion and vaporization.
Our weather and ecosystems depend upon water in all three states. How
would our world be different if water’s thermodynamic properties were like
other materials, su¢h as methanol? Write an essay to be published in school

Mmagazine,
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SCONCERTUACQUESTIONS
. Give a brief response to the following gquestions.
Ordinary electric fan increases the kinetic energy of the air molecules

caused by the fan blades pushing them means the air temperature increases

BEeein ]
Tiiermal Propentttd ot

Il Choose the best possible answer: slightly rather than cool the air? why use it?

f @ The5.1. unit of heat is @ why are small gaps left behind the girders mounted in walls?

- A J B. ke c.K' D.K @& why you should not put a closed glass jar into a campfire. What could

’ & i i i ight, into a fire?
Pf @ Thes... unit of temperature s happen if you Iinsse:i. an empty glass jar, with the lid on tight, into a.
AC B.F C.J @ Explainwhy it is advisable to add water to an overheated automobile engine
e i i D.K only slowly, and only with the engine running.
@ The Fahrenheit and Celsius scale reading of temperature coincide a¢ @ Explain why burns caused by steam at 100°C on the skin are often more

b Al B.-460° C.-273* 0. =agc severe than burns caused by water at 100°C.,

1 © 310K in centigrade scale is @. Explain why cities like Karachi situated by the ocean tend to have less
il A37C B. 310°C C.63°C By extreme temperatures than inland cities at the same latitude.
el . 2 3 uc : 4 % . .
.'f' (5] '-"T?enwateratn‘(:isheated, it contracts till temperature reach D A ton ﬂml Thlc: ;s TG g W GRS DO A
5 A1C B, 4°C Ches i fixture. Explain why'
LN B Thes.) ws ‘ C. 100°C D. 100K @ Whyisice at 0°C a better coolant of soft drinks than water at 0°C?
- K . ARETTEh L € Why we feel cool after perspiration?

' S‘E T BJKkecukg! D. JKkg :
erelation be ; ; S e copecess :
;,r s t\‘::en coefficient of linear and volume expansion is; ECOMBREHENSIVEQUESTIONS
. -Y=3qa . ¢ ’ :
Gy a/2 D.y=6a Give an extended response to the following questions.
@ Explain the terms internal energy and temperature. Use kinetic theory to
distinguish between heat internal energy and temperature. "
@ How dowe measure temperature? Expiéin liquid in glass thermometer.
@ What are various temperature scales. Derive mathematical expressions to

12 © Thes... unit of Latent heat js

N
AU
convert between various scales of temperature.

@ What is meant by linear thermal expansion and volume thermal expansion

of solids?
@ What is thermal expansion of liquids? Why we have real and apparent
thermal expansion in liquids. Illustrate with the help an experiment.
@ Define heat capacity and specific heat capacity of a substance. Explain the

importance of high specific heat capacity of water.
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© What is meant by the latent heat of fusion and latent heat of vaporjy,

i
a substance? ; on of
© What is meant by evaporation ? On what factors the evaporation of , |
‘depends. Explain how cooling is produced by evaporation. Digfye "Quig

n

between boiling and evaporation. Ciat
N ST oy 7 —‘—.—'_‘\\
QUESTIONS iy S

@ Perform the temperature conversions (a) Temperature diﬁ'erem;e g
body. The surface temperature of the body is normally about 7 'Clln e
than the internal temperature. Express this temperature differe Sl
kelvins and in Fahrenheit degrees. (b) Blood storage. Blood Stlzuraaxg;lr::E "
*C lasts safely for about 3 weeks, whereas blood stored at -1 60 “Clas -

5 years. Express both temperatures on the Fahrenheit and Kelvin m[;s For

@ Consider a metre-stick composed of platinum (the coefficient of l§.
expansion for platinum is a = 8.8 x 10°K"). By what amount does the | i

of this metre-stick change if the temperature increases by 1.0 K? e

@ Arai_lway line made of iron is 1200 km long and is laid at 25°C. By how
will it contract in winter when the temperature falls to 15°C? By how e
will it expand when the temperature rises to 40°C in summe ?much
coefficient of linear expansion forironisa=12 x 10°K"), i

@ The volume of a brass ball is 800 cm® at 20°C. Find out the new volume of

the ball if the temperature is raised to 52 *
: 0 52 "C. The coefficient of i
expansion of brassis 57 x 10° K", e

TRANSFER OF HEAT

| After studying this unit you should be able to:
4 recall that thermal energy is transferred from a regian of higher temperature to
| region of lower temparature.
< describe in terms of molecules and electrons, how heat transfer occirs in solids.
+ state the factors affecting the transfar of heat through solid conductors and
- hence, define the term “Thermal Conductivity™.
v solve probiems based on thermal conductivity of solid conductors.
+ write examples of goubl and bad conductars of heat and describe their uses.
| < explain the convection currentsin fluids due to difference in density.
|+ state some examples of heat transfar by convection in everyday life.
..j v explain insulation redices energy transfer by conductien.
v describe the process of radiation from all objects.
+ explain that energy transfer of a body by radiation does not require 3 material
medium and rate of energy transfer is affected by:
. Colour and texture of the surface
= Surface temperature
» Surfacearea

Wlhat is the specific heat of a mietal substance if 135 kJ of heat is needed to
o raise 4.1kg of the metal from 18.0°Ct037.2°C?
Ho i . l
w much heat is needed to melt 23.50 kg of silver that is initially at 25°C?

(Specific Heat of silver is c = e
=8.82%109). of silveris c =230 Jkg" K" Latent heat of fusion for silver isL,

= .
oy

— - —
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examined with the help of a simple activity. Take an
iron bar. Hold one end of the bar in the flame of a
burner. After a few seconds, you will find that the other

end is too hot to hold as shown in figure 9.1. How does

the heat flow from the hotter to the colder end of the
bar? What is the mechanism of heat transfer from one ~ burner
location to another? .
_ The mechanism of heat conduction can be Heat Transfer Activly
explained by the behaviour of atoms within the
Eﬁ:l_fclﬁl- Ihe solid iron rod is made of closely packed iron atoms. Accofd'ﬂit;
s molecular description of matter the greater the temperature the more
inetic energy of atoms or molecules. The atoms in the hotter part U:E“:e
ik

vibrate more vi L .
part. re violently (thus possess more kinetic energy) than those!

