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We

need Measurement for
Safe driving acar

gy and Society,

=4 ON physical quantities which Consist of
€and a unijt

ved physical Quantities
intematiﬂna! (51) along

In Lerconye rt

the prefixes and theijr 3
for both base

and aderived units,

Measuring |e

' ! Measuring instrume.r]u. SUi
vermercailipers and ]

"N as

IZUres for 'ecording and
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physics require measur

physir:al quantities

gs we deal in
Measurement of

All the quanti ti
is built on Unit 8:

grade 8.

Measurem
measuremen

loths he tak

ent is not only a ke
ts. For example when Wé Q0

always making
es the required

sewing our ¢

know the
function

‘how? and ‘why
of things. He asks the
how did the universe begin? How
Why do things fall. 1 = .
| twin 8.1-m telesco | -
ii Together, |

nits behaviour?
does the moon seem to chang€ ' mguna
telescopes are used to |

to the ground? Why
shape during the month? What g0€s inside the sun | these two
ics is all about trying to answer  seethe visible universe.

Kea in Hawan

to make it hot? Phys
questions like these. All of these phenomena inthe
universeinvolve the studyof matter and enersy.
{Phyﬁic:. % the bfanch ~f sciehce thal {pvolves the Study o physical
gniverse: enersy matter, and NOW they 2 re‘iateﬂ;}
The study of physics is t0 understand the world around us; the world inside
’ us and the world beyond us. Physics cavers 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 1N
cound waves and electrc circuits, the structure of
the proton and of the universe.

Mathen'aai—i:r‘?he Language O Physics: Physics

and human conditions 1mpruved when

mathematics was incorporated in physics some 400

. ears ago. When the ideas of physics are exprt
"W mathematical terms, they are clearer. They
"t have multipte meanings that so often confuse |4 solar system is located In €
deas expressed in coOmMmMOR large spiral-shaped SACTY called
the Milky Way and the Sun is just.
¢+ 100 billion stars in

one of at eas

‘.‘.acussinn of i
this galaxy.

1

) quatinna of physics provide compact \
A relationships petween concepts.
vngs N nature are expressed matr tically,

e by experiment.

they are easier 10
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The sun is not to overtake the moon, nor is the night to putpace the day. Each floats in
anorbit.
? 1’4"" uﬁgh’h-d Hﬂuﬂ";\ﬁqj\”ﬂ
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if you can (and want) t0 cross the limits SKY and earth,
you will not €ross except by the authority {frnm Allah).
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ation of the

Vs

indi (800 - 3?3}
\raq. He produced
monographs on metrology, specific

vity and tides. His rrmt jmportant work was done in
on reflection of light.
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Al Beruni (973- 1048):

He is afgh
books on physics,

an scholar and wrote aboyt 150
Cosmology,

» and served as
and Director-
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Due to vast SCOpe and researchin physics|
of branches some of them given below.
T.&BLE 1

|  Area within physics oo rorn R R
s Motion u’l objects and how falling objects, friction, |
i itrel relatestnfurt:ﬁ \wmght, Spinningabjects | ’ﬂ
'. | Heat and temperature and l melting and freezing processes,
lHeat and Therodynamics 1the1r relat.lun to energy- ‘ engines, refrigerators \
,.__u_______________ R NSRSy ,__u_..____.,___—____ e —
. Oscillations and Waves to and fro mutiun_ \ Springs, Water waves: Sound
=== T s [ T e
| ght and the instrument
Optics ‘r:raatedtousemdetecht ,IHtirmrs LEHEES,tElEECDDEi E:ge\
| Electricity and Arsmnc e welk O mnﬂﬁlectncal charge, circuitry \
ﬁagnetiam . charges and associated | o agnets, elec 8¢ gnets R
[« physu:alphennrnena e j
| ] | ‘Structure and praperties of \
~ Atomic and Nuclear | x.rays, LASERS, ‘Nuclear
; | ' individual atoms and nuclei
| Physics ofan: stom. mctar,m CT Scan, Pffﬁcan-l\
i”’"“"*‘"’_“ T oying Ob e T
Nmﬂ g ject hncludmg
Relativity very high speed) and Particle acceleratorﬁ. Huclﬂar\_
' Enerﬂ‘i
5 ‘ﬁraﬂtauﬂn |
-f-——*------—«— - 'n*et 1d1;1_t;l _ﬂj LY —-—\
', iscrete, indivisible un n
| Quantum Physics | of energy called quanta . theatom and its parts |
| _ | L= _.,____._- ; P R h__._,_."
= i _ | i
t particle Physics pature of thEparﬁcles thatn Quarks, Leptons, Photons,
_constitute matter and 1 Bosons h
radiat!.nn , |
| Cosmology and " the origin, evnluﬁun ancH Stars gnlmes and black hu:nliez&'-1
5. astrophysics Hlevf.-ntual fate of tl'te‘
: \unwerse
 Biophysics and Medical '—1 physical - teractions Of ‘um, CT Scan, Radiotracers and
Physi biological Processes and conduction in living cells.
| Application of physir.s\
| health processes such as
\prevennon. diagnosis, and

|
' tl'EatrnEnt

—

—-.-I-— ———
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be made, a s

i -"Before a mea
tandard or unit must pe chosen
Lth.'En found

- The size of the quantity to be measyred js
m‘thaninstrurnent having i i

titiesthat Can De'mess

sUred are called Physical quantities
In physics we
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INTERNATIONALSY STEMO

‘A complete set of units
ed system of units’.

quantities is call

international system of unite’s 15 abbreviated as S
units. Actually, SI units is a short torm of the French
name ‘Systém International (d Units’) which means
‘International System of Units’. The international
system of units is based on seven base units (or seven
basic units) from which all other units aré derived.

The seven basic physical quantities, their S| base units
and symbolsare giveninthe table 1.1.

fe flight.

Aeroplane pilot require large
aumber of measuring ‘and
information instruments for

e L —

Base Quantity
Name | Symbol pName Symbol
Fleng‘th L, X,.I (e.t.C) meter m
mass [ m kilogram kg
time, duration t ~ second s
electric current | ori ~ ampere =)
thermodynamic temperature T kelvin K
amount of substance mol
tuminous intensity cd

A, 5| Base Units:

In S| SEVEN physical
quantities aré chosen as base and
their units 3r€ defined,

<tandardized and are cal
units. Each Sl unit is defined
carefully so that it is unique and
upon which accurate and
reproducible measurements can

be made.
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in physics we deal with numbers that are either very small or véry large, it

becomes difficult to write these numbers. For example, the mass of moon 1S

approximately TO,UOO,DUU,OGD,{]DD,GUU ,000,000.kilograms. If we use this number
ct notation for it. This is exactly

often, we would surely like to have a more compa
resents a number as the product

what standard formor scientific notation s. It rep
d less than 10 (called the mantissa) and a power of 10

of a number greater than 1an

(termed as exponent):
aumber (N) = mantissa (M) G {0

The mass of moon can thus be written compactly a5 7 x 107 kg, where 7 15
the mantissa and 22 1s the exponent. Similarly, the diameter of atomic nucleus 1s
about 0.00000000000001mM, which in standard form or scientific notationis 1x10 “m.
BER TO STANDARD FORM
decimal point and place it after first non-zero

1. Inagiven number N, move the
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 point is move
then the power of 10 will be negative an

through which the decimal point has
" exponent (power of 10).

AVERAGE DISTANCE BETWEEN EARTH AND MOON

": Example 1.1
erage distance between earth and moon i 384,400,000 Write this number
inStandard form / sdgntiﬁc-mt'atiﬂn. = | ‘

'3 For staridard form / scientific notation we can

write the termas
distance = 384400000.0~ 10°m

‘....I"-.-j'- .-Fu..l.-..I"lu-"'-""—-"I

ntific notation in order

For Standard form / scie
to get mantissa (M) in which the 1st digit before
to move the

the decimal is non-zero, we have
decimal 8 digits towards left, Therefore, the

power of 10 will be positive 8, that is

distance = 3.84400000x10°m B, nswer

d'towards right from its given position
d whatever is the number of digits

heen moved that will be the value of
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® "V e

seven base units. The e W

- ¥ -0

POINT TO PONDER |

Viruses {about 107 m long)
| attacking a cell. How such
and symbols, For €xample force has derived unitsof |small lepgths can bpe

'kems™ which is given *Pecial name as “newton’ ang | Medsured?

A square meter m’

volume V cubic meter i m’
Speed, velocity v meter per second ms’'
acceleration LA Meter per second squared ms’*
density p | kilogram per cubic meter kgm”
force F newton N = kgms?
pressure P pascal Pa = kgms?
energy v =K, 0 | joule J = kgm’s?
Capacitance C farad F=kg'ms'A?
| resistance R
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__-_,_..-—-——-'— e
that there are 365 days in 2 year (¥), 24 NC
minute (mi

hour (h), and 60 seconds (s) 1n @
conversion f actors. Starting with 1Y and multi
60m 605

factors, we obtain
| W — W —
1h

We know
minutes 0 an
_relatiunshipB are
these conversion

__or ly=1 «365% 24 %60 % 60s

or y= 31536000's
standard form / scientific notation W€
term as

For
can write the
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Name the Convenijent

unit you wij use tg
Mmeasure.

a) width of 4 book

D) length of 5 room
C) diameter of a wire
d) mass of candy

€) mass of Cricket
ball. -

d
p c
T m
G i 4
10° M nano 10" n
kilo 10’ k + pico 10" p
hecto 107 h femto 10" f
da a
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T ——
Calculate Your height in Centimeters and

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

INFORMATION

The mass of this mbsqui to can
be expresseq several different

ways: 1 x 107 ke, 0.0 18, 0r10
= me.

SIZE OF BACTERIUM

= e |
i

e P2 05 025 o 2,015, s s e

L femtogram fe=1x10""5¢
We know that _
U kilogram kg=1x103 ¢
" = =152 g ‘4YBerculosis is g respiratory

disease (infectious) caused by g
bacterjg known g5
_ o= — E i g - ol .. 1=
therefore m = 2fg~ 2,19~ kg m| b |
Assignment IEE SMAL

; - J = ¥
=5 R e P T Xl =
y I. r J | g

=
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A

< Given Distance d = 489 km

el We know that kilometre
and megametre IMm=1x10°m

Lol or 489 km=489x107° Mm

d = 489km= 489 x 10° pix
L W
\f we go to Lahore by aeroplane,

d = 489 km= 0.489x10° Mm
' the distance shortens to 376
therefore 489km=0.489Mm — O kv e

yantities’'.

avices tomeasure physical g

‘Measuring instruments are d
easuring instruments. These range from

Physicists use large number of m
simple objects such as rulers and stopwatches 10 Ato

and Scanning Tunneling Electron Microscope (STEM)

have somemeasuring limitations. »

mic Force Microscope (AFM)

. All measuring instruments

]

e

While using a measuring instrument,

certain precautions in order to obtain an accur

ate r_EﬂdiﬂE_. =

nt 15 uysed to measure

This instrume
the distance

the lengths of objects or
between two points.

astic, metal) and in a
Metre rules are one
metre long as compared 1o the standard
metre. Metre Rulers usually have 1000 small
divisions on them called millimetres. Such
metre rulers have least count of 1 mm.

materials (wood, pl
wide range of sizes.
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Least count is Calculated by twom
Method 1:

ethods:



https://www.perfect24u.com/
https://www.perfect24u.com/

Z41.Com

{. Dutside Jaws: used .
7. Inside Jaws: used to take internal measures of the object

3. Depth Probe: used to measure depth of the objects
4. Main Scale: Used in centimetre of millimetre measurements

5. Main Scale: Used in inches measurements
6. Vernier Scale: Used in centimetre of millimetre measurements

7. Vernier Scale: Used in inches measurements

8. Retainer: Used to block movable parts

If one main scale division is 1 mm one vernier scale division is 0.9 mm,
the least count is 0.1mm. ] :
Method 2:

Mathematically, [east count can also be obtained from dividing the value

of smallest division on main scale by total number of divisions on vernier scale.

smallest divisionon main scale
Least Count= —— :
Total number of divisions on vernier scale

If the smallest main scale division is 1 mm and vernier <cale division has

10 divisionon it then the least count is

Least Count= }—1"%'11- —0.1mm

;ERO ERROR IN VERNIER CALIPE

= 3
el - 1
- N
s i e o e = -
T w e =y R ™
ELS i rd =

ﬂ.zl'h il |
=N -

L L i g, A A
e on AL e - e
= gt - re - o= F L =
bl e el
Lo " ds=]

e o e R Wl B
Eﬂ'zﬁﬁiﬂb__ﬂay,n& Mt iy - TP IMAS ER= S Sty

=
--' -t "
sy, B E -4

Suppose we want to measure the diameter of a small solid
vernier caliper we will use the following method.

1. Note the leastl count of the vernier, (it is usuallir written on vernier caliper,
otherwise we can find it out py method described previously) which in our case

i¢0.01 cm (0.1 mm).
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Vernier Caliper

(0.6 mm)
. ed length 151.9¢em +0.06 CM=1.96cm
or19mm +0.6 mm = 19.6 mm
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i | T L -
=_ry et =
- e F |
NI
1 U e edl
L =
9
d |

N i | 2 bl e
1.6.3 SCREW GAUGE

‘A device used to megffi‘é
on of circular scale over jitiskn

|_-

=

£y v
in
!

et

i
; ;il 1
- ._|-|
+ "L

a fraction of smallest'se
OWn as Screw gauge’.

i Thk]

moti

pitch of Screw Gauge:
ear scale in one rotation is

The distance trave
called the pitch of the screw gauge.

led by the circular scale onlin

[ Figure 1.3 BESE

Datum Line |
[ Central line  Thimble ;

Anvil  Spindle

Sphere
Least Count of Screw Gauge:
The minimum length which can he measured accura ely by a screw gausge is
rew gauge is found by

called least count of the <crew gauge. The least count of sC
dividing its pitch by the total number of circular scale divisions.
pitch of Screw Guage .

Least Count = — o
Total Number of Diwsmnsun Circular Scale
the number of divisions on r:_ii’cular

If the pitch of the screw gauge is 0.3 mm and

scaleis 50 then
0.9mm._ 0.01mm

e.d. | east Count = —
g 50
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With your ruler

number by the number of pages
measurement you take mmscrewamge
r Aastgnment 1.6 Rilil®y INSTRUMEN

i Y ®

Which of thefoltuwingistheacmtedmem'mmm:,____.__ t

A) a vernier callipers with main scale of 1 mm maddrgwﬁﬁdwmmﬁ'ﬂ?
| sliding scale : I3aE

"B} a screw gauge of prtch1 mmandIE dmﬁmnnthemrt:ﬁlaﬁ‘ﬁale

ACTIVITY READINGS OF VERNIER CALIPERS AND SCREW GAUGE
rnier Caliper meastiremnents, with main scale calibrated

Read the following Ve
| m S1 units.

i
1|I |I|L||11|.|| an|n1-'| htlhl.nhl |||,_5|r
i

Rﬂad the following  Micrometer Screw Ga
calibrated in Sl units.

—

The mass of a body is difﬁcult to determine, but it
is process of comparing the m

inst a body of known mass. Thi
ess. This weighing is carri

agai
mmonly known as weighing proc

is cO
balance.
Physical balance is just a common balance where there are two
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You measure weight of an

Agate knife and
object by PUtting it in one pan Beam agate plate
and a known weight in the Baslg'“”g
2w
Other. Pillar
A physical balance Isa | Pointer -.'

Very sensitive common balance | tis
which can. measyre weights in |  scale :- Plumb line
miltigram order, |t is placedin a ' |
- Protective glass case so that Pan :

even dust and wind can not :

affect the accuracy of the ! . . !
instrument, - Adjustment knob Leveling Screws

1.6.5 STOP WATCH
The duration of time of specific interval is

Measured by a Stop watch. It has two main types i.e.
mechanical and digital.

A)

L digital stop watch can‘

measure up accuracy of
0.01 secong (cen tisecond)
this is the least count of
Ia’ig!’ tal stop watch.
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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 of total time.

6 MEASURING CYLINDER

The volume of a liquid can bé found by
transparent plastic or glass and it
has a vertical scale in milliliter
(ml) or cubic centimeter (cm’).
Measuring cylinder can be used
for measuring the volume of an 3
irregular solid body such as key as First o 5
shown in figure 1.5. Reading
Water is poured into a
measuring cylinder until the
cylinder is about half full. The
volume is measured, and then an
irregular shaped object is
lowered gently into it. :
When-the object is completely immersed ‘
‘he volume-of the water is fead again: The volume f & 1 &8
of the object 1s found by subtracting the first
reading from the second. }

D ONE LITER MILK IN SI UNITS

Figure 1.5

D i | [
R =i, == AE"E:?:.'& -?:}-;ﬁ:fi? ’
T Ot acupe Liiatl

=
3
=
l_. -
o e ey i e
£ ]
: "

"'.‘“te“t:"'-}"' i 2%
is 10 cm by 10 ¢ . 1f you drink 1 Lof

=3 "'F “_._-I,__ ¥ !':f.': X
e D ¥

1)
II

| ‘-

Ll ¥ -

, s - - T s 4 a2

. L = L | |

T H . AT | 3
ARG i '—-=;:.'-"-.~.".-'1.""‘?-;45;:‘.'1--...;-_ ity !

nﬁ%“ﬁfs’:niﬁ*&i»iif’:éﬁ""

I‘-I.
'
:"'L-\_-. -

o - y ol

o e = i r, 4 —

J 2 E - i

LR '-".. 1 Ay —_— k T S :
] ! --1: { ] = :- k. = R LN o 't i 5
i . Fla S b A, i il 0 i - 1

; 38 LS AV NS = q ! 1 d ] L

y i hac ri L e L R o

1 g {

i

=X

di rectls

a cube of side L1s v=1.The mluﬁieﬂin cm' is found
from L= 10 cm. Calculate the volume in cm’ is '
v=1'= (10 cm) = 10° cm’

(b) To find the volume in m’, convert cm’ to m’ using the conversion factor 1
cm=10"m.

, A
1074
103 cm’® =10% em” % m]
. 1icm :

U
T
!
O
N
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feporting 3 pencils or 2 books, we can

the length of the Pencil is greater than 67 mm and less than 68 mm. We can
estimate that the length of the Pencilis 67.5 mm. This length.is accuratein mm up
to 67, but the {ast fraction of inm has been guessed. There is a chance of error in
the last figure. It isknown as the doubtfyl figure. -

THQ humber of accurately known figures and the first doubtfy| figure

are k"""ﬂf significant figures.

L =S FOID wDia

: WEITING SIG NIFICAN I FIGU 24
That 7s "all the digits from 1 to 9 are
significant. For example the number of
significant figuresin47.73is 4,

2. ZERO in between two significant digits is

always significant. For example the

number of significant figures in 32.50063 is
7.

3. ZEROs to the left of significant figures are
- not significant. For example the number of
significant figures in 0.00467 is 3.

4. ZEROs to the right of the significant figure '

Y -l iy

—F =

. e
I » T = | 1 =
=y -l =
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1 If the last digit is less than 5 th

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 aumber of significant figures can
be found out by accuracy of the measuring instrument. For example in number
80,000 we may have 1,20revend significant figures.

_ |n scientific notation oF standard form the ﬁgures: other than power of ten are
all significant, for example mass of electrons is 9.11 X 107"'kg. There are three

significant figure init.

RULES FOR ROUNDING OFF SIGNIFICANT FIGURES
en it will be ignored. e.g. ROUNDING OFF

26573 is rounded to 2.657. 2.6574818
2. When the dropping digit is greater than 5 then the last 2.55144?.ﬂ
retained digit increases by 1 .8 7 6578 is rounded to 2.638. s ;45 4
3. When the dropping digit 1s 5 and the last retained digit is oy
even then the last digit i.e. 3 will be dropped without 26574
Jffecting the next one. e.g. 2.658313 rounded to 2.658. 2657
4 If the last digit 155 and the 2nd last is an 0dd digit then the ! :3
2nd last digit is increased by 1 in-order to round off 5,€.8. y
2.6575 is rounded t0 2.658. | 2.66

Physics: The branch of science which deals with the study of properties of matter
and energy along with their mutual interaction.

Physical Quantities: Qu antities that can be measured.

international system of units: The international system of units which consists of
seven base unitsanda aumber 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
nurmbers 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 Dy
sliding another scale over it.

screw Gauge: A device used to measure a fraction of smallest scale division by
rotatory motion of circular scale over it.

Stop Watch:ltisan instrument used for measurement of time interval.

Significant Figures: The accurately known digits and first doubt full digit in any
measurement.
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8 @ How many millimeters are there in 10 cm?

Lf_l A 100 mm  B. 200 mm ¢, 50 mm D. 10 mm
i; 2 Whiﬁh of the following quantity can be rﬁeaaured using a mi’:rurnetgrf! _*
P | A. current B. force C. length ﬁ mass | |
1;_-5 ® The instrument pest measures the iﬁternai diameter of a pipe 15
C A. screw gauge | B. vermer cal‘_i}:gg[ e |
E C. meter rule D. measuring tape |
a @ Which prefix represents a targest value?
g‘__ A. mega B. giga C. peta D."e/xa/
ﬁ W’W following is the smallest prefix? ;
[l:.ll % éttgf-’r B. pico C.nano D. femto 71V
E @' Whi::a of the following numbers shows one signiﬁcént dig‘q.}‘ P
T A 1.1 " B.60 C: 71 D.6x10 [ 7
ti:j © Which of the following numbers shows 4 significant digits? ,
";f ~ A.900.8 B.4 C.5174.00  D. 0.0002 | ,,/""'H

© Alight year is distance traveled by light in one year. It travels abeut
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 meteLs is s | |

A 0.0002m Bﬁ . _Genone D. bothAand B
@ KITAB UL MANAZIR is the name of book written by

A. Yaqub Kindi 5. Ibnal Haitham__~"
C. Al Beruni o e ooacai MR

e

el e e
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CONCEPTUAL QUESTIONS
Give a brief response to the following questions,

Wlugy is shaped by physics?
Physics and biolo

8y are considered different branches of science, how
Physics links with biology?

Pebble with the help of measuring

e

e
r

} ._

PREHENSIVE IESTIONS
-.an Extendeq*fes;mnse 0 .the following questions,
1) ne"phwisfﬁ;w\PhysitA

society2—" '/
Mﬂt '

s SI? Name 5! base quantities and their units,
G'WB{;WE phWantities? Distinguish between base and derived
Physical quanfities. ‘

ay a crucial role in science technology and

(4] What is standard form or scientiﬁt notation?

©® What are Prefixes? Explain with examples. -

e
0o Describe thig-cdnstructiun and use for measurement of the following
instrur i

-' {
a. Vernier Calipers b. Screw gauge
eﬁ igni
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NUMERICAL QUESTI

© Write the number in prefix to POWET of
can detect a mass change as smallas10”
collapsed star made primarily of neutrons) is about 3.00 x 1

Earth. c, Earthtosun distance is 149.6 million km

length (commonly used in atomic
eter of an atom.

ten a. Mechanical nano-oscillators
kg. b, The nearest neutron star (a
0" m away from

@ An angstrom (symbol A) is a unit of
physics), defined as 10 mwhichis of the order of the diam
2 How many nanometersare in 1.0 angstrom?

b How many femtometers OF fermis (the common unit of length in

nuclear physics) arein 1 .0 angstrom?

¢. How manyangstromsare in1.0m?
tisc =299,792,458 m/s.

© Thespeedofligh
a. Write thisvalu
b. Expressthe speed of light to

i. five significant figures,

e in scientific notation.

ii. three significant figures.

© Express the following in terms of powersof 10.
b. 96 megawatt c. 2 gigabite

a. 7 nanometre

. e. 2 millimetre.

- d. 43 picofarad

mte the following numbers in standard form:
cterial cell: 0.000,000,000,005 kg

a. Mass of Ba
b. Diameter of Sun: 1,390,000,000 m

WEB LINKS
http://WWW. introduction-to

http:/ /www.Di pm.org/en/ about-us/
http:/ /WWW. rapidtables.cnm.' convert/num

-physics.com/

ber/scientific-not ation-

converter.ntm _
http:/ /www.fli ppingphysics.com /significant-

figures.html
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Cheetah is the
fastest land
animal with
maximum speed
of 114 km/h

represent vectar Quantities by drawing.

* define the term speed, velocity and acceleration.

v plotand interpret distance. time graph and speed -Lime graph,

v determine and interpret the slope of distance-ti Me and speed-time graph,
¥ determine [r,n;n theshape of the graph, thestate of 3 body,
¥

i. at rest mmﬂﬂngwithcunstantspeed ﬁLmuvingwithvarrables;:e&d.
¥ calculate thearea under speed-time graph todetzrmine the distanc

etraveled by the
moving body.

¥ derive equatione of mation fora body moving with a uniforn, aclelerationin a straight
line using graph, 3

vooi anlve problems l=ted tg Uriforinly acce Sraled imotion Using approgiate eguations,

s00 proviiless relaiadint =2ty Falhng Sadies s 8 TUms™ as (he accete v2on due to
Sravity.

' ﬁigﬁ-
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Mechanics is the oldest of all physical sciences. Mechanics deals with the
study of motion of objects. |
Everything in our universe is in a state of motion. Our solar system moves

through space in the Milky Way Galaxy. Earth revolves around the Sun while
rotating about its own axis. People, animals, air, and countless other objects

move about on Earth’s surface. The elementary particles that make up all matter,
too, are constantly in motion.
There are two main branches of mechanics. They are Kinematics and
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.

ot change its

A body is at rest with respect to an observer if it does n
position with respect toan observer. Abody is in state of motion with respect toan

observer if it changes its position with respect to that observer.

POSITION:
In order to describe the me
position—where it is at any particular time.
position relative to a convenient reference. ey,
Position is the location of object relative to some reference..

o
o

e etcy ks able fo.describe its

| : -I .1
L ir. YL
. i

ely, we need to specify its

e ——

—_gm——

We can equally use references that
are not stationary but are in motion
relative to 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

<hown in the figure.
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=) Ehgngesfn pasitmn of a hudy | hiuﬁnn of a-huﬁe;r_mntﬂnh of
@s a whole. The line or pathof 'a ball, moving car, falling
1. Translatory Motion /motion could be straight or bodies, rowing boats, flying

-. | curved. . birds
Translatory mation is again divided into following types

| A, Rer:‘ullnear Mnti;n _TS_trz;ight_line m&tiun- | _h_lotic;n of freéfalling bm:fies
B. Curvilinear Motion Circular or curved path motion  MOtion of cricket ball being
| hit for six
Flight of butterfly or motior;
C. Random Motion | Irregular motion of gas molecules
Rotation of a body as a whole Motion of wheel of a cycle,

Z. Rotatory Motion around a fixed axis, in this type the hands of a clock, the
2 ,ofmnﬁuntheparti:lesnfthe wings of a turning fan
| bady moves in a circle | ¢
- —=t=\,_..—;.:= -"—=_——.— = — —.