A campfire

The mode of heat transfer by conduction can be "E;‘@_

Metal bar /%"{
kT

Unit - 9
|nitially, before the rod is inserted into the
flame, the jron atoms are vibrating about
their equilibrium positions. As the flame
heats the rod, the iron atoms near the flame
pegin to vibrate with greater speeds and
wider distance. These wildly vibrating atoms
collide with their neighboring atoms and
transfer some of their energy to these atoms.
which in turn pass thermal energy to their
own neighbors and so on as shown in figure
9.2, Iron is @ metal and contains a large
number of electrons that are free to move
through the metal called free electrons.
These free electrons also play a big part in
the conduction of heat. For example, when
one end of the iron rod is heated, the atomsin
the heated part vibrate more with greater
speeds. The free electrons that collide with
these atoms gain kinetic energy and mave
faster. They diffuse into the colder part of the

metal where collisions with other free
electrons and atoms occurs which result in the transfer of energy. In light of this

discussion we can define the conduction of heat as that process by which heat
energy is transferred from particle to particle.

GOODAND BAD THERMAL CONDHETORS = = —————
Some materials allow heat to pass through them easily. They are called
heat conductors or good conductors. Those that do not allow heat to flow through
them easily are called heat insulators or bad conductors.

OOV QE EANGITNC AN DEDIEFREEETACS

HEATTRANSFER |
‘BY|CONDUCTIONS

ST L

.Moms are vibrating
about their mean

positions

Atoms are
energized and

vibrations spread
through the metal

[AcTiviTY 9.1

Asimple demonstration of the different conducting
powers of various metals is shown in Figure. Match match 5““1 conet
sticks are fixed to one end of each rod using @ oo by rad
melted wax. The other ends of the rods are heated  paraffin wax-t= 1N tripod|
by a burner. When the temperatures of the far ends brass rod B =
reach the melting point of wax, the matchsticks
er falls first,

drop off. The match stick on copp
showing it is the best conductor, followed by
Laluminiurn, brass and then iron.
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of heat. —
conductors tell how well o —

metimes i jron copper brass aluminum
::mething conducts just by s " tod s

touching it. for ‘__“\

; activity ; -
A similar abilities of different [Ferieo— :

comparing the conducting re. The ends of long

is shown in the figu
ﬁ:tsa:;sflsme same size but made of different
r

d into a tank. Initially, coat
;irlr:::r:i::l: far:er of wax. Pour some boiling
i tank.
Wﬂte”’::i:h;r about ten minutes or s0. Wax
melts to different lengths along the different
rods. A greater length of wax melt.s_ on the
copper rod. This shows that copper 15 & good
canductoramongst these materials.

Conduction a?curs in all the-three stafes Witer s bl
of matter solids, liquids and gases. Solids hest: The water st it
conduct better than liquids. Gases are the: | the tast tibe can il
waorst conductors. As discussed earlier metallic | without making the ice melt,
solids are best thermal conductors. Besides the
closely connected atoms; metals have free
electrons, Non-metallic solids are poor conductors of heat because they dont
have free electrons, . ="

Most of the liquids are poor conductors of heat. Compared with solids, te
inter-molecular distances in liquids are relatively larger and conductive collisions
do not occur as often as in solids. Water is a poor conductor of heat. The podt
conductivity is illustrated by the activity 9.2. Gases are the poorest of all heat
conductors. In gases the separation between particles is very large. Alr &
one-twentieth of the thermal conductive ability of water. Many materials

wood, cloth, fiberglass and plastic foam etc are poor conductors becausé

contain tiny pockets of trapped air.

- - Igloos are constructed from ice and snow to provide

9,13 PRACTICALAPPLICATIONS OF CONDUCTION OF HEAT
The good, as well as, bad thermal conductors have many useful

plications in our daily life.
Cooking pots and pans: ‘ :
Cooking pots and pans are made of metals which | |

are good thermal conductors. They conduct heat readily | i

1o the food inside and to spread it evenly. i

Plastic foam: &

Plastic foam and fiberglass insulators are used in

the walls and ceilings of our homes to keep them cool in summer and warm in

winter seasons. These materials are good insulators because they contain tiny

pockets of trapped air.

C Wire gauze:

Wire gauze is often placed aver a flame to conduct heat outwards from the
flame. A glass beaker can safely be heated on the gauze because this protects it
from the concentrated heat of the flame.

0. Pot holders and table mats:
Pot holders and table mats for hot pans are made

ap

poor conductors avoid burning of hands.

E. Woolen o:_!othes:
* Woolen clothes have fine pores filled with air. Air -
and wool are bad conductors of heat. Thus the heat from
our body does not flow out and our body remains warm in |
winter. g
F. lgloos:
Igloos type of shelter (house or hut) built of snow.

protection from wintery conditions. One reason that igloos
do their job so'well is that the ice and snow act as thermal
insulation and minimize the loss of heat from the inside
due to conduction.
G. Ice box:

Ice box has a double wall made of tin or iron. The
space between the two walls is filled with cork which is the
Poor conductor of heat.
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stheﬂﬂwofautsidehEﬂtiﬂtOthE‘ Where k is the thermal

nt. y ol F
. The co_r:P:::?ce from melting. conductivity of the material of the bar. Thermal conductivity
box, thus keeping Thermal .conductivity depends on the Substance I mK's®
ilering: o e of the material, § :
e ST cts are in direct contact, such ARG UslvEnt Steel (stainless) 14

puring soldering obje

the soldering iron and the circuit board, heat is
as

= QxL
| K= atx(ry o7 D Ice 2.2

transferred bycunducll—ﬂi o . As a special case, if L=1m, A= | Concrete brick 0.84
Tl f—f-F.'-"j;-_]:T'_—r:;."‘”_ : h_LI_"‘.F_:_-_IF_.__-—i-— 1 mz, T" .'l'c =1"Cor1Kandt=1s ; then Glass {average] o
e thefril conductiv ' Equation 9.2 we obtain k = Q.
hermal conductivity of a .' from i = :
£ nj:-:?s:l measure of the ability of Thus the thermal conductivity k of a —_ ! 0.6
::bssuabstance to conduct heat energy. a. — LengthL — substance is defined as the quantity of Wood ; 0.08-0.16
Thi rate of flow of heat through a f TR = ’Aﬁg heat which ﬂou;s ;hrou:h one square Cotton | 0.08
' on a number of | k| metre of area of the substance in one
:;Efc:fsm opencd - = second when a temperature Cork ! 0.042
lF mple consider a rod of b.  Temperature Temperature difference of one kelvin is Wool | 0.04
" Sr exa I::»f SRS R I T, T maintained across a thickness of one | plastic foam | 0.033
iy s il meter. The 51 units of thermal o ; Ty
| { 1 -

Let the hot face of the slab be at | =
temperature T, and the colder face be .| |

at temperature T,, which means T, »
T.. The rate of heat flow (Q/t) across

the slab depends on the following [, 4 bﬁr with cross-sectional area A and

conductivity are W m"K" or J m'K's".