— — =
il — -,

- . The oscillationof & mass
‘The repeated forward and attached to an elastic spring,

3, Vibrttérym -backward motion of an nbjectim_utian of 'swing and the

B ] about its mean position vibration of a plucked violin
| i | string,
———— o i s LR .

€xample a body in train is in motion with respect to an observer on ground,
Whereas the same object is at rest with réspect to another observer in train

moving with the object. Thus the motion and rest dre not absolute byt relative,
This means that we have to specify the observer while telling about the rest or

As position needs reference, therefore rest and motion also need
specification of observer, '
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imm

For example when teacher changes her position in
the classroom while students are sitting on their

chairs. According [0 students observation the

teacher is in motion. Interestingly, teacher while

moving also observes the students to move as well.
<imilarly, when Sara leaves in train and her cousin
John sees her off. As the train starts moving Sara
cee John moving to the right, (as shown in the
figure 2.1) with same speed as John see Sara
moving to the left.

SCALARS AND VECTORS
Physical quantities can also be categorized
on the basis of their directional properties.

In order to fly a plane, pilots needs not on

blowing but in what direction in which they intend
to fly. In order to build bridges, engineers need to

know what load a particular design will support. In | \J o=
cuch conditions the directional properties of Pt Ry

physical quantities become moreimportant.
A.  ScalarsorScalar Quantities: | 3!

physical quantities which can be completely & % O N
described by only its magnitude (or size). _

Magnitude means number with proper unit, for :
example massisa scalar quantity and can be specified as 2 (number) with kilogram
need to know in what direction mass is needed.

be added, subtracted and multiplied by using
e if we took 2 kg of sugar and add another 3 kg of

ly to know how much crosswind is

(proper unit). We do not
These quantities can

ordinary algebra. For exampl

sugar we will have (2kg + 3kg) 3 ke of sugar.
e density, speed, distance, energy, charge, volume,

examples of scalars ar
power, temperature, electrical resistance, electric current and heat etc.

B. Vectors or Vector Quantities:
| Physical quantities which can be completely described by its rhagnitude (or
size) as well as direction are called vectors or vector quantities. Some guantities

(such as weight, velocity, OF friction) require both a magnitude (or size) and a
cription and are called vectors or vector quantities.

direction for a complete des

Vectors can be represented in two Ways.

L wemarE.E 22018 Al COLOR SEAN SET 3-A
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er either capital or

small. (e.g A, can also be répresented by a simple face letter with an
arrow over or below it. In this book we will represent vectors by letter with an

VEctor as shown in the figure.

" —F
L ¥y Sl et
.

position of a pPoint in a given
reference system). To use
vectors in applications we
place them on a coordinate
System. Description of two
Coordinate Systems
(Geographical Coordinate
System and Cartesian

-a.- Hiersly

coordinate system) is given in J-'-#“"ﬂ Th??’#xﬁ (Yoy’)
figure 2.3 | wﬁﬁ@!ﬁg

."' i -_.__' ..t‘::l_:_:'..i. i _&;I-r:-.'l h.l.-..-
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Al-Kha
developed by China and Pakistan) as it
moves to 50 m from origin towards 30° North

of East, in both coordinate systems is

For example the representation of
lid tank (main battle tank jointly

[he position Of Al Khalid tank

Figure 2.4
Draw NEWS coordinate systarn and select a
suitable scale |

10m=1 cm, therefore 50 m = 5 cm
We draw a line of leﬁuth 5 cm an angle of 00 we—
from East towards North. e

Draw Cartesian coordinate system
WWMm
10'm = 1 cm, therefore 50 m=5cm -
We draw a line of length 5 cm at an angle of 30° X =
from X-axis (taken as east).

» 3 Terms associated with motion:

Position of an object can be described n
lfuneurnmremurdinatesofan

Where origin O can serve asa reference point.
object change, we say that the object is in motion. The cho

frame of reference depends upon the situa
motion in one dimension, W€ need only one axi

dimensions, we need a set of two/ three axes.
ted with letters X, I, 5, lord.

Position of an object is usually represen :
path traveled between two positions is called distance’.

W («The tength of
o direction and therefore it is a sCa

Distance has n
usually denoted by Ax, Ar, &s, Alor Ad, and has Sl unit as metey 2

rectangular coordinate system.
ice of a set of axesina

tion. For example, for describing
s. To describe motion in two/three

lar q?antity. Distance is
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' E I‘The shortest directed distance between two positions Is called

displacement. Straight distance from one point to another is called
dispiucemnt'.Jn

Displacement has direction and therefore it is a vector quantity,
Displacement is usually denoted by AX, Ar 4

&s, 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 js about 4 km from school.
You actually told him the length of the path
covered by road, it could be 3 complicated |
motion (twisted, Zig-zag and Curved), you
Specified distance of your home. On the |
other hangd if you reply that it 1.6 km straight
towards east, this time you are telling him
displacement of your home. The situation is
shown in figure2.5.

Starting point

Ending point -
The magnitude of the displacement for g

corresponding path length (distance) is not
- Zero. For exampl € same startine ang

.;,:_L- _'.':- e | _ ' | mﬂgmﬂm : .
‘Measure of the distance (4s) covered with passage of time (4t) is called

speed (denoted byv)’, Mathematically

distance As
Speed — V _—— IJI'
elapsedtime il At
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INF t:1 2 AA A T110) o

Representing Change in Quantity:
mbol & for both

el
1

As distance is a scalar quantity,
therefore speed is also scalar quantity
having S! Unit of meter per second (m/sor

ms').

“EllE

Speed tells quantitatively how
fast an object is.in motion. For example
while going from Peshawar to Islamabad

through motor-way M1, we leave at 2:00

pm and Cross Ssawabi interchange about

80 km from Peshawar interchange at 3:00

pm. Qur speed can be obtained by using |_. . o 4 time At '

equation 2.1as S/ emdﬁm ti"’
difference between the ending

=l
-
| F
W L
I -
i i u
i iy 3
— L e, o

V = 80km —0km _ 80KM _ g0 km/hr
3hr—2hr 1hr ‘

We are traveling at 80 km/hr.

A Avernage speed:

‘Average speed is the net (total) distance (s) divided by the total time
(0’8 Mmathematically .

Total distance o & ,
or  Zv>=- __-

Total time t
For example total distance to islamabad is 155 km via M1 motor way, we
take total time of 3.5 hr (3 hour and 30 minutes), our average speed is

calculated by using equation 2.2

cv = 22K _ 44, 3km/hr

3.5hr
44.3 km/h, however we Know that at times we

traveled faster than this and on other occasions we were slow. Even we took restat
restaurant in our way for about half an hour. So we are sometimes not interested in
average speed, but the speed at any particular instant of time. This speed is called

instantaneous speed.

B. Instantaneaus Speed:
‘Instantaneous speed 15 speed for short time interval At (very small

such that limit approaching to zero)’. Mathematically

<V >=

so our average speed i5

v =Limit = —

At—0 AL
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close to zero but not zero) indicates

The Limit At approaching to ZERO, (
that we are observing the change in distance in a ime as <mall as possibly close to
zero. This is the speed the ometer of our car <hows, which keep trac of
changes in speed within a fraction of a second.
Uniform and variable speed:
Uniform speed as the name indicates 15 the speed which does not change
otherwise itis called variable speed. |
‘If a body COVEr'S equal distances in equal intervals of time W€ say that the speed is
uniform’. When a body moves with uniform speed the average and instantaneous
speed are same. .
Example 2.1
In the Guinness Gastropo | Cham pionship, the fastest speed for garden snail
T onds; what was the speed of snail?__
GIVEN: '
] REQUIRED:
” Distance covered 4s = 330 mm = 330 x 10°m =0.330m Q .
M ol time t =2 minand 205 = (2% 60 g)+ 205 =140 speed ¥
From the definition of average speed,
g equation 2.3 we have
Total distance Y
LM 2= = N e
Total time t
el Why we used average speed

therefore

The world rec
0.0024 m/s (0
take nearly five days

ord speed for a
000066 km/h) at this

for a garden snai
FASTEST M

| t 2.1

—_.—*_'_

utting values <V =>=
P g 140 s

<y >=0.0024m/s _—-m

garden snail 1S only
speed it will -
| to move constant

AN

-“.
Jridey g -
% B

fnrr;mlnmthis Xarr

ly throuzgn 1 km.
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I:{:r.'lntinﬁrntal drift.

Moon receding from the Earth o 4.68x10*

Growth rate of bamboo | 1.4x10° 3.0x10°

Comfortable bicycling speed. 6-7 20-25

Car (fre\ewaif); cheetah - 30 ¥ 110

Fastest récorded ball Speed (a golf ball) I 91 33; j
| Wind speed of a Powerful tornado _ 130 + 4_6;

Muzzle velocity of M16 rifle 975 3510
Speed of the Earth in orbit around Sun. 29,800 140-77,580 |
Speed of light (fastest speed) 299.?92,45_8 | -
\——-——_____

<V > = Jotal displacement

4 s
— of " <Vs=2 \—-
Total time t
B) Instantammn Veio:ity: -
Things

in_motion often have variations In speed or direction,

The
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car moves on a curyeq
asur: My%mér’

direction at different points.
car. | neousvelocity will be tange toﬂwmw'ﬁathafﬁle-mmn

Distance CovVered As

Displacement As
time At = 5 min =

REQUIRED:
=12{]ﬂm+6ﬂ[}m=13mm {H}avwagespeed:v}=?
(560 5) = 300 5
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220 COIMm

0 100 200 300 400
§ From the definition of averase velocity, equation 2.5 we have
f 5 . 600 t
9 <V >= od putting values <V =>= m(East)
N t 300s

terefore - <Y>=2YSEEE e
From the definition of average speed, equation 2.3 We have
< e tting values < WD = L
2ol | 3005

L
therefore <V >= SWE __’

locity is 2 m/s East, while her average speed islﬁ m/s.

Her average Ve

called acceleration. (or)
Mmathematically :
W v,

: change in velocit . AV -
acceleration = i _ Y o G=— O 2=
elapsedtime At te G

ty having same direction as change in

is also a vector quanti
red (M/S). Acceleration

Acceleration
eleratinnf’s meter per second squa

velocity. SI Unit of acc
is a measure of how rapidly the velocity is changing.

A) Average Acceleration:

‘Average acceleration <q>is otal) ve!ocity? divided by the total

the net (t

timet’.

s Total change 0 velocity
<a>= : - or
Total time
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A car s Aripping mobile ojf a¢

constant rate. Which giagram
speed, speeding and siowing down,
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T COm

You observe that your car accelerate from rest to 140 kmfh injust‘-i?ﬁ seconds

on straight road towards east. What isthe acceleration of your car.

g GIVEN:
initial velocity Vv, = 0 km/h East =0 m/s East
final velocity V¢ = 140 km/h East = 38.88 m/s East

time elapsed At = 17.6s

REQUIRED:

acceleration a = 7
L

From the definition of acceleration, equation 2.7 gives

L AV L=V ; _ (38.9-0)ms

AN _ Yy Vi putting'values| 9= East

a7 At e PRUESTY 1768 45\

: : FXTENSION | LERCISE £. £
17.65 | driver apply breaks in what

therefore G = 2.2m/s* East B\ s wer direction. l1|ghei_ : "““lﬁ““

m ¢ AR'S ACCELERATION

If in the same éxpeﬁmentyw take the readings of the speed mete
20 km/h in the 4" second and 32 km/hin the 9 second. What is tf
of your car in this interval? v i

INTERESTING INFORMATION
Cmﬁnentnlnriftisthem\fementnftl‘mﬁatﬂfs continents relative 1o
other, thus appearing to «drift’ across the ocean bed. The continental plates
(therefore continents) MOve across the surface of the Earth at the geologically
<low rate of 1-10 cm/year or 1-10 m/century. This s about the same speed that
fingernails and hair grew. ‘ ' 2 te
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' difference divided by
The slope of the 8raph in cartisian |.F'8Ure 2.8 e o
Coordinate SyYstem can bpe

calculated as
1. Pick two points P, and P

2. Detwinethecoordinates Pi(x, y)
and P, (X, v,), by draw:‘ng

Pérpendicular on x and y-axis from
both points. :

3. Determine the difference between
X-Coordinates (Ax = X, - X) and y v’

‘Coordinates M’ﬂfr“)’d- \

|

Distance lime Graph
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object which covers a distance of
100 m in 105, the slope of distance
time graph will give speed as
equation 2.1 0 can be writtenas

As Sp— i

———

slope=-—=7"
t -t

0

0 = REnESER
which of these graphs ' Which of these graphs
has higher speed? | show increasing speed?

At

from equation 2.1 it is’ definition
of speed, therefore

100m-0m _100m 1
peedv =—5 s 10s

' linearly with time. The| non-line®
1 v -ﬁt o] i-s:' L _l_l -J - ‘. o '.. -;rl‘l' | y gr I‘
X St o e o _: = A .

11"&"5!'." .§ince there is no.
| :
I

e —

e —

2.4.2 SPEED - TIME GRAPH

The graph plotted between speed (V) and
graph. In this graphical analysis the speed is plotted along vertical axis (y-axis) and
time along horizontal axis (x-axis). Speed time grapnis useful for two purposes.