Some typical values of thermal | Styrofcam | 0.010
;onductivityarelisted inTable 9.1,

ERCCERD ST VROFOAMICE BOX

fa‘“’“' . length L. : AStyrofoam (k = 0.010 W/mK) ice box has a total area of 0.950 m" and walls with
i) The difference of temperatures T, | b, The bar is placed between two thermalf . ‘an average thickness of 2.50 cm. The box contains ice, water, and canned
- T, between two the two faces of |  reservoirs with temperaturesT, and T.. _ beverages at 0°C . The inside of the box is kept cold by melting ice. What is the

the slab. The greater the

rateof e t i i i i 0°C?
temperature difference. the nergy transfer in J/sif the ice box is kept at 35.0°C

greater is the heat transferred per & GivEN: REQUIRED:
unittime a i a8 i _ :
i Lt cros,'s :‘.he slab. Thermal conductivity O Area A =0.950 m? rate of heat transfer Q/t=7
et e e er, | “Sebstance JmK's’ Sl Length L = 2.50 cm = 0.0250 m;
€55 1s the rate of flow of heat |— i e : ; :
throughit. o [ sitver 420 _‘lf Temperature difference T, - T, = 35 °C - 0 °C =35 °C = 35 K
g | g gt
iii) 'cl'he Cross-section area (A ). Larger | Copper 190 [ thermal conductivity of Styrofoam k = 0.010 Wm'K
ross-sectional area will allow a | »1| The rate of energy transfer is given as
~ greaterrate of heat flow, *|__ God " . & _ L 5 ‘
I¥) The nature or material of the slab Aluminum 220 N " A,.:Iﬁ%
Mathematicaly, ' G 105 ) t
—— - _______—-'-'-.-.-..‘ |
Q T,-T ’ : : Q w 35K
2. A G L o 0.010 —=x0.950 pi¥ x —r —
= 35 -

utt book depo physic I D,
physic ATE-SJJDIEAJCDLonsuumun
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therefore

‘Assignment 9.1 ) CON

ne hour through a concrete wall of area
wall is held at 20°C and the other side is

3K 'm's .

nsferred in
de of the
of concreteis 1.

Find the amount of heat tra ‘
6.9 m', and 0.20 m thick, Ones!
| at 5°C. The thermal conductivity

the air directly above the flame is ek
movement of heated particles. | scivity 9.3 J S84
The transfer of heat [ convection currents
from one place to another by | shown in watelglsbax;
the bulk motion of fluids is gggsl?:f; Liwn::'ssganate
called conveclicn. Carr-e_rectmn a tube to the battom -
oceurs only in fluids (liquidsand | or 4 beaker of water. When
gases). Convection cannot | the tube is removed and
accur in solids as the atoms ina | the beaker heated just

P below the crystals by a
solid are located in fixed Ral flanre. purple

positions and cannot change | . .o of water rise
place. For the same reason | ypwards.

convection occur very easily in

gases.

To understand convection, take some water in a beaker and drop in it few
crystals of potassium permanganate. Heat gently the water. See how the coloured
water moves. You will observe that streaks of purple coloured water begin to rise
and cold water from the sides takes its place. The m
water will go on circulating and becomes hotter and -
hotter. In this way each part of water is heated in turn.

The currents set up in the process are known as
convection currents.

AMECHANIS G HEATICONVEGTION) 0|

The heated portion of water at the bottom of == > gl
the expands and becomes less dense, Being less dense, | Convection currents are
the warm water moves upward, It is replaced by the | set up when a pot of
cold and dense water around it. The cold water flowing | Water is heated.

L R —— . - ——— —
e, e

Lo el

 physic IX DATE:5.3.2018 AJ COLOR SCAN SET 16.A

to the point of heating in its turn absorbs heat energy, expands and is pushed
upward. Thus a continuous circulatory flow is established from the bottom to the
top of the water. Black marks often appear on the wall or ceiling above a lamp.
They are caused by dust being carried upwards in air convection currents produced
by the hot lamp or radiator.

9,312 PRACTICALAPPLICAT [ONS.OF HEAT CONY
The following are few practical

applications of heat convection.

A. Heating Water: -

If it were not for convection currents, it
will be very difficult to boil water. The lower
layers of water in a electric kettle are warmed
first. These heated water expands and move
upward .to the top because its density is
lowered. Meanwhile dense cool water replaces
the warm water at the bottom of the kettle so

that it can also be heated.

B, Seabreeze:

Convection causes coastal breeze.

During the day the land heats up more quickly
than the sea. The hot air over the land rises'and
the cold air from the sea blows to replace it.
Thus there is a sea breeze during the day. At
night, the reverse happens. The land cools
more quickly than the sea. The hot air over the
sea rises and the cold air from the land blows to
replace it. This movement of air is called the
land breeze. ]

C. -+ RidingonThermais:

Thermals are streams of hot air rising in '
the sun. They are convection currents. Birds
are able to fly for hours on thermals without
flapping their wings. Similarly glider
aeroplanes are able to rise by riding on the
thermals.
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glow warm air onto your hand from your wide-open mouth. Mow reduce the apening
petween your lips 50 that the air expands as you blow. Do you notice a difference in the

air temperature? Why?

D. Refrigerator:

or, convection 15 used | e cooled

I & PTIgTT d. Airis cooled | py the

i i he foo
circulate cold air around t .
of the |co@ ng : - = |
cu'st S mmpamﬂm\tzl % m: ttlopwarmer coil sinks pOINT TO POMNDER ]"..J W | T B Ty O P
o ce o it PR e s
nks, it1sT pla ¥ to the vou can hold your fingers beside the candle flame without harm, but not above -

f tor. As itsi iy
LS pelow. The circulating @i | pottom of

air rising from the ;
the food in the
carries heat energy away from all refrigerat

the fridge. -or

flame. Why? Hot air travels upward by air convection. Since air is a poor conductor, very
little heat travels sideways to your fingers. l

4 FAD AONCE FER A e T

When we sit next to an open campfire,
the heat from the fire does not reach us by
canduction because air is a bad conductor of
heat. It does not reach us by convection
because hot air rises up. In this case, the heat
reaches us by radiation of heat. The hot fire
radiates heat rays just as light rays. When
these rays fall on anything they make that
object hotter.

sun heat reaches us after passing
through millions of kilometers in empty space.
cun heat also warms up anything on which it
falls. Meither conduction nor convection can
take place in vacuum as no material is present
for the transfer of heat through conduction or convection. Sun heat reaches us by
radiation of heat. Based.on the above observations, We define radiation of heat as
The heat transfer from a hotter place toa colder place with or without havinga
material medium in between is called radiation of heat.

Unlike conduction and convection transfer of heat by radiation, does not
necessarily require a material medium.

74U MECHANISH OF RADIATIDNGEHEAT S B |
The mechanism of radiation is energy transfer by electromagnetic waves.
Electromagnetic radiation comes from accelerating electric charges. On a
molecular level, that's what happens as objects warm up — their molecules
vibrate harder and harder, causing acceleration of electric charges which emits
those radiation. Heat energy transferred through radiation is as familiar as the
light; in fact, it is the light but not visible or barely visible. Electromagnetic waves
(radiation) can transfer energy via vacuum or empty space

E. Ventilation:
Convection currents are used in |
ventilation. Your classroom or the rooms in your
houses have ventilators installed near the
ceiling. The warm and stale air inside the room
rises and escapes through the openings near the
ceiling. Fresh and cold air is drawn in to the
room through the doors and windows. Similarly,
smoke and hot gas from the fires in houses and {if %
factories rise up and escape through the i
chimneys.

—a» 4 —_———

When you light a candle, it heats the air near the flame
as it burns. Because hot air is less dense—and hence
more buoyant—than cool air, a circulation pattern is
established with hot air rising and being replaced from
below by cool, oxygenated air. Thus, convection is
necessary for a candle to continue burning. When the
burning candle in this jar is dropped, it suddenly finds
itsaflf in free fall-an essentially “weightless”
en\nranrpent where buoyancy has no effect. As a result
convection ceases and the flame is quickly extinguishegl
as it consumes all the oxygen in itsimmediate vicinity,

Cold air
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54 7. GODDANDEAD EMITIERS AND ABSOR
Some surfaces are better absorbers |

of radiation than others, a black colour

absorbs most and white reflects most. Adull

black kettle absorbs heat better than a |

hat copper sheet
with one side polished

3 Fack L nd other blac
silver kettle. Standing in the sun, a black car : T :\ac’fc -
warms up more quickly than car of any other | mi;;:‘tu

colour. [ %

Some surfaces are better at ;|fyoum|dthebacksofyaurhandsuneiﬁﬂ

emitting radiation than others when heated | side of a hot copper sheet that has oné *
or allowed to cool. A black saucepan cools | Polished and the other Sidendblt::ﬁ"“ il
down quickly than any other. Hot water in g | 0™ " fisure, it will be fOUP

fation)
i | black surface is a better emitter of rad
kettle covered with soot cools faster than a | than the shinyone. :

P —

similar kettle having shining surface.

In general a good absorber is a good radiator and a poor absorber is a
poor radiator.

The rate of energy transfer by radiation is affected by:

o Colour and texture of the surface
Surface temperature
o Surface area

White clothes are worn in hot climates because white is a good reflector
and a poor absorber. Black or dark coloured clothes are worn in cold climates,
because dark is a poor reflectorand a good absorber,

D.4.3 PRACTICALAPPLICATIONS OF RADIATION OF HEAT

The following are few examples of radiation of

heat. -

A Colouring Materials: -
The cooling fins on the heat exchanger at the — D

back of a refrigerator are painted black so that they lose L N 11

heat more quickly. By contrast, saucepans that are
polished are poor emitters and keep their heat longer. In
general, surfaces that are good absorbers of radiation
are good emitters when hot.

B. Texture of the surface:

"One type of radiant barrier material, ARMA foil,
produced by Energy Efficient Solutions.

C. Satellite Protective Coating: -
The highly reflective metal foil covering this L,

satellite (the Hubble Space Telescope) minimizes N i

temperature changes. :
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yessel silvered on the inside:

Thepurpose of the slivering
is to reflect all radiant heat :WTIIIE
to enter ar |eave the ves_se . 4
space petween the walls is hig lg
syacoated (vacuum is created)
prevent convection. Thg- _gljass,
heing a poor conductar minimizes
conduction of heat as wel!.
liquid placed in the flask will rem
the flask will remain

alsobe very small.

5.5 (GREENHOUSEEER Eﬁﬂ'@&ﬁnlﬁﬁﬁ_ﬁé%ﬁﬂﬁ&e >

s by which radiation from a planet's
et's surface to a temperature above what it would
The strength of the greenhouse effect - will depend
ture and on the amount of greenhouse gases that the

The greenhouse effect is the proces

atmosphere warms the plan
be without its atmosphere.

on the atmosphere’s tempera
atmosphere contains.

Earth receives energy from
the Sun in the form of ultraviolet,
visible, and near-infrared
radiation. Of the total amount of
solar energy available at the top of
the atmosphere, about 26% is

A thermos bottle
to convection,

The heat loss through
ain hot for a ve
cold for a long time because

reflected to space by the

atmosphere and clouds and 19% is |

absorbed by the atmosphere and
clouds. Most of the remaining

energy is absorbed at the surface |

of Earth.

Because the Earth's surface |

conduction, and radiation.

outer  gilver film
55 Wa i P

minimizes energy transfer due

the flask is so small that a hot
ry long time. Acold thing placed in
flow of heat from the outside will
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is colder than the photosphere of the Sun, it radiates at wavelengths thatare much
longer than the wavelengths that were absorbed. Most of this thermal radiation is
absorbed by the atmosphere, thereby warming it. In addition to the absorption of
solar and thermal radiation, the atmosphere gains heat by latent heat fluxes from
the surface.

The atmosphere radiates energy both upwards and downwards; the part
radiated downwards is absorbed by the surface of Earth. This leads to a higher
equilibrium temperature than if the atmosphere were absent.

152 IMPORTANEE OF GREENHOUSEEFFECT

Green house effect is important for the survival of life on earth. QOn Earth,
an atmosphere containing naturally occurring amounts of greenhouse gases (water
vapour, carbon dioxide CO,, methane CH,, and ozone 0,) causes air temperature
near the surface to be about 33 °C (39 "F) warmer than it would be in their
absence. Without the Earth's atmosphere, the Earth's average temperature would
be well below the freezing temperature of water.

Human activity has increased the amount of greenhouse gases in the
atmosphere leading to global warming (increase in the temperature of earth). Due
to human activities in the period from 1880 to 2012, the global average
temperature has increased by 0.85 °C.