A. Slope or gradient of the graph gives magnitude of acceleration

B. Area under the graph gives distance traveled.
A. The siope of speed time curve gives magnitude of acceleration.

Consider the mation of the object which speecs un from 0 m/s to gam/sin4

time (t) is called speed-time
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B) Area under Speedtime graphs represenf the distance traveled-

F'ﬂrﬁ 2.12 Speed Time Graph Area
=1 :__f_l_-i-__.‘ _;_T:;; .."'.I

under a graph, wEarenottalkingabﬁut
the literal mber of square pEL Speed
ﬂﬂﬂﬁhﬂ’k e ﬁﬁﬁpme*gbut the _‘_‘j VimsT
q €5 under discussion. From T
€quation 2 1the5peedi5derﬁned-as S
speed — _ distance

] [
—r .

| Ni-T=

']
—— O

5

ple j - area of rectangylar shaded region for the
SPeed time graph of an object in mation as shown in figure 2.12 The area ‘a’ of
rectangle Mathematically is length “I” into width ‘W'

Aréa:fengthxwfdth or A=/xw or Azatx.-.wzﬁv::ﬁt

Putting valyes from graph _A::{.B-ﬂjms“_'x(-tlhﬂjs or A=B—?x4s
therefore A=32m |
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23U, COITI

estimate, at least 6 million more people will die and 60
ng the next 10 years in road accidents all over the |

According to an
million will be injured duri

world if proper preventive measu
Traffic rules violation and lack of adequat

pakistan has claimed 45,000 lives in 90,000 road accidents in

It is also recorded that about 87 perce

accidents were just due to the negligence of drivers & :
that indulged in over-speeding, and wrong overtaking.

Motorcyclists aré most vulnerable 1o

injuries, for not following traffic rules. Therefore KIDS

when you grow up, you first have to acquire license and

then make _youmelf aware of safety standards before
ber the words - SPEEDING THRILLS

S T peed of rectangular shaded region in
represents e actually distance the body traveled.
similarly, if W€ want to [ T 21l
calculate the area of triangular shaded
region for the speed time graph of an
object in motion a3 shown in figure.
The area (A) of triangle is half of aread
of rectangle, which can be written |
mathematically as vy

Af’EﬂL‘%!EﬂEEﬂEVﬂdth I 2L e ._'-;-"j__f‘:'.-.,._j,- BT Lt
et 2 ;:,':._l_* =" : B L 1=

Azlxlxw
2

or A:J—xﬁtxﬂ'i':lx&v:{ﬁt
2 2

putting values from graph A= %x(ﬁ -‘G]ms“ x(4-0)s

o A=-1ixsﬂ;-x4s therefore  A=16m
The area of triangular shaded region in figure 2.13 is 16 m. The quantity it

representsis actually distance the body traveled.
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M&gmmdenfm]mtmn a= 25t —Dm__ =
10s—05 105

resented by line AB -

(i) From 10 s to 40 s, The slope is rep
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Sz -
Magnitudeof acceleration a = [ ?i’i‘i__ =0 ms
40s—30s

(iii) Inthe last 5 seconds

Total distance _ '
A OAE rectangle ABDE

S ={'11' < @5ms~ x 108)}+{25ms™" x 3053 *{’1i ¢ Ve . %580
or S=125m+750m+ az.sm#%‘?;iq'—ﬂ

The total distaﬁ:e covered by car is 937.5m

c. Now the average speed can be calculated

total time €.
Total distance = S s 937.5m
45s

Y ==
Total time
therefore <V >=120.8 m/s __

speed of the car is 20.8 m/s

when distance s is divided by

The average
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g

many interesting Problems.
In this discussion we chose the initial time to be zero t, = 0, and final time t,

=tsuchthatﬁt=t,-t,nt-ﬂ-t..ﬂlsowe
mm.inﬁmlpnﬂﬁmmm:ema=0
-andﬁnalpositims,=s,mhthat
dis;p}_acementm=s,ns,-;i-ﬂ=,m- , aa A

~ The object has initial velocityy, |~ |
at point A, which changes uniformly to
point B as v,. In the plot OA = pC
represents initial velacity v, and DB
represent final velocity v,. Here time t
isrepresentedbyDD=AC-LTheﬂope
of the line AB is

A.. First Equation of Motion:

1

First eq -+ motion gives the relation of final velocity ‘v’ in terms of

initial velocity . and acceleration ‘a’ in time t. From the graph it is clear that
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DB=DC +CB

putting these values in graph
equation we get

v, =v;+at —58

8. Second Equatic of Metion:

second equation of motion relates displacement s with initial velocity ‘v’
and acceleration ‘a’ in time ‘. As the area under velocity-time curve represents
the displacement ‘s’ as shown in figure 2. 14. Therefore, the displacement s of the

object is: i
displacement _ Area of rectangle _  Area of tnangle
OACD A ACB

S
v

s — (OAx AC) +% « (AC x CB)

B —

P ———— e o

i v | | = A a - I
| :

spresents, timet

e ————

initialvalonty /R |
| Liiiesiegmeﬂtt:ﬂ, Wy
terms of slope is B
putting valuéﬁ

S =V; xt+% x (tx at)

1 |
therefore 5 = Vil +E at’ ==- '

¢. Third Equation of Motion:
Third equation relate position s, velocity v (both final velocity v, and initial
velocity v,), and constant acceleration a without including time t. The area under
the curve can be calculated by taking the total area of the trapezium OABD. The
velocity-time graph the area of a trapezoid OABD will give the total displacement

—_—

5=%[0_A+ﬁ}x§ﬁ |

T T 0
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utt !
putting values s=i(v, +Ve)xt

From first equation of motion

or “f=V;—v; or o \P'!-",il'j
- a

FYl o }t‘l’; M“f-—ia_L“" ot/ L ap. Ve e 2
- e ;1. wrifn 1‘\- > =j| : ﬂ

K B A £5

S =22 Wi Vv, —v;)

crerore Wf+Vf}{vf a'-:..-_Vf}t F} ...yfz | | The area of a trapezoid is given o

o |

- ¥

1

which is simply the average of the
parallel sides multiplied by the|

a. Final veluﬁ =
Total time t L2 s tyv,=?

b.l Diﬁtance5=?
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a. To find final velocity we can use the first equation of motion

vy =v;+at putting values vy =Dm/s+1.9m/sl ::225

therefore vy =41.8m/s __.m

b. For the distance covered, we will use
second equation of motion

1
putting values >~ ""'It"'i at*

s=0m/s :-:225+-12— x1.9m/s* x(225)°

therefore s =459.8/m —m

Assignment 2.5

Ireqnnremdmnaehisvelocityfmﬁm

CONMMERCIAL AIRCRAFT R

AcwlﬁtmmMngwﬁh unﬁmnacceleraﬁmoﬂ Irn!s‘ mmummut
/sto12Zm/s.

IUNWAY LENG

ABOEII’@W alrcrﬁft ta!:esvoﬁ-at”l‘?ﬁknﬁﬁ ar accelerating from restat £
m/s'. Vﬂmtis;hemmimumwaylengﬂ\mm b et el Y

GIVEN:

initial velocity v, = 0 km/h = 0 m/s
final velocity v, =295 km/h = =81.9m/s
a:celeratmn = 2.80 m/s'

cmmmmm

295km/h=——

295x10° m _ zgs,ma _ 81 gm”

60=60s

- Time is nntgwensuwevnllmemetmrdmﬂnnofmﬁﬁn

'b"!"V]
2a

2as =vi-v{ or s=

6707.61m% I 8

5.60/5

5=

putting values 5=

81.9ms™")? —(0 ms ms™')
2 x 2.80ms™’

or [5'8=1 197.7875m

m
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The units came out correctly as for W
displacement (meters) but we have to correct At landing, the 777 s velocity is
the number and express in three significant | o the same as at takeoff,

figures. _ | and after touchdown its
$=1200m  5=1.20x10°m -5_=1f30kﬂll acceleration «is normally
between -2.0 m/s’to -2.4 m/s2
How does this affect |
consideration of a safe runway
length?

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.

Assignment 2,6 BTV

On Motorway M1, a car is moving at speed limit of 120 km/h. By applying breaks
car ¢ umtdref:;taftemmjerlnﬂa distance of 30 m. What is the deceleration

3 kol O S

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
which air resistance is neglected and the
acceleration is neartly constant, is known as
free-fall.

The acceleration of a freely falling (a) Air filled (b) Evacuated
body is called the acceleration due to gravity, tube tube
and its magnitude (without any algebraic | (@) In the presence of air
sign) is denoted by the symbol 8. The | resistance, the acceleration of the
acceleration due to gravity is directed | rock is greater than that of the
downward, toward the center of the earth, | paper.

_ V’'ssurface oi ' (b) In the absence of air resistance,
Near the earth’s surf ce, g is approximately Both the reck o) .
8= 9.80 m/s'or 32.2 ft/s’ the same acceleration.

T . T —
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DM
Figure a shows the well-known phenomenon of a rock falling faster than a
sheet of paper. The effect of air resistance is responsible for the slower fall of the

paper. When air is removed from the tube, as in Figure b, the rock and the paper
have exactly the same acceleration due to gravity. In the absence of air, the rock

and the paper both fall freely.

Since the acceleration is constant in free-fall, the equations of kinematics
can be used. In these equations we replace acceleration ‘a’ with acceleration due
togravity ‘g’ and distance ‘s’ with height ‘h’.

vy=v+gt  — LR
n:-vft.ﬂ-% ot — —RD
2gh=v} -vi ——ERED

When an object moves with the gravity acceleration due to gravity is taken
as positive (+g) and when object moves against gravity, acceleration due to gravity
is taken negative (-g). 2Bt

=T= ) A N

CON

GIVEN: : REQUIRED:
Timet=3.25s a. Height h =7
Initial velocity v, = 0 ms’ b. Final velocity v, = ?

Acceleration due to gravity ¢ = 9.8 ms’

a. By second equation of motion h= v,t+—l-gt1

putting values  h=0ms™'x3.25+ .% 9. 8ms2 x(3.2)%
therefore h=50.176m
Rounding off to correct significant figures f B Answer

T N WY
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B. By First equation of motion Vi=V;+gt

PUtting values v, =0ms ' +9.8ms 24325

therefore Vi =31.36ms"’
Rounding off to correct significant figures

'v'! = 31m5—1

C) Vibratory Motion
completely specified by its Magnitude, that is, a

called scalars.
Vectors: Physical quantities completely specified by magnitude, as well as
direction are called vectors. | ;

. rtest distance from the initial and final position of a
body is called displacement. |

Speed: time rate of chan

ge of distance is called Speed it is a scalar quantity,
Velacity: The time rate of change of displacement is called velocity it is 3
vector quantity. |

ACCEteration: Thetime rateo

f change of velocity is called acceleration,
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Galileo’s work on falling bodies. What did he
at arguments did he use to prove that he was
logic, findings of other scientists, or other

GALILEO’S WORK: Research

wanted to demonstrate? Wh
right? Did he used experiments,

approaches?

SPEEDS AND ACCELERATIONS OF

T

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 akill.

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

limits.

body can withstand without blacking out.

maximum acceleration a human
design of common entertainment

Discuss how acceleration impacts the
(such as park rides) or transportation devices:

CAR RIDE: Go by a caf, record the odometer, and the speedometer for every
20 s for about 5 min, Create representation of the car's motion by distance-
that area under the speed-time curve

time and speed-time graphs. And show
gave the same result as the difference in the initial and final readings on

odometer.
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%
,

A EXERCISE §

1.
=

a1

M © The avera:el/speed of a bus is 20ms”, how far can it travel in 10s?
U e ST .
W A 100 m B200mC. 150m D. 250m

B ® A truck accelerates uniformly from 15ms to 20m" in 5 s. What is the
; acceleration of the truck? :

b 4

B A-2ms"B. 1.5ms”C, 1 ms?D. 2.5 ms?
- © Acar moving along a straight line at 20 m s under
acceferation of 4ms’, After 2s, its speed will be

A28 ms"B. 16 ms' C. 12 ms” D. 8 ms"

N oA tﬂrd begins to accelerate at a constant 0.3 m/s’ for 3 s. Its change in

A. 0.9 pﬁﬁts m/s .. C.A1.95mis <[ _D:2.4mis

o0 Acaris g gghaﬂcwanés;’g _'.:i..fn!sghﬂé‘r'fﬁsdf uniform acceleration,
the car gmngrnrwar at 10 m/s. The acceleration is
g A05m/S  B.O75Sm/s  C1s m/s’ D.5 m/s

i @ The slope of %fﬂ%
{_!_l A. acceleration B. change in acceleration C. spgl&d D. distance
Ml @ The area under a speed-time graph represents:

B A acceleration B. changeé in acceleration C' distance D. velocity

O Astudent riding his bicycle on a straight flat road covers one block
every 7 seconds. If each block is 100m long, he is tra

_ veling at;
A. Constant speed  B. Constant velocity C. 10m/s

goes an

D. BothAand B

fallen 4 m, you drop a second rock. As the rocks continue their free
fall, their separation

A. increase B. decrease C stay the same D. none

S SR
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CONCEPTUAL QUESTIONS

Giveabriefresponsemﬂ\efolhwlngqmn-

© s it possible that displacement is zero but not the distance. Under what
condition displacement will be equal to distance.

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

@ s it possible for an object to be accelerating and at rest at the same
~ time? Explain with example.

@© Can an object have zero scceleration and nonzero velocity at the same
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: : e .

@ As a freely falling object speeds up, what s happening to Its '
acceleration — does it increase, decrease, urstaythesh?

@ A ball is thrown upward with an initial speed of 5 m/s. What will be its

speed when it returns to starting point?

COMPREHENSIVE QUESTIONS

Give an extended response to the following questions.

© What is motion? Describe that motion ic 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. Explain with example the graphical
representation of vector quantities. -

® What is position. Explain the difference between distance traveled,
- displacement, and displacement magnitude.