The largest human influence has been the emission of carbon dioxide from
factories and motor vehicles. Currently, about half of the carbon dioxide released
from the burning of fossil fuels is not absorbed by vegetation and the oceans and
remains in the atmosphere. Now in order to decrease global warming we have to
reduce the emission of greenhouse gases and to plant more vegetation to absorb
the produced carbon dioxide.
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e i-h heat travels from one place to an, '
. tar: The process, in which ; { Other
2 Hl::::;::;uf: of dif?erence of temperature, is called transfer of heat,
il P particle to particle mode of heat transfer by

7 Conduction of heat! The : _
-Y' collisions or indirect interaction is called conduction of heat.

Y Thermal conductivity: The thermal conductivity of a substance js 3
[ measure of the ability to conduct heat energy.
-lfli' Convection of he

i at: The transfer of heat from one place to another by the
"L:w-'j actual mation of the heated substance is called convection of heat.
nfs: The currents set up in the process are known as

2l Convection currée

| convectioncurrents.
=| Radiation of heat: The heat and energy transfer from a hotter place toa
colder place with or without having a material medium in between is called

through radiation is called radiant energy.

| Radiant energy: The energy emitted from a hotter place and carried

ﬁ HEAT CONDUCTOR SURFACES: Choose a variety of surfaces for your ice to

[., melt on. Compare metal, plastic, glass, and paper to see which makes a
= better conductor of heat. Explain your finding in form of research and

r? present your findings in classroom.

s::c':':: i;’?f HE':: CONDUCTION: Investigate heat transfer in any Cooking
ity wfr ng oil or ghee added during cooking increase the heat
P———— equire materials that are good conductors of heat transfer
L. g: Uemonstrate your resultsin class in form of a presentation. -

INSULATING MATERIALS: Visit the market and find out the materials
available for home roof and wall insulation. State the advantages of
different materials over the other. Make your own suggestive material thatis
both good insulator and cost effective. Defend your material in front of
" class.

NcroupEDH |

GLOBAL WARMING: Write an essay on how important for us to keep the
temperature of earth. What are the consequences of global warming and
how we can safely overcome it.

COLOR TEMPERATURE: Research books and internet to find how are the
temperature measured using the color of hot objects? Write a column for

school magazine.

N Choose the best possible answer:
@ Which of the following is the best heat conductor?
A, aluminum, B. tin’ C.iron D. copper

£ @ Identical cubes of the following materials are kept in a room at the same
il temperature. Which will feel coldest by touching them?

Fgl A. Wood B. Glass C. Tron D. Styrofoam

i © The transfer of heat by convection issmallest in

: ‘A. solids B. liquids C. gases D. none

@ One way that heat is transferred from place to place inside the human
body is by the flow of blood. Which one of the following heat transfer
processes best describes this action of the blood?

A. convection B. conduction C.radiation D.none
{ © The best absorber of radiation is a body whose surface s
Sl A White B. Grey C.Dullblack D. Highly polished
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Wi il COMPREHENSI"-’,E QUESTIONS
e i B onduction £ il - : Give an extended response to the following questions.
e o f highest thermal AP | @ Explain conduction of heat and its mechanism. Describe any three of its
@ which of the following has the g i ctio
Whigre wood C. wool D. air practical applications.
YRS E-h is not radiating any heat is ' - @ Explain thermal conductivity of a substance and its mathematical
@ The temperature at whicha body isn i description.
A.0% Bia% o e @ Explain convection of heat and its mechanism. Explain any three of its
© The electrons that are free tomove throiygh themetat calied _ practical applications.
lectrons B. free electrons . @ Explain radiation of heat and its mechanism. Describe any three of its
e trons D. holes ' practical applications.
s — @ Dpiscuss the greenhouse effect. Explain its importance and global warming
e concern.
CONCEPTUALIQUESTIONS:

Give a brief response to the following questions. _T NUMERICAL QUESTIONS _
eferred wearing in summer? Explain briefly. [
i : : @ A person’s body is covered with 1.6 m' of wool clothing. The thickness of
the wool is 2.0 x 10°m. The temperature at the outside surface of the wool

@ Why is the freezer compartment kept at the top of a refrigerator? Explain

briefly - is 11° C, and the skin temperature is 36" C. How much heat per second does
@ Ablackcar standing in the sun warms Upmare Quiichiy heananpothien Wist " the person lose due to conduction? Thermal conductivity of woolisk = 0.04
@ Why a tile floor feels colder to bare feet than a carpeted floor? : - Wi ke _
@ How woolen sweaters keep us warmer in winter? @ The external wall of a brick house has an area of 16 m' and thickness 0.3 m.
@ In certain places, birds can fly for hours without flapping their wings. The temperatures inside and outside the house are respectively 20°C and 0
Explain. °C. Calculate the rate of heat loss through the wall. Thermal conductivity
@ Good-quality thermos bottle is double-walled and evacuated between |- of brickisk= 0.84Wm"K".. [533 W]

these walls, and the internal surfaces are like mirrors with a silver coating.
How does this configuration combat heat loss from all three transfer
methods and keep the bottle’s contents your coffee hot? -

@ A piece of wood lying in the Sun absorbs more heat than a piece of shiny

metal. Yet the metal feels hotter than the wood when you pick. it up-
Explain.

@ Window glass has thermal conductivity of 0.8 Wm" K'. Calculate the rate
at which heat is conducted through a window of area 2.0 m* and thickness
4.0 mm. The temperature inside an air-conditioned room is 20 °C. The
outdoors temperature is 35°C.

© some pot handles remain cool during cooking while others become

unpleasantly hot. What determines which handles remain cool and which
become hot?

@ When sunlight warms the land beside a cool body of water, a breeze begins
toblow from the water toward the land. Explain.
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e Nnn::lfx Answer
A oy bl H 300 Em, |
13 [608x10s ! ]e 19460
12— < 100 ke 24| [0dam 107fm. 10
13| il : ,Lf——ol—-rﬁﬂ" siont
T 57x10° m, s7xi0. m. 37 | (a) 2:99792458 x I
L4 _m_m____ﬁx_____(——— 3 (b) (i) 2:997 9 x | 10° ms
I3 [e8vxi0mm ___— J%M
a5 | il’ﬂﬂ_igg;'ﬁp—“—r—;—‘ p———— [ 710 9.6x10° W,
[ 200 cnr, 2107 W 8 4 43x1n'11= 2x10” m
17 Jpooo2m' 1 5 | 5xi0 kg.1.39x10°m
OOl ——————
IEmmnn Answer
Exercise |
—— | Earth moves around sun in
1.1 elliptical orbit therefore the
distance varies
No, we must take 365.25
12 days to account for leap lear |
e By road the distance iS
1.3 longer, aeroplane moves hﬂ
the straight distance
CHAPTER -2
Assignment Answer Numerical A
gl 10.43 m/s Prohlems
2.2 Oms L 0ms . 1 400 m/s" E
2.3 0.66 m/s” 2 10.m
24 280 m 3 896 m/s
2.5 5 ms P NO, 444 m, she will be
2.6 - 18.5 m/s 24.3 m past the light
27 §1.6 m round off to 80 m, 3 66m, 17 mis _
; 408 s round off to 4 s [ 31.3 mfs N
Extension
Exercise Answer
I vl Speed of snail varies
|- 2 WEST
23 41.8 mfs = 15048 knvh
which is high speed
longer runway is required
24 for landing due 10 smaller
deceleration
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CHAPTER -3
Assignment ANSWER | | Extension Answer
3l 5.83 m/s%, 1.46 mis® Exercise T
. . 2 146 mis” 3.1 2.5 mis’, 2.5 m/s |
3.2 150ke, 1.5= IOIN, mass Mo, recoil of gun will be
does not change it is same ¥ greater than speed of bullet
as 150 kg both on earth and 33 0 s, 9800 N
Ll Numerical
3.3 3.49 kgmis Problems Angwer
3.4 somw, 45000 N 1 3560 N or 3.58 xlD’N
= 7 1000 N
3.5 0.6 m/s = 27=x 0N, -15=x10'N
3.6 4.5 mfs and -2.6 X 10° N
3.7 SN 4 0.46, 0.40 'I
5 o e - 5 28mis 42N
3 92 mfs? 21N 2 S a4 X TO°N '
39 11 kg 7 3000 N |
3.10 1112 ke ] 2000 N |
CHAPTER - 4
Assignment ANSWER - _ Numerical
4.1 30N Problems fARERAE
42 86 N.8.7° 1 13N.75N
4.3 200N 2 160N
4.4 kg 3 15m
4 0.6 m
EE":::‘:E: ANSWER 5 24N
6 294,000 Nm. 176.000 Nm
4.1 No
432 408 kg, 61.2ke
CHAPTER -5
Assignment Answer Numerical
51 Ix 100N Problems o Auwes
. 1 41x10"N
5.2 7.3 % 10~ kg ; 5 3.68 mvs: or 3.68 N/Kg
53 105 N, 1.62 m/s 3 352 mie
|54 7.33 m/s’ , 0.22 m/s” 3 36%10°m
5.5 6890 m/s 3 776 = 10° mis
& 1.02 % 10° m/s
Extension Axisw 47 km |
Exercise " = 1 :
51 Only Confirmation is
g required
253
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f———— " O f v INnIT
a 61, b. 9.6% 1047
3% 10" mfs

=
a. 01, b. 3.0 x10°)
500 W

T L T

1.06 % 107 W
225

,_.-.—-——5__—__-—-
54x107)

e —

—wer | Numerical A
Answer nEwer
Assignment | AT —— o
e " | 1250 Pa and 7500 Pa
e T T 2 0. m
7.2 100 Pa or 100 N/m 7 = PN
7.3 ;Espﬂ.?_,—-—- F——3 111 % 10° Pa
e ETTAT: @SN @SN
e 5 (©05ke ()S5x10%m
and (e) 5B82 kg m™>
m Amswer 3 150 N/m
71 300 kPa 7 1cm
CHAPTER - 8
Assignment Answer Imelzlnr: ANSWER
L [CRE , 27K 13°F
82 23%10-5°C = 2.3-2561:;.1]5[{
% : 5 = -
83 0,522 cm
84 | 262 Liter i :?::;illﬁm
85 | 23520kgK : e T
86 | .1x107] 6 Tix 10°7
CHAPTER -9
| Assignment Answer Numerical
9.1 26%10°) Problems : Answer
: 1 8.0 % 10°W
2 6.1% 1071
3 533 W
4 6.0 Wx 10° W
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Glossary

f

Absolute Zero: The lowest temperature
{-273°C) that any substance can reach, At
this temperature the molecules or atoms
of the substance contain no heat energy.
Acceleration: The rate of change of
velocity.

Acceleration Due To Gravity: The
acceleration of a freely falling body within
a gravitational field close to the surface of
earth its value is 10ms™,

Artificial Satellite: Objects moving in fixed
circular orbit around the earth.
Atmospheric Pressure: The pressure
exerted on a body by the atmosphere due
to the weight of the atmosphere, At the
surface of the earth atmospheric pressure
is 100 KPa / m.

Base Quantity: Such quantity, which can
be expressed independently without the
reference of any other quantity.

Base Units: The units in system
international which are seven in number.
Buoyant Force: The force acting on an
object due to buoyant of a liquid.

Centre Of Gravity: The point of body
where its weight acts.

Centripetal Acceleration; Acceleration
produced by the centripetal force.
Centripetal Force: The force, which keeps
an object to move in a circular path.
Circular Motion: Motion of a body along a
circular path.

Co-Efficient of Volume Expansion: Change

in unit volume caused by unit Kelvin

change in temperature.

Co-Efficient of Linear Expansion: Change
in unit length caused by unit Kelvin change
in temperature.
Component of a Vector: Such vectors
when added given the resultant vector.
Conduction: Transfer of heat due to
interaction of electrons or molecules,
Convention: Transfer of heat due to the
movement of molecules from one place to
another.
Couple: When two equal and unlike
parallel forces act at different points of a
body, then they constitute a couple.
Derived Quantity: Such quantity which
is expressed with reference to base
guantities.
Displacement: The shortest distance
between two points.
Dynamics: Study of motion of bodies
under action of force.
Efficiency: Ratio of output and input.
Effart Arm: The intermediate distance
between fulcrum and effort.
Effort moment: Product of effort and
effort arm.
Effort: Force applied on the machine.
Elastic Potential Energy: Energy of a
compressed or stretched spring.
Elasticity Modulus: Ratios of stress and
-strain.
Elasticity: The property of the solids
because of which they restore there
original shape when external force ceases
to act.

Energy: Ability of a body to do work.
Equilibrium: A body whose acceleration is
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Force: The agent that changes 97 tends

change the state of a body.
Friction: The force of resistance agaipst the

e motion between twa surfaces.
;ﬂﬁ:ﬂr:m: The point around which lever
|ves. .