& State and explain the terms:

a. speed b. velocity c. acceleration
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ly tra\réung at 25 m/s hits
tion of -20 m/s?. Find its d

a sand trap and slows
isplacement after 2.0s,

With what speed
rise to a maximy
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Force cause
acceleration

DYNAMICS

After studying this unityou should be ableto

/ Define momentum, force, inertia, friction, centripetal force.

v Solve problemusing the equation {Forge= change in momentum/change in time.

v Explain the concept of force by practical examples of daily life.

s State Newton's laws of motion.

~ Distinguish between mass and weightand solve problem using F=ma and w=msg.

v Calculate tension and acceleration inastring during motion of bodies connected by the
string and passing over frictionless pulley, using second law of motion.

< State the lawof conservation of momentuim.

s Use the principle of momentum conservation in the collision of two objects.

+ Determine the velocity after collision of two objects using the law of conservation of
momentum.

< Explain the effect of friction on the motionof vehicle in the context of tyre surface,
road conditions including skidding, braking force. . |

¢ List various methods to reduce friction.

v Explain that motion in a curved pathis due to a perpendicular force on abody that
changes direction of motion but not speed.

+ Calculate centripetal forceona body moving in a circle using mv*/r.

/ State what will happens toyou white you are sitting inside a bus when the bus

v 1.starts moving su ddenly 2. stops moving suddently 1. turnsa comer suddenly

+ Write a story about what may happen to you whenyou dream that all frictions suddenly

disappeared. Why did your dream turn into night mare?

C
H
E
C
K

L
|

S
T

60
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As discussed earlier mechanics deals with the study of motion of
objects. But few questions like why some objects are accelerated and

Physics which deals with the study of motion by analyzing the cause of
motion is called dynamigs. e

We can think of diffe

L

-

o A which We cah move this textbok. We cart
ing around it and pull on the string, We often call
€ force is exerted when one object comes in

these cont Ct_forces becau

contact forces, field forces or action-q t-a-
distance forces.

Forces can cause objects to start
moving, speed up, slow down, or change T I
direction as they move. In other words, to fo
accelerate an object, a force is needed. But | el
sometimes we apply force and object does | S SR
not move. For example when we apply force | ..
on a wall— wall does not move. At times we
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cannot even stop a moving body. For example, we fail to stop a moving truck even
if we apply force.

—TION OF FORCE ) Farce i a physical quantity which move
WEW-WHFWTW-RH{JHMMW i s |
In other words force is a physical quantity changes or tends to change the
velocity (bothin magnitude and/or direction — acceleration) of a body. InSystem
international (S1) the unit of force is newton (first letter small) and is represented

by symbol H.bne newton is defined as the force that produces acceleration of one
meter per second square @=1m/ s') in a body of mass one kilogram (1 kg).

iN =1!:g;~-=:1r*ru's1 or H:Rgmfsjj

s or tends to

|saac Newton (1642-1727) was
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
philosophiae Naturalis Principia
Mathematica, as shown in figure. The English title of Newton's 1687 treatise
:s The Mathematical Principles of Natural Philosophy, which is often

referred to as Newton's Principia.

3.2.1 NEWTON'S FIRST LAW OF MOTION:

Statement:

If the net (external) force acting on an object is zero, the object will
maintain its state of rest or of uniform motion (constant velecity).

 |n other words, if there is no net force acting on an object, its velocity will
not change. If itis at rest, it will remain at rest: if it is moving, it will continue te
move with constant velocity (zero acceleration; no change in speed or direction).
Mathematically, first law can be expressed as :

Fop =0 g ap=0 - or . @=0
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The first part of the (aw sates that a | Figure 3.2 JETTEApeE-yn
body at rest will Fémain at rest if no net
force acts on it. This part of first law is easy

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 continye to move
in a straight line with uniform speed if no net
force acts on it. However our daily
observation is against this. For example if

time. Eut careful studyof the moving ball
shows that there are forces (I ke friction and

that is just €nolgh to move a car
will cause only a small change in
mation of a truck. In.comparison to :
the car, the truck has a much | A
greater tendency tg remain at rest,
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A)

Using Newton’s
also called law of inertia.

Newton’s first law 1s <ometimes called the law of inertia:

first law of motion help us to define inertia, therefore it is
Inertia is the natural tendency of an object to remain at

rest or in motion at a constant velocity. The mass of an object is a quantitative

measure of inertia. S Unit of

Inertia and Mass is kilogram (kg).
The larger the mass, the greater is
the inertia.

B) We canfeel 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,
because our body. resists the L
increase in speed. If the car turns a
corner, we feel as if our body is being |
pushed against the door, because
our body resists the change in the

direction of motions If the car.stops
suddenly, we feel as if our body is
being pushed forward, because our
body resists the decrease in speed.
These situations are shown in the
figure 3.4, wherea motorist feel the

effects of changing accelerations.

Figure 3.4 Feeling Inertia

E 7 |
inertia of motorist makes her feel like she is
being thrown forward.

- |
inertia of motorist makes her feel like she

wants tocontinue moving in astraight line.

Inertia of motorist makes her feel like she 1s

being pushed backward.

s

Using Hmﬂ'sﬂmtmwwemﬁwfﬂe loth withe
or breaking items placedonit. ... |
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The net force'F'on a

product of the body’s mass m
a.

body is equal to the
and its acceleration

OR

A net force (unbalanced force) applied on
the body produces an acceleration“a”in the bady.
This acceleration is directly proportional to the
magnitude of the net force and inversely
Proportional to the mass of the object,

—0
. —®

The acceleration is in the same direction
as that of the net force. Combining equation 1 and
2 we get

axF
1

(4 s &

F B
Qx— or u:irzalz—Ji
m m

Ifm=1kganda=1m!s‘, thenF=1N, _
Suhst-itutin_g inF = kma, we get k = 1 and so

we can write
F &

@=1x— or g=' therefore Fzma—m
m m

will be largest when force ‘F’is large and mass ‘m’ | cnristmtismed “

ograner o T ]
- Which has more mass:as
kilogram of cotton balls or a
kilogramof gold?

halt completely for male
|Passengers on bus stop, They
and we are told to step down
which the bus is moving. Why? J

oportional to each other,
as one increases, the other
Increases also. However,
|When two things are
inversely proportional to
To change Proportionality
into equality usual ly a
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Tmtfm%mqmmdtemdmemmﬂmﬁmqﬁw /stin
rrmnwwkgandmemmumwm;f e with mas:

VEN:
ﬁa ¢ cricket ball m = 0.16 k REQUARED: ~
ss of cricket ball m =0.15 %5 Force on cricket ball F, =2

Mass of Metal Ball m, = 4,00 kg i o reakal BAICE, < 7
Acceleration a = 6.00 m/s’

By Newton's second law Fr =mca
putting values Fc =0.16kgx 6.00m/s” or Fo =0.96 kgm/s
since N=kgm/s’

therefore Fc =0.96N —Enias

By Newton’s second aw F. =mga | I%n A6 M both ricket
putting values Fg = 4.00kgx6.00m/s? ,.anﬂ mqt@l ‘ball in tl;rim

or F5—24kgm!5

since  N=kgm/s® therefore Fs = 24N ——m

This example shows us that for same acceleration a large farce is
required for large mass, and small force 1s .required for small mass.

Statement:

When one object exerts a force on a second object, the second object
exerts a force of the same magnitude and opposite direction on the first object.
When an object Aexert force on object B written as F.., object B also exert equal

force on object Awrittenas F,, but in opposite direction

. Fasz’FaA '—m

Here the negatwe sign shows that force F., is opposite to force B
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When a football is kicked, the foot
exerts the force F,; on the football and as 3
reaction to that a foot ball exerts an equal
and opposite force F,, on the foot.

Fnu £ "Faﬁ,

The force of A on B is equal in
magnitude and opposite in direction of the
forceof BonA.

Sirlsaac Newton described these two : — _
forces as action - reaction pair. To every [i8ure 3.6 BVaeRhEEETastl
action there is an equal and opposite

reaction
reaction. Action reaction cannot neutralize
each other because they act on different
bodies (action on one body and reaction on
another body). -
We can feel reaction: g?mme;peﬂ; i:tanm ﬁ:
. When we push against the edge of a {.air as reaction apply force on the
table [ﬂtﬁﬂ'ﬂ). 'Ourhaﬂd 's .'rhipE‘iS ChangEE, ' _;_';i__:_-' 0 make it move .'1.\' ard. I_
this shows that a force is being exerted on it ' e
(reaction). We can see the edge of the table pressing into our hand. The harder we
push against the desk, the harder the desk pushes back. (We only feel forces

exerted on us; when we exert a force on another object, what we feel is that
object pushing back on us.)

ACTIVITY BALLOON FORCING AIR OUT
| * Tieone end of the string to a
chair. Thread the other end of - : :
the string through the straw. * A

* Pull the string tight and tie it
to another support in the

* Blow up the balloon, but don't
tie it. Pinch the end of the balloon and tape the balloon to the straw as shown in
.ﬂgu'-e_ | , :

* You're ready for launch. Let go and watch your balloon racket fly!
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You know from unit 2: Kinematics that
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

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 ta gravity is ‘g’
or ‘a=g’ . Substituting these into Newton’s second

law gives
w=mg — KB

Since g = 9.80 m/s’ on Earth, the weight of

a 1.0 ke object on Earth is 9.8 N, as we see@: w =
mg = (1.0 kg)(9.80 m/s’) = 9.8 N. Voo Al
The acceleration due to gravity g varies | maes BARER
slightly over the surface of Earth (we will discuss it the same, resa
in detail in chapter 5; gravitation). So that the \ocatiof
ght of an object depends on location andisnota | weight deper

operty of the object. Weight varies on large scale | acceleration
ne leaves Earth’s surface. On the Moon, for | € it of
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N GIVEN: - REQUIRED:

M Mass m =60 kg weight on Earth w, = ?
Acceleration due to gravity onearth g. ='9.8 ms?
Acceleration due to gravity on moon g, = 1.6 ms®

weight on moon w,, = ?

- " (a}. - Weight of girl on Earth . w; =mg,
i | putting values We =60kgx9.8m/s*

- e il .
o Y
C W Siseor - W = 588kgm/ s?

" o LLL 3
.Lc. ‘1'!_-_‘___:

since N ~kgm/s*

therefore  w: = 583N —onas

| (b} Weight of girl on Moon ~ w,, = meu

putting values  —60kgx1.6m/s2
oF Wy =96kgm/ s>

since N =kgm/s?

b - -ibhél;efﬂre--- s W = 96 N —m

What is the acceleration produced by a force of 12 N exerted on an object of
mass 3 kg? (Answer: 4ms ) .

Calculate the mass of a body when a force of 700 N, produces an acceleration
of 12.5ms”, (Answer: 56 kg)

—

LINEAR MOMENTUM*

The linear momentum ‘P’ of an object is the product of the object’s mass
‘m’and velocity ‘v’. Mathematically

P=mv — RS
Linear momentum is a vector quantity that points in the same direction as

the velocity, Si Unit of Linear Momentum is Kilogram-meter per second (kem/s or
kgms '), or simply newton-second (Ns).
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Momentum measure the quantity of motion in a body. It is our common
observation that large force will be required to stop a truck than a car moving at
same speeds. Because truck has a large mass than a car. Similarly itis easy tostop a
rolling drum of coal tar of mass 50kg moving at a speed of 0.1 m/sbut it is dlfﬁcult
tostopitifitismovingatdm/s.

STNCERD MOMENTUM OF AIRGUN SHOT

‘Aniron shot of mass 6 g is fired with an airgun.
If the velocity of the shot is 62 ms~, what is W'T‘
ﬂ-nemagﬂmdeafmmntwnt S it

putting values P =0.006kgx62m/s
therefore P =0.372kem/s

Hence P = OEHHS—m

Assignment 3.3 FASTE'&T RECORDED BALL SPEED IN ww C,.ﬁME

S} GIVEN: REQUIRED:

8] Mass m =6 g =0.006 kg magnitude of Momentum P =1
W velocity v=62 ms™

ol by definition of momentum P =mv

T

[ in magnitude P =mv

O

N

3.4.1 FORCE AND CHANGE IN MOMENTUM

When a force ‘F’ produces acceleration ‘a’ in a body of mass ‘m’. By
Newton’s second law of motion it is written as

F=mi —§) |
The acceleration produced changes the velocity of the body from initial

velocity ‘v,' to final velocity ‘v,’ during time interval ‘At’. Then by Definition of

acceleration =)
9
At

a—

Putting equation 2 in equation 1

* V, Vv _ (mV.-mv A P=R
F=m|-L—-L| or F-= L ' or F=|-L L d.
At At |
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since AP =P, - B

therefore F _ AP ——m
Al

The time rate of change of linear momentum of a body is equal to the net
force acting on the body. This means that for sudden change in momentum force is
large and vice versa,

INTERESTING INFORMATION FRAGILE OBJECTS

IMPACT CRUMPLE OF CAR

are built so the front end crumples m =1200kg v, =0m/s

upon impact. A. 1200-kg car s traveling ata
] Constant velocity of 15.0 m/s [E]. It hits an
stopin0.25s. .

a) What is the average net force exerted

v; =15m/ s[E]
—>

LA MM Ly

GIVEN: REQUIRED:
_M_eixssnfcarm=1200kg (@) Average net force

final velocity v, = 0.0 m/s
a).time interval (deforming) At = 0.25 s
'b) time interval (rigid) At = 0.040 s

(b) Average net force (rigid)
F=7
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* ) | : = F _-.-
a) by Newton's second law in terms of momentum F= m( i f}

putting values F =12{}Gkg[0‘15'0m’r5[51J

0.25s
- > =—18000kgm!s[E]_
0.255
or F = -?ZO{I}kg m/ 52 [E]
5 F — —72000 N[E] '
o F =72000kgm/s* [W]
therefu;*e F =7‘ZU{JDN[W'] ‘—‘m * .
b) by Newton’s second law in terms of momentum F=m (V‘L_ ;:{]
AR 0 15.0m/s[E] S
F =1200k
putting values 8 [ 0.040s ]
[ 718000 MEIA 4- § - |
12 | gy SR F il ; )
9 ﬂg‘rﬂs — ;;_ S )1\
= F — —450000 kgm/ s [E]
- F - —450000N[E]
or -~ F=450000kgm/s*[W]

. therefore  F=450000N[w] ——(EINE)

The average net fnrcg exerted by the wall on the car is () 7.2 x 10° N [W] when
it crumples, and (b) 4.5 » 10° N [W] when it is rigid. The change in momentum
is the same in both parts is -1 8000 kgm/s, but the time intervals are different.
So the average net force is different in both situations. The magnitude of
force on the car with the rigid frame is more than 6 times greater than when
the car crumples.