;e‘::“ Fuels: Fugls formed over millions ﬁg
year by the partial decay of the remains
wing things.
;h:lvsn;ﬁaial Force: Mutual force of
attraction between the ohbjects.
Gravitational Potential Energy: enerEy afal
body due to its position in the gravitationd
field.
Gravitational Field Strength: The
gravitational force exerted on @ 1 Kg mass
placed within any gravitational field.
Heat: The form of energy. which s
transferred fram one place to anather
because of difference of temperature.
Horizontal Component: The com ponent
of a vector F which is along horizontal or
x-direction.
Hydraulic Systems: System that transfer
forces from place to place using fluids.
inertia: The characteristic of a body due
to which it resists against any change infts
state.
Insulators: Materials that prevent, of
significantly inhibit, the flow of heat through
them:
Joule: The unit of work in system
international.
~ Kinematics: Study of motion of bodies
without taking into consideration the mass
and forces.
Kinetic Energy: Energy of 2 body dueto
mofion.
Kinetic Friction: Friction during motion.
Latent Heat of Fusion: The quantity of heat
required to change the state of one kilogram
of a liquid to vapour or gaseous state during
which its temperature remains constant.
Lever: A strang bar revolving around some

ppi,nl.

Light Year: The unit of distance for celestia|

6 x 10¥ m.
‘o5 is equal to 9.4
Ei:l:arallei Forces: Forces acting along

arallel lines in the same qifetﬂon.
b :an: The maximum value of

Limiting friction:
tic friction. .

:}:IE:T motion: The motion of body along a

ight line.

i;r::f :rm: The intermediate distance

petween fulerum and load.

Load Moment: Product of load effort arm.

Load: Resistance or lifted up weight.

Mass: That characteristics of a body, which

determiners the acceleration produced by
the application of aforce.
pechanical Advantage: Ratio of load and

effort. 1
Mechanics: The branch of physics which

deals with the study of motion of bodies is
known as mechanics.

Momentum: The product of mass and
velocity of a body. ;

Neutral Equilibrium: The condition'of a

bady, in which its centre of gravity neither
rises not becomes lower of its original
position after disturbance.

Newton: The unit of force. 1 Newton is the
force that gives a 1 Kg mass an acceleration
of ims™ ]
Non — Renewable Source: A source of energy
that is used up faster than it can be replaced.
Orbit Velocity: A critical velocity of a satellite
in order to keep on moving around the earth
at a specific height.

Qutput: A work, which the machine does.
Physics: That branch of science, which
explains the properties of matter and energy.
Pdwer: Rate of doing work.

Proportionality Constant: Such a number,
which connects two quantities to convert
them in the form of an equation.

Radiation: Transfer of heat by infra red
radiation requiring no medium for the
transmission. :

pandom Motion: Motion without any
mnsideradon of time and direction,
Rectangular Components: The components

1o each other.

Rresolution of a Vector: Division of a vector

into its companents.
Resultant Vectar: such a vector, which
shows the combined effect of two or more
yectors.
Rolling Friction: The friction produced
during the motion of one body over the
other with the help of wheels.
scalar Quantities: Only magnitude is
necessary for their representation.
scientific Methods: Logical applications
of arguments that explain a certain
phennmEﬂDn.
scientific Notion: The numbers written as
power or prefix of ten in which there is only
one non zero number before decimal.
significant Figures: In a measurement, the
correctly known digits and the first doubtful
digit.
simple Machine: A thing, which help in
doing work maore easily.
sliding Friction: The friction between two
surfaces sliding against each other.
specific Heat Capacity: The quantity of
heat, which changes the temperature of one
kilogram mass by one kelvin.
Speed: Distance covered by a body in certain
time. i
Stable Equilibrium: The condition of a body
in which it comes to its original condition
after being disturbed.
Static Fraction: The force of friction arising
due to applied external fore before motion.
Strain: The change in the shape of an object
under the action of an external force.
Stress: Force acting on unit area of an
object,
Surface Tension: The force acting along the

surface of a liquid.
Tension: The force acting along string.

Thermometry: Art of measurement of
temperature.

Torque: The capacity of a force to revolve a
of a vector which are mutually perpendicular body. i
Trigonometric Ratios: The rations of the
sides of a right — angled triangle.

Perpendicular

Hypotenuse
Base

Hypotenuse

_ Perpendicular

T Base

Uniform Acceleration: Equal change in
velocity in equal intervals of fime.
Uniform Speed: Equal distances covered by a
body in equal intervals of time.
Unifarm Velocity: Equal change in
displacement in equal interval of time.
Unlike Parallel Forces: Forces acting aleng
parallel forces but in opposite directions.
Unstable Equilibrium: The condition of a
body in which it does not come to its original
condition after disturbance.
Vector Quantities: Magnitude and direction
both are necessary for their representation.
Velocity: Rate of change of displacement
with time.
Vertical Component: The component
of a vector F which is along vertical of
Y — direction.
Vibratory Motion: The to and fro motion of
body about a fixed point.
Viscosity: the fractional force between the
layers of a fluid in flow.
Watt: The unit of power in system
international.
Weight: The force with which the earth pulls
a body toward itself.
Work: The product of force and the
displacement in the direction of force.

Young's Modulus: Ratio of tensile stress 1o
tensile strain.

sinf=
cosfi=

tanf
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Subject Page# | Subject I Pagedt
INDEX »ﬁ;{;ﬁ/:b"_ 08 Static friction | Fages |
% | Page# Moment arm 112 Strain I as0 |
| ject # Electroma tic spectrum 244 Momenium 6% | Stress | 190 \
Acceleration = 'gf: Enegy 150 Newton 62 Temperature | 198 |
Archimedes'sprinciple _{—zc—|  [Equilibium o —— 116 Non - Renewable Energy 159 Temperature scales \ 202 }
Atmospheric pressure _._--33-—-—' Evaporation of liquids 224 Source 3
Average speed iz | Fahrenheit scale 203 Normal force 78 Tension = | 85 |
[Axisofrotation ___—+———|. [Fisthaw of mation, 62 rc_)__rt_u'_i_ale_‘_ﬂl_ 142 Thermal conduction =gt =]
Autificial Satellite 141 Newton's pascal’s Principle 179 Thermal conductivity {238 |
—5 ] [Fmid____——— 173 (Physics 02 Thermal equilibrium 200
[Average acceleration —g | _F_'gE'-'____._-—-—-————-—rs——l——- Plasma 173 Thermal expansion 205
[Averagevelocity  ——77— | [Fmoction ____——— 17 Position 30 Thermometers 200 |
Barometer | iﬂ%____ 160 Power 164 Thermos bottle | 246 |
| Base Quandty 75 Global warming, _____ 246 Potential enérgy 154 Torque [
Base units __ —15 | Coelcient of static friction B0 wwers of ten 12 Translational motion 1 a_
Bimetallic str 55| [Gravitational potential 155 Pressure 174 { Uniform Acceleration | a1 |
Buayant force energy . Rectangular components 105 Uniform speed | 37 |
| 14— [Graphicalrepresentanon 4348 Refrigerators 226-242 ‘Uniform velocity 3 |
Cartesian coordinate system 33 of motion Resultant force 101 Unlike Parallel Forces o |
L 109_ Gravitation 129 Rotational motion 31 Unstable Equilibrium | 121
Cenier of gravity — v
Carierof D == 8 Gmwmn_onal field 135 Scalar Quantities 32 Vector quantity | 2 |
Centripetal acceleration 89 @gfﬁ ;ii : Scientific Notion: 09 [ Velocity | a3 |
Centripetal force a0 Greenhouse effect Significant figures 23 | Wan [ 164
Cirl:-ulzr motion 89 Heat . 199 S1 (Systéme International ) units 08 Weight | 68 _!l
Coefficient of kinetic friction 8l | Heat capacity 216 Specific Heat 216 Work [ 149 |
Coefficient of linear thermal 207 Hooke's Law 180 Speed 35 Young's modulus T T
expansion -
Constant acceleration 41 Hydraulic Systems 180
Constant velocity 39 lnert!ia : 23553‘_:: = S BIBLIOGRAPHY
Contact forces 100 Insulators of heat - ICS FOR SCIENTISTS AND ENGINEERS WITH MODERN PHYSICS
Couple 115 Tnverse-square 1aw 132 EDITION) SICS (NINTH
Coefficient of volume 211212 Isolated system 73 Raymond A. Serway and John W. Jewett, Jr.
expansion PHY t
Components of vector 105 Joule 149, BrianS;{Ce? m:.‘ﬂNC]iPTS;NP CDNN]:?.CTIONS gSrante z
Conservation of energy 156 Kinematics b g Mm.Begm owikow, Christopher T. Howes, Jacques Mantha, Brian P. Smith
Conservation of momentum 74 Kinetic energy 151 s - van Bemmel
Delta [symbol] 36 Kinetic friction 30 AMBRIDGE IGCSE PHYSICS (THIRD EDITION)
Density 173 Latent heat 219 Tom Duncan and Heather Kennett
Derived quantities 02 Length 08 PHYSICS (NINTH EDITION)
g;:;l:::mcnt i: tiﬂht ‘;’tar ;ﬁ ; John D. Cutnell & Kenneth W. Johnson
ine of action 112-11
Dynamics 60 Linear Motion 3l e e e
Elastic limit 193 s 33 ale Ewen, Neill Schurter, P. Erik Gundersen.
Elastic modulus 189 e 0 mg;}ron SCIENTISTS AND ENGINEERS WITH MODERN PHYSICS (IHIRD
258 Paul M, Fishbane, Stephen G, Gasiorowicz, Stephen T. Thomton
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- endly and joyful le2
on fmen rgmnnnls. projects,

ming material. An effort is

i inly focus / conceotial QuEs

s tf::z:;sigm:::mk R in tacks like assig e ptual questions,
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activities, tidbit, tips, interesting mfo;ra!:::;:;:ispﬂml?;k e s ol

Topics: flort is made to make 5 : : g o
ici ar?oj; :1:;! be encouraged in the leaming process; ﬂ'%;:"lig':ig‘ acﬁviwf.iems L puﬁ]n x

5.1:1:1 upchuicz to incorporate their interest. Involve swudents With B0 b oom

; mndcr and share with them interesting information and tips 1 YO 3 . -

e . Each topic that covers Some mathematical work 15 mésted \:;I:. 1;“:_?

example and followed by an assignment task for smtgjﬂlisn to workout, Some examp ¢

even added with extension exercise for higher order 8. e

Projects: After each chapier you will find projects for group work by stu l;;m- > ;mingc

class in 5 groups (A, B, C, D and E)and a_ssign‘msks to them, al‘terf m tacs-s ¥s

a special class for the students to share their projects with the res.! of th o x S

i i ects 1n being
Exercise: When the srudent groups are assigned different proj :
cover exercise having Multiple Choice Questions (MCQs), Conceptual Questions (CQs),

Comprehensive Questions and Numerical Prablems.

APPENDIX
USEFUL PHYSICAL DATA

[ Quantity Value

Speed of light in vacuum 2.997 924 58 x 10° m/s
Acceleration due to carth's gravity 080 m/s’ = 32.2 1t /s?
Universal gravitational constant 6.674 x10" Nm*/kg’
Atmospheric pressure at sea level 1.013 x 10° Pa

Mass of Earth 598 x 10% Kg

Mass of Moon 7.35 % 102 Kg

Mass of Sun 1.99 x 10™ Kg

FREQUENTLY USED MATHEMATICAL SYMBOLS
Meaning = - —

Isequal to \

Is.not equal to |

1s less than or equal to \
1

Ts greater than or equal 1o il
is proportional to "
Ihe difference between two variables (e.g., & T is the final temperature mﬂ
the initial temperature)

BASIC MATHEMATICAL FORMULAS

_______M Formula |
Area of a circle —
Circumference of a circle 2nr
Surface area of a sphere anr
Volume of a sphere 4 13’"'3
Pythagorean theorem R = hﬁ +h2
Sine of an angle sinf = hgih ]
Cosine of an angle cosd = h, /h _l
Tangent of an angle tanf = il, ,Hl'_ _1

LABORATORY INSTRUCTIONS FOR STUDENTS :

Experiments in Mational curriculum are designed to illustrate important concept
described in class. You are expected to come prepared when you arrive to laboratory to
perform an experiment, The instructor at Jaboratory is not to perform an experiment he will
be there to answer your questions, aid you in the use of equipment, discuss the physics behind
the experiment and guide you in completing your analysis and write-up.

All write up should be finished in the laboratory session and handed over to the
instructor for sign. Remember the neatness, organization and explanations of your
measurements and calculations represent the quality of your work.

In your lab ask the instructor to provide you the materials required for practical
work. Arrange them on table and examine their condition; if equipment is out of order try to
replace. Apparatus requiring frequent adjustment must be placed within easy reach.

_ The apparatus provided for the laboratory experiment are often expensive and
delicate. Tf a piece of apparatus is broken report to the instructor immediately.
! Try to record original data and let all the group member participate in the
experiment.
After completing an experiment the experimental setup must be disassembled, and
turn off all the sources of water electricity and gas.
Safety: The most important thing in the laboratory is your safery and that of others. The
danger increases if you have less knowledge of the equipment and procedures. If you havea

 question about safety you should direct it immediately to the instructor. The students in

the physics lab are expected to exercise common sense judgment when working with
laboratory equipment,
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