Assignment 3.4 Jyeiias REQU'.RED TO STOP A TF. _.'t“F' AN D CAR
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hard surface, like the plate in Figure (a), the
€62 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

' o e 7 @ (b)
accelerate the egg to rest is much smaller, By

_ R ek A ad B RS PO v direction direction :
applyin lefmtﬂmmwalﬂ@ﬂ of motion of m::-tiunl

.. ..... J! -I. ‘ = -..;- .ﬂ';.-lﬁ“-uwn mt_h-e m&

- the egg's momentum a8 the hard  1ora T~ .
plate, which applies a large fo Te tverashort:  plate 1‘

withstand it 8p-F at a-_at
e 1, T () {d}

ISOLATED SYSTEM

We are often interested in the behavior of
a collection of particles that interaét only ‘with - ann e
each other. We can draw an imaginary boundary |HOW rockets move: and
around the particles, but complications can arise. if accelerate in space where
some of the particles experience net forces that | there is no air_for them to
originate outside the “system” boundary. In order Push against.
to effectively study interactions between particles,
we must limit our focus to isolated systems of particles.

An isolated system is a collection of particles that can interact with each
other but whose interactions with the environment outside the col tection 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 f

negligible effect on the motions of the molecules |
and container. L
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~ For an isolated system there is no net force acting F = 0, therefore
Newton’s second law in terms of momentum (equation 3.5) can be written as

=28
At
5, _ P g
or 0= i by cross multiplication 0=P; ~R
Al

therefore P, =P, — 3

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 a system of particles, the total momentum of the system cannot change.

3.4.3 CHANGE OF MOMENTUM AND COLLISIONS

An event during which particles come close to each other and interact by
means of forces is called collision. The forces due to the collision are assumed to
be much larger than any external forces present.

Consider a system consisting. two objects A and B of masses m, and m,
moving rfth velocities u, and u, respectively, such that after collisions their
velocities change to'v, andv;. The total mementum of the system befare collision
is

A= MUy + My

The total momentum of the system after collision changes to
Py = myvy = myvy

By law of conservation of momentum
B =P

therefore  mMyVv4 -+ MyVy =Myl + LU m

Before collision During collision
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Ball A having mass 0.05 kg moving to the right at veluclty 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, batl Amoves to the left at 0.30 m/s. Fmd the final velocity of the ball B.

GIVEN: REQUIRED:
Mass of ball A m, =0.05 kg Velocity of ball B after
Mass of ball B m, =0.20 kg collision v,=7

Velocity of ball A before collision u, = 0.50 m/s
Velocity of ball B before collision u,= 0 m/s
Velocity of ball A after collision v, = - 0.30 m/s

By change of momentum and collision between
two bodies

a—

—
My + My v, = myuy + m, U, EEfErE DH:sn_,n

rearranging mpv, = MW, + myu, = M4V

dividing by m, on both sides
e il +MyUy "‘3!_1'["-"1 T ol L
mz _hTtE-'i[_':'?!'E. on
putting values
0.05kg x0.50m /s +0.20kgx0m/s -0, 05k3x~0 30m/s
Yy =
0.20kg
L2 S D.ﬂZSkgm.!s+Dkgmfs+q_ﬂ15kgmfs
: 0.20kg
_0.04k8m/s
e T g0k

therefore v, =0.2m/s _m

Velocity of ball B after collision is 0.2 m/s

Assignment 3.5 KoL BOARD COLLISION

d-on coll "'.'.'j,..',adiskhavinamss ﬁ.ﬁﬁ'&kg
stﬂkernmmﬂteﬂgn;ﬂmg__ the
m. L,"q'_'__';f'theﬂwaivelﬂeityﬁfﬂ!edisk '
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il

4 CHANGE OF MOMENTUM AND EXPLOSIYE FORCES

An explosion, where the particles of the system move apart from each
other after a brief, intense interaction. Explosion is the opposite of a r:ﬂllisfﬂn*The
explosive forces, which could be from an expanding spring or fmm expanding hnt
gases, are internal forces. If the system | :
is isolated, its total momentum during |Figore 3.8
the explosion will be conserved, by the ‘
law of conservation of momentum |

= sulatéd System

Firing of rifte: ——t
Consider an isolated system nf

bullet of mass m and rifle of mass M. |

Such that before firing the total
momentum of the system is zero.

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.

e Ny MY =0 —— R

, "Due to the large mass of‘the rifle it recﬂila mth much lower vel&c:lty
compared to the bullet. et

TR R RECOIL OF AK47

Abullet of mass 0. l}ﬂBkglsftred from Ak47 nﬂe mﬂu
mhﬂhtls?‘lﬁmﬁ mmamdbethe_

ll‘-._ l'

GIVEN: REQUIRED:

s alipeliet m =0.000:44 Recoit velocity of gun after
Mass of rifle M =4 kg firev,=1 :

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

By change of momentum and in terms of =1 te and bullet

mvy, +Mvg = 0 ar M‘-ﬂ'ﬁ ='—mu.q_
oy P mv
Dividing hoth sides by M Vg =—r—2
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ocostsrismrs [ EEEIEETER
putting values v, =— 008kgx715m/s

4kg Will you want to fire with a rifie
5.72km/s of mass 0.008 kg having bullet
e YT 4k of 4 kg, ejecting with a muzzle
speedof 715 m/s?
therefore vo=-1.43m/s m

The minus sign indicates that the Ak47 rifle’s recoil is to the left. The recoil
speedis 1.43m/s.

- ESECUILEE NS CANNON RECOIL

A 200-kg cannon at rest contains a
| 10-kg cannon ball. When fired,
the cannon ball leaves the cannon
with a speed of 90 m/s. What is ™

the recoil speed of the cannon? before firing

=

ROCKET PROPULSION AND THRUST

A _phenomenon. similar to muzzle velocity
occurs in. rocket propulsion. The rocket ejects gases
from its tail at a high velocity, just as a rifle ejects
bullets or cannon fires a shell from its barrel, A rocket's
mass isn’t constant because the fuel it contains is
constantly decreasing. Thus giving acceleration to the ,
rocket called thrust. Any space vehicle is maneuvered = ..
in empty space by firing its rockets in the direction
opposite to that in which it needs to accelerate. When
the rocket pushes on the gases in one direction, the
gases push back on the rocket in the opposite
direction. '

3.5 FRICTION

riction is a force that opposes relative motion or attempted motion
between systems in contact. Friction is denoted by I.?Er f, since it is a force
therefore it is a vector quantity and has unit as newton (Ny Frictional force is
around us all the time that opposes motion of one body over another body .in
contact. When we rub (slide) cur hand on a table top, we can feel the friction
Opposing this motion. We need it to both start and stop.a bicycle and a car.
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CRER TRy
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¥

Every surface is ruugh even surfaces that@
appear to be highly polished can actually look quite

rough when examined under a microscope. Some
surfaces are mare rough. than others. Therefore
when one surface slide over another, these
irregularities 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
motion and result in friction.

.El.-F-.Il;—l:' '.-..'I'-f

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

perwndicular.]

Consider a book resting on a hunzuntg[ |
table’s surface. By Newton’s third law the book -

exert the force on the table due toits weightand as |

a reaction 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 from falling through the table. if no
other vertical forces act, the normal force on the
book is equal in magnitude to the book’s weight.

If the surface of the table is not horizontal, |

the normal force is not vertical and is not equal in

magnitude to the weight of the book. Remember
that the normal force is perpendicular to the
contact surface. Even on a horizontal surface, if
there are other vertical forces acting on‘the book, -

then the normal force is not equal in magnitude to
the book’s weight as shown in figure.

s ST s el e g e R W - . 2 .

Cikrean
Le—d

Microscopic
contacl points

Weight & |

Normal Force

Weight

Normal Force
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The frictional force that tends to prevent a stationary object from
starting to move is called static friction denoted by f,?Fnr example, when we

push horizontally on a heavy crate. The crate does no 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 move. 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
toslide. So we can say that, there is a maximum magnitude of the frictional force.
When we exceeded that maximum magnitude, the crate started to move.

ninelic friction:
ghe frictional force that acts against during motion of an object in a
direction oppaosite to the direction of motion denoted by f,.

started moving it accelerates, means that kinetic friction is less than static
friction (f, < f.). In order to d rag the heavy crate with constant velocity we have to
reduce the force to make it equal to kinetic friction. Table 3.2 shows a similar
situation. .

) .

Ablock rests on' a tabletop, with the weight W ~

- balanced by a normal force F. There is no
 attempt of sliding. Thus, no friction and nar
- motion. ' |

We exert a force F on the block, attempting to n
pull it to the left. In response, a frictional |

~ force f is directed to the right, exactly
balancing our force. The force is called the |
static frictional force. The block does not |

Coee ) SOENENERN O e

As we increase the magnitude of our applied - Mo Rtion "

- force, the magnitude of the static frictional | =
force f, also increases and the block remains | -

at rest.

B, o —
Ld
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Unit- 3

=

When the applied force reaches a certain
level, the block “breaks away” from its
contact with the tabletop and accelerates
\eftward. The frictional force that opposes the
motion is now called the kinetic frictional
force fk. | |

i ——

Usually, the magnitude of the kinetic
magnitude of the static frictional force. Thus,
if we wish the block to move across the
curface with a constant speed, we usually
decrease the magnitude of the applied force

once the block begins ta move. l

3.5.3 COEFFICIENT OF FRICTION

The maximum static frictional force [, ..
two main characteristics.

. Itisindependent of the area of contact between the objects, provided that the
surfaces are hard or nnn-defunnable. =

+ |ts magnitude is pro portional to the magnitude of the nnrmal"furce‘ﬂ,,

between a pair of surfaces has

fs,rnax ~ Fy or fs,m!x =pe Fy

Where p, is a constant of prupnrtinn'ality known as the coefficient of static
friction and depends on the nature of surfaces in contact before sliding.
Coefficient of static friction p.is

f
Hs = s;:mu m
N
The magnitude of the force of kinetic friction f, is assumed to be
proportional to the nornal force and independent of speed |
fo = Fy or fe = i Fy

Where y, is a constant of prupnrtinnality known as the coefficient of Kinetic

friction and depends on the npature of surfaces in contact during sliding.
Coefficient of static friction p,is

As p is the ratio of forces, therefore, it has no units. Coefficient of
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friction is constant for a given pair of surfaces. For a different pair it has a
different value. Values for friction of some pair of surfaces (both Static
friction and kinetic friction) are given in table 3.3.

TABLE 3.3 APPROXIMATE VALUES OF COEFFICIENTS OF FRICTION

_ | Friction,y, | Friction, p,
Glass on glass “ 0.94 0.4

Ice on ice 0.1 0.02 .
Rubber on dry concrete 1.0 0.8
Steel on ice 0.1 - 0.05
Steel on steel 0.78 0.42
Wood on leather 0.6 0.3
Wood on wood 0.35 0.3

Friction is not restricted to solids sliding or tending to slide over one
another. Friction occurs also in liquids and gases (both of which are called fluids).
Fluid friction occurs asan object pushes aside the fluid it is moving through.

Graphical interpretation of Friction: fﬂfﬂﬂﬁﬂl
orce

The graph is drawn between applied force F
and friction f it shows that by increasing the
~ applied force static friction f,also increases
until it reaches a certain maximum value
called limiting frictionf,

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 cases, for example

1) Qur ability to walk depends on friction between the soles of our shoes
(or feet) and the ground.

i) Friction holds the screw and nails in wood. - |
i) The lighting of a match stick is another useful application of friction.
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W
Hsadvantages of friction.
Friction can sometime be a hindrance. for example

I}-' it slows down moving objects and causes heating of moving parts in
machinery.
i) Energy is wasted to overcome friction in machinery.

i) Produce wear and tear. /’ !
‘We Have Internal Mechanisii To Reduce Friction
Many parts of the body, especially the joints,
have very small coefficients of friction. A joint 1s
formed by the ends of two bones, which are
connected by thick tissues. The knee joint 1s
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
with very small coefficients of friction.

e ——— s AT =g

ACTIVITY | ROLLING REDUCE FRICTION

Take the book and slide it on the table now place buuk on few pencrls and rnll it
yuu will see that less effnrt is required.

=

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.

It is a matter of common observation that

a body with wheels move easily as compared to a f
body of the same size without wheels. This is due |EssEmsSmmr i sem
to the fact that rolling friction overcome the Friction resists sliding

problem of friction by changing contact.

e . 0
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thods of reducing friction are given below

T l!'_._l_'l.n.;-"l'

Somem

- B i

If we polish the rough surfaces, th?ey become smooth and friction is
reduced. :

¥ i VT TLE ri . # : e . e
MM,y "-,'I'.""f e Ly 1 THE 1 . i 1 - | 34 ; B . T

Friction of certain liquids is less than that of solid

surtaces, therefore, oil or grease is applied between the parts
ot machinery.

l-.-"."|‘|ll 1T

This method converts the sliding friction is converted -
inte rolling friction by use of ball beari ngs. Ball Bearing
Research into lubricants continues to try to find ways to reduce the
coefricient of kinetic friction, H.» 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, . |
i = .,-ﬂ :...1..-......._l.-. "
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Al Thefriction between the car tyres and the road | |
' e static fretien beratse the bottom of the tvre |

i« deformed and cames in static contact with the
road. : ﬁ_

‘81 Swaric friction is more than kinetic friction, bl
' therefore we need the tyres of the car to be momentarily at rest
rolling than sliding to have grip on the road:
"he friction during sliding is less than the friction
"~ that builds up hefore sliding takes place. When we slam on breaks the tyres lock, |
! they slide providing less friction than if they are made toroll to a stop. Arolling tyre |
daes not slide along the road surface. and the: friction is static friction. with more
grab than sliding friction. But once the tyres start to slide, the frictional force is |
educes Modern ars have an antilock brake svstem keeps the tyres below the
threshold of breaking loose intn a slide., : :
(1 Kineric frictior does nat depend Upon speed: It's also interesting that the force of |
friction does not depend on speed. Acar ski dding at low speed has approximately the
same Trickion 3¢ the same car skidding at hish spead. If the friction farce on a tyre is |
1O newtons at low speed, to a clase approximation it is 100 newtons at a higher
spead The friction force may be greater when the tyreis at rest and on the verge of

| & Lt =y — -
i - A kLB s e b
- i - | [ =
R S - 3

e e — i G e
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sliding, but, once sliding, the friction.force
_remains approximately the same.

D) Friction does not depend on the area of contact.
For a narrower tyre the same weight 1s
concentrated 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 weight of the car over more surface - :
area to reduce heating and wear. Similarly, the The brakes of a bicycle use
friction between a truck and the ground is the |friction to enable the cyclist
same whether the truck has four tyres or |0 control the speed.
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. R

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. '

ERIE®® \WOODEN PACKAGE ON WOOD FRICTION

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?

INFORMATION

_I.lgl =

GIVEN: REQUIRED:
mass = 120 kg (a) coefficient of static
Normal force F, = W = mg friction ), =7

= 120 kg x 9.8 ms” (b) coefficient of kinetic
Normal force F, = 1176 N - frictionp, =¢

(a) Applied force to set the package ﬁmving is equal static frictional force,
therefore f. . =400 N, by the relation for coefficient of static friction,

fsm ; i 400N
Hs = = . putting values "“1175:4_-

or  us=0.340 —{NENER

{b) Applied force to keep it moving at constant speed is equal to kinetic
frictional force, therefore f, = 350 N, by equation for coefficient of kinetic

friction p, f 350N
— 2k 1 -
g putting values 1176 N
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or u =0.29 —NE

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

Assignment 3.7 BRI PRV ele /RGO Re],

A5 kg heavy leather bag is placed on a horizontal wooden plank. How much fnrce

is required to set it in motion if the coefficient of friction between the plank and |
bagis0.1.
gz

= |nvestigate the elatlunship between force of limiting friction and normal

reaction to find the co-efficient of sliding friction between a wooden block
and horizontal surface.

= Measure the force of limiting friction by rolling a roller on a horizontal
plane. |

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 is
always the direction in which one would pull the object with a string
ar rope.

Suppose a person is holding an object of mass ‘m’ at rest with me
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
law 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 the object
as shownin ﬁgure

ATWOOD MACHINE

Pulleys are often used to redirect a furce exerl:ed 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 = mass

frictionless pulley of negligible mass, the arrangement is called an ;T
Atwood’s machine. mass

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

3.6.1 ACCELERATIO

.t-l..l--d-rl'ﬂhlh- bu! I

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
putley forming an Atwood’'s machine. In such an L
arrangement m, will move downward under the actionof  ©igure - :*‘
gravity and m, will move upward Tension T and | |
acceleratian a will be same for both badies.

Two forces are acting on mass m :
i) Its weight W, = m, g, acting downward
i) 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,

| e
Fretiy =Wy =T ! !

. m—

& 3 g 0 E
or ma-mg-T ’

rearranging T=myg-maq & -

Similarly two forces are acting on mass m.: t

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

As m, 1s moving upward, the n=t force F..; acting on it is upward due to
which acceleration ‘@’ is produced in it. Hence,

Fretz =T ~ W,
or mzju =T-m,q
rearranging T = mya-+m,g &

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

My a+myg-—m,e-ma
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rearranging

ma=mya=mg-mg

~ taking common (M +m;)a = (m. -m;) g

dividing both sides by m, + m. M la _(m,~m;)g

(21T ) (i, —my)

' Amy—m;)
therefore g = = — &%
Em,l 3§ mz} g

This is the value of acceleration at which both masses are moving.

ELEVATORS AND ATWOOD's MACHINE Figure 1. 1_

olevator
cage

The supporting cable in elevators passes up over
a pulley and then back down to a heavy. movable
counterweight, as shown in Figure 3.11. Gravitational
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 caounter-
weight. Only small additional forces from the elevator
motarsare needed to raise and lower the elevatorandits
counterweight. Although the elevator and- countes-
weight move in different directions, they are connected
by a cable, so they accelerate at the same rate.
Elevators are only one of many examples of machines

that have large masses connected by a cable that runs
over a pulley.

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

for equation 1

. my 8 x(my+ My)—m; g < (mMy—My)

taking m, + m. as LCM T

"TTI 4 ix mzj
L g
{m-. Pz mZ)
therefore 7 2mym, ___m
(my +my)

T T v
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o e TR BT, HNRERE
f.a:arnpie 3. B ELE\"ATGR (AS ATWOOD MACHINEJ

| Let the elevator is going up with mass of counter weight as 1200 kg Assume the
‘mass of the elevator when carrying passengers is 1000 kg. Calculate a. the
| acceleration of the elevator and b. the tension in the e cable.

——— e — — —— o T

GIVEN: REQUIRED:

mass of counter weight m, = 1200 kg L
mass of elevator m, = 1000 kg - acce}eratinn =
acceleration due to gravity ¢ = 9.8 ms’ tension T =?

a)  From Atwood’s machine eguation for acceleration

por (my —m,) g
(my +my)
(1200 kg - 1000 kg)
%9,
| putting values a= (1200 kg~ 1000 kg) 8ms 2
]ﬁ Elevator weight
200 ) m, = 1200 kg
or = '
= 220048 <0 ’

therefore a=0.89ms™? — FNE a0

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

3)  From Atwood’s machine equation for tension

_ _Zmymy g
(M, +m;)
: 2 x1200kg x 1000kg counter weight
T e
Piting values T = s ) TP m, = 1000 kg

i

or T = 24 kgz % 9,8ms % If both mass of elevator
2200ks cabin and counter

or - T=10691kgms™" as N=kgms= [WERBNEEGUES 1000

kg. What is the
acceleration and
tension in the cable.

therefore T =10691N — o8

i The tension in the elevator cable is 10691 N -
ﬁqﬂgnment B SIMPLE ATWOOD MACHINE . 3

“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 bndies and b. the tension in string. '

— _ ——— —_— R ——— S — —— =
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—

3.7 UNIFORM CIRCULAR MGTION

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 - unifurn} circular
motion and non-uniform circular mutinnfL’sih en
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 s , for an object

moving in circular path we call it non-uniform
circular motion.

>, 7. | CENTRIPETAL ACCELERATION __
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 moves in a circle, it continuously changes its direction. This means
that, the object moves at a tangent to the circular path in which it travels. The
velocity vector is also ::[irbtted along the tangent. We can demonstrate this with a
simple experiment. -

Tie a ball to a string, and rotate it around head by holding one end of the
string so that the stone 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
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 continuous 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
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circle of radiusr, the centripetal acceleration a is Lf igure 3,12

g, =-" 3.14 / L
The negative sign shows that acceleration is t \

directed towards the cenler.

3.7.2 CENTRIPETAL FORCE S i

v s

To produce an acceleration, a net force @ /
has to act on the system. The net force is directed v

perpendicular to the velocity vector, towards the
center of jche circular path. This force is called uniform. citciles: mption-its]
the centripetal force. In the absence of the | o nciry vector changes |
centripetal force, the object will travel in a |direction at every pufnt'
straight line. Hence, the effect of the centripetal |resutting in centr:petar]
farce is to continuously change the direction of |acceierationa.. |
the moving object, forcing 1t to move in a circle. — = :
The centripetal forceF by Newton’s second law of motion can be written as

'DJ

When a particie moves in |

FR=ng
putting value from equation 3.14 . we get

3.7,3 APPLICATIONS OF CENTRIPETAL FORCE

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

When a car moves along a curve, centripetal force is required. In the
absence of this farce, 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 moving on
the curved path. However if the tyres are
warn 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
farce.

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

—
—
e
] _1.
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component of the vehicle 5% ’
increase friction to |

--------

pTo v_' de necessary curve. From the lire marks
turning around the | experienced friccion force to
circular track. give them the nesced
' centripelal acceleration for

That is, roads ‘ounding the curve safely
must be steeply banked But, we aiso see tire tracks of

for high speeds and sharp | tars on which there was not
curves, Since the race ! sufficient force -and which
car tracks are designed | unfortunately followed mare

for high speeds, avery rrear!ystrafght Hne paths.
turn has its own limiting ==
speeds to pass, depending upon banking provided.

J
| | .

| Race car coming fowards q
J

|

6] Lentrifuge:

A centrifuge is a device that separates
substances suspendead in a liquid by spinning a sample
of ligud very quickly around an axle. Any small denser
particles found in the liquid travel'in a straight line
inside the test tube, obeying Newtén’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 ciumped together at the
bottom of the test tube, which can be mllecteﬂ and
the sample is analyzed.

)
i Bl

The same (entrifuge principle can be used in i -
these commonly used devices. e

(1) 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
of 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. -
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Unit - 3

(if) Washing Machine dryer:

Washing machine dryer is a kind of centrifuge. f /
The dryer consists of a long cylinder with small holes
on its walls. Wet clothes are placed in this cylinder, ' Sg¥%
and then rotated rapidly. Water moves outward to the | %
wall of the cylinder and is drained out through the T\
holes. In this way clothes become dry quickly.

| Example 3.9’
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 =5 g = 0.005 kg top view
velocity v= 1.2 m/s

radiusr=6 cm = 0.06 m

REQUIRED: I N

(a) centripetal acceleration a_ =7 - f '

(b) centripetal force F. = ? side views - ﬁTM
The centripetal acceleration of bug is w i

v’ - (1.2ms™)*
e tting val =
a, - putting values a, 06
e _1_44;“15-1
e 0.06m

therefore a, =-24ms™? _m

The centripetal force on bugis F. =ma,

putting values F, =0.005kgx24ms™ or F. =0.12N — ST

Assignment 3.9 RITERRCIE SR 2

A pilot is flying a smail plane at 56.6 mi/s in a circular path with a radius of 188.5
m. The centripetal force needed to maintain the plane’s circular motion is 1.89 x
10" N. What is the plane’s mass?
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Dynamics: The branch of mechanics in which we discuss.the motion. of
bodies along with causes of maotion of bodies.

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. -

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
acts upon it.

Newton Second Law of Motion: This law states that whenever a net force
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.

Newton Third Law of Motion: This law states that to every action there is
an equal and opposite reaction.

Mass: The quantity of matterin a body is called its mass.

Weight: The downward force with which the earth pulls a body towards its
center is called weight of the body. :

- Momentum: The product of mass and velocity is called momentum. It is a ’
- vectorquantity. B A2 ‘ :
' 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. .
Force of Friction: The force which opposes the motion of an object while in
contact with its surroundings is called the force of friction.

Uniform Circular Motion: If a body moves in a circular path with a uniform
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.

——

ROLLER COASTER: Many am usement-park rides utilize centripetal
- acceleration to create thrills for the park’s customers. Choose two rides that
involve circular motion and to €xpiain the physics of circular motion creates

the sensations for the riders. Prepare a presentation to be presented in
physics class.

o
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TYRES IH;PAKISIAH ARE PEOPLE AWARE?: Research tyre types used in
Pakistm,,%attypenftymare better in hot and dry conditions, cold and
snwm'ﬁandinwetwelther? Interview few people who drive and
gatherinformatfon whether they know the advantages and disadvmges of

vddetyu'sm'ld treads on tyre.
Photnymh different types.of tyre treads found on. mmﬂﬁ'“ti'wr school

e e

parldnﬁ 3&4 local tyre store; - ek,  to ‘which of the tyres you
h pmvidestlns‘lmrtest mnpingdistancemdry roads, snow,
and ice. & Internet , electronic-and print resources to collect data
on the’ stepping distances furtl"-em‘yau have chosen. Compare these

results to your predictions. Make a catalogueof your research and place it in
schiool tibrary for reference.

ROAD BARRIE RS: Design an experiment that usesa dynamics cartaﬂth other
easily fothd equipment té m@wﬁ\er it is safer to crash into d steel railing
or inta a container filled with séihd. How can you measure the forces applied
to the caﬂ as it crashes int.o the barrier? If your teacher approves your plan,
perform the experiment. Write how your researm will prove to produce
more effective highway barriers.

GROUP - D

CONVEYER BELTS: What are conveyer belts. Research different 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
and models for conveyer belt.

GUN TEST: An inventor is te:ting his new rifles during the target-shooting
segment of an event. The new 0.75 kg guns shoot 25.0 g 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. '

o L1 Wik deno ohvsic 1X Bl
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@ A 30 kg object is supported from rope, such that tension in the rope is
equal to its weight. the weight of the object is

A. 30 kg B.30N YIN D 9.8 N/kg

@ Force needed to produce an acceleration of 10 ms* in a ball of mass ‘
0.5kg is |

- A. 20N B. 10.5N C.9.5N D.5N
® Ball A collide with ball B which is at rest, after the collision which of

M oO—=rC=

EI the following condition is not possible
0 A. ball A comes to rest and ball B start moving I
(I: B. both balls move in same direction

; E C. both balls move in opposite directions |
: D. both balls are at rest | .

U @ What is the mass of a car-that is traveling with a veloeity of 20 m/s[W] ,
E and a momentum of 22000 kg m/s[W]

) A 440000 kg B.21980kg C.22020kg D. 1100 ke
> |

O An dbj_ect at earth and taken to moon should have

-A. less mass/less weight B. same mass/more weight

tf’s‘ame mass/less weight  D. less mass/same weight
O The unit of coefficient of friction is _

A. N B. kg C.p - D. it has no units :
@ The centripetal acceleration for an ohject of mass 1 kg moving with 6

m/sin a c"ircleéﬂ)n,diqﬂ m is. .
A. 18 ms’ “12 ms? C. 10 ms* D.2ms".

@ How many times the centripetal force will increase if the mass of a

body moving with umiformrSpeed in a circle is doubled? '

A.Sixtime  B. Twotimes C. Four times D. Eight times

@Wthe following forces can act as a centripetal force
- tension . B. friction (. gravitational force D. All of these
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@Ar empty suitcase is placed in the middie of bus on its floor traveling
at high speed. When the bus brake suddenly, the suitcase slide

A. backwards B forward C.jumpsup D. remains in place

&) In Newton's third law the action reaction pair does not neutralize each -
other, because they \

A. act on same body 8. act on different bodies
C. act on third body D. produce friction

CONCEPTUAL QUESTIONS

Give a brief response to the following questions.

& Why does dust fly off, when a hanging carpet is beaten with a stick?

@ If 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 conseguence of applying the parking brake in a car
that is in rapid motion?

&) 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, is 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.

@ Why is the posted speed for a turn lower than the ﬁpeed limit on most
highways?

H lhank Aorma risel#= Y BATEE 3312 Al COI AR CSEAN CET TUA
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COMPREHENSIVE QUESTIONS

Give an extended response to the fullnwihg 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 is normal
force, how it affects friction.

@ 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. :

(D 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 acceleration (centripetal acceleration) in uniform circular
motion depends.

(B What is centripetal force? Explain how centripetal force is used in
‘banking of roads and centrifugation.

NUMERICAL QUESTIONS

@ 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 s to
move through barrel and leaves with a velocity of 300 ms'. What is the
force exerted on the bullet by the rifle?
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Foaie - _
€ A2200-kg vehicle traveling at 94 km/h (26 m/s) can be stopped in 21s

by gently applying the brakes. It can be stopped in 3.8 s 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.

® Determine 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.

I @ A motorcyclist is moving along a circular wooden track of a circus (death

| well) of radius 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 farce
acting on him? |

© Acar of mass 1000 kg is running on a circular motor way interchange

near Swabi with a velocity of 80 ms ' the radius of the circular motor
way interchange is 800 m. How much centripetal force is required?

https://faraday.physics.utoronto.ca/PVB/Harrison/Flash/
http://howthingsfly.si.edu/flight-dynamics/ newton’tE2%80%99s-laws-motion
http://www.school-for-champions.com/science/force. htm#. WlhodryWblU
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" TURNING EFFECT
OF FORCES - -

After studying this unit you shouid be able to:

v'define like and unlike parallel forces.

vstate head to tail rule of vector agddition of Forces /vectors. i
v'describe how a force is resolved into its perpertdimllr cnmpunents

vdetermine the magnitude and ‘direction of a force from iﬁ ,.perpendlcular
companents.

“define moment of force or torque as moment = force x perpendicular distance from
pivot to the line of action of force.

vexplain the turning effect of force Dy relating it to everyday life.

v'state the principle of moments.

vdefine the centre of mass and centre of gravity of a body.

v'define couple as a pair of forces tending to produce rotation.

v prove that the couple has the same moments about all points.

vdefine equilibrium and classify its types by quoting examples from everyday life,
v’state the two conditions for equilibrium of a body. |

vsolve problems on simple balanced systems when bodies are supported by one pivot
only.

vdescribe the states of equilibrium and classify them with common examples.
vexplain effect of the position of the centre of mass on the stability of simple objects.

i

NOT FOR SALE Fage 99
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and dyamu:; qf Totational motion (in orq
world around us will be increased significantly anc

-arce Diagrams

" l. 2 E
» TS e ey
: '.'L.r- T

ormal Force - Normal Force

diagrams are very useful caﬁ_ﬁepm s fhr
physics students becatise Ehéy help rhiﬁe
the forces acting on an object. In force .
diagrams the object onwhich forces.are shown ' .
is reduced toa dot at its center and the furces
acting on the object are represented by arrows
pointing away from it.

For example, if we were to draw a force
diagram of this textbook placed at rest on

table, we would reduce textbook to a dot, and
draw two arrows representing forces acting on Weight 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 aare 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 forces, the forces
cancel each other out and the object behaves as though no force is acting onit.

Figure 4.1 b is a force diagram of a textbook in free fall. Assuming
negligible air resistance, the only force acting on the book is 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 boak accelerates downwards. '
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Like parallel forces: For example when we lift a box with

double suppart 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.

o — — — — ——
-

Unlike parallel forces: For example when we apply force
H with our both hands on steering wheel of a car to turn it the
| force from one hand may be greater than the other as shown. F,

in figure. we are applying unlike parallel forces.

. = . = - —————— . r =

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 maif be added geometrically by drawing them to a

common scale (Recall chapter 2: Kinematics, representation of vectors) and

ad to tail. Joining the tail of the first force yector with the head of

-placing them he
he<c forces called

the last will give another force vector which is the sum of t
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 forcegi.e.
Add the magnitudes of vectors in case of like pa rallel 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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As an example consider two persons pulﬂhg 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 iﬁthéﬁgyrehl N _ | [
The following steps must now be followed toadd the vectors byhead totail
rule. :
i. Sketch first force vectorF, using same scale according to selected scale ina
given direction,
ii. Now place the tail of the second force vector F, on the head of the first
force vector F,in the given direction,
Figure 4.4

Addition Of Forces Making An Angle
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iii. Now the net force, resultant force F, Figure 4_5
can be obtained by joining the tail of the -

first force vector F, to the head of the
second force vector F,, 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 6, with x-

axis.
Fo=Fu+Fo —m

Addition.of Mare thap twe.Vectors: ..
This rule for vector aﬂditl‘on can heextendedtnan*y nwnber of forces.

Exarnple 4.1 PULLING TRASH IN DIFFERENT DIRECTIONS

Wo pe ;*e,Ama,mmmeummmﬁ
f.wrms PérmAappﬁesﬂfmezﬂﬂfiﬂ?hﬂth .
| x-axis] on one rope. Persnnﬂmpﬂesnfarﬁ?qrfs — —
H[d‘w?th%mis]ﬂn the other rope. Calculate £ 47"
| agnitude of net force on the trash cart.

Let 5N = Km

F, =20N = 4cm

6, = 50" with the x- axis
F, =15N = 3cm

0,. 0°with the x-axis

103
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Finding the resultant:
We joined the tail of the first to the

EXTENSION EXERC|
head of the second vector to el the Fo e e eup

resultant F,. We then measured the length of ke

vector F, which was about 6.2 cm (6.2 x 5 = 31 |
N), and with the protector we measure the = *
angle 0 = 30° with x-axis.

Fo=31N, 30° with x-axis e

Assignment 4.1

4.3 RESOLUTION OF FORCES

- 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 X
components.

This process is opposite of addition of vectors, 1_
in principle force being a vector can be resolved into | pyh
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 Figure 4.6
a ruler or/and protector. Part of the : |
graphical technique is retained, because 4

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. Therefore, in physics, very often we
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need to separate a vector intore ~tangular components . Forexample 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 be 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 4.6.

Consider a force F in the Cartesian Figure 4-? |
r_ =

coordinate System, represented by the Y
line OP, making an angle @ as shown in the | £ ,
ﬁgurE. 4.7 : _ 5 ;------:-

Draw perpendiculars from point P E
on x-axis and y-axis which meets the axis at F, F E =
points Q and S respectively. Put arrow_head -
from the direction of O towards Q and 5 p— ,E__ X
such that they represent vectors as F, (0Q 01 ® Q

& SP) and F, (0S5 & QP), becomes the
rectangular components of vector F (OP).
By head to tail rule of vector
adcﬂﬁﬁh , we know that force F1s thevedFer |
sum of F,and F,, mathematically

F=F +Ff, —EES
Components represented in terms of
force: Consider a triangle A OPQ, without

taking the sides as vectors ._This forms a
right angle triangle for which we have.

TABLE 4.1: ANGLE VALUES

infinite
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therefore Fy = FSIND i

Thfs 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 AOPQ, froma right angle triangle,
therefore we can use Pythagorus theorem, which
states that

(hyp)* = (base)? + (perp)®

taking square root on both sides ,f{hyp)I =t J{ﬁﬂse)l i (perp)?
such that

hyp = \(base)® + (perp)®
or OP = JI0QP +(QP}

therefore F= JF2+F? —EE

The magnitude of v&ctnr' can now be determined if the valueﬁ of the
magnitudes of components are known. To determine the 2i; ection in right angle
triangle A OPQ, we have tan 8 as

perp _ QP
tang =" -
base 0Q
F
or tanf = ¥
F.I.’
) therefore g — tan'{ Fy

!fprce F=20.0N (a) Horizontal compeonent of force F, = 7
Angle 8 = 60° (b) Vertical component of force F, =2 _
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24U.com | :

(a) Horizontal component of force F, is the
force that is involve in moving the box along
the floor, Using equation 4.3

F, = Fcoso |

putting values  F, = 20N cos60°

therefore F, =10N —ae |
(a) For vertical component of force F, we will use equation 4.4

F, = Fsin® '

putting values  F, =20Nsin60°

therefore F, =17.3N — e

To check the answer, we can convert the components back into magnitude
and direction.

F = JF:_"' E:

putting values  F =/(10F +(17.3)
o F =100 +299.3

therefare F=19.9N =20N

The magnitude is nearly equal to 20 N, therefore our calculations are
correct, now to check the angle

=tan ¥

8 =tan F

putting values 0 =tan™ 11703
or 0 =tan '1.73

therefare 0 = 60°

As the angle is equal to 60°, therefore our calculations are correct.
Assignment 4.2

tilling yo '_"-";;-""1_;mammmmmmmrmm
ﬁﬂﬁﬂanﬂf EEHJti_exzaxB‘Bmantalandm&y-mwints_

ionof thisforce? - !
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ROTATIONAL MOTION:
Motion where all points of an ob Jecl moves about single fixed axis (which

can be external is called rotational motion). In force diagrams we have seen that
extended object (an object that occupies non zero space) forces can be shown by
reducing object to a-dot at its center. But there are some situations for which we
need to consider an extended object—a system of particles for which the size and
shape do make a difference and cannot be neglected. The following terms will be
used in our study of rotational dynamics - '

in this chapter.

Rigid objects:

Rigid objects are objects of
fixed form that do not distort or deform
(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 -~ Tt
rotation is a line about which retation 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.
4.4 CENTER OF MASS

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
in all directions. '

In force diagrams we have seen that extended object (that is, an object
that has size) forces can be shown by reducing abject 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 mave 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 objects) can be considered as the sum of the
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olil

translational motion of the CM, plus rotational, vibrational, or other types of
motion about the CM. :

AL KD MOTION OF BASEBALL BAT
\ |
. v N \+4i A
= ",5#' y Jj"-x , . "*..*J ‘ y ':
o .-“. s ‘ia . J:""-' - . a
T-' ?_.r -:;,. . - 'f- - ,.nq
-‘f""fi' ¢ "u .r". . -‘1.
” s, y .
r 4 | " \ . & _:i' 3
1:;’+r_ I j., : 4 %
.,,.:"" J_r-.r" ‘ 3 .
" | / .
(a) ¥iay Hg (b)
As an example, consider the motion of the-center of mass of the base ball bat thrown in
Fig. 4.8 a; 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 Tt 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, it is 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 gravify (weight) is
concentrated at a paint called the center of gravity (abbreviated ‘CG’).

D_iffe-ren::e_ 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 negligibie, the body's center of gravity is for most of the
time same as its center of mass.

L
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Center of Gravity (CG) and Center of Mass (CM) for symmetric objects with

uniform density:

The center of gravity of a homogeneous (having same density throughout)
sphere, cube, circular disk, or rectangular plate is at its geometric center. The
center of gravity of a right circular cylinder or cone is on the axis of symmetry, and
SO on. -

Figure 4.9

=

| (a) (b) (c) (d) | (

Ii- Center of mass/gravity (CM/CG) is obvious by inspection and located at the center of
symmetric object ' :
f — — e -M;“_E:k—"‘.'i"if_.\_‘_l___ﬂ_ Ahu_l

Carter g Gravily G) and CRnter of Masf (O™ :!vr Wregulacablecs:
As the centre of mass of a uniform woaoden 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 locatians.

[ Figure 4.10 _Irregular Object Center Of Mass

lie inside the mass, some times the CM/CG is

O .-,'-__r_ ’ :*h.:-a s e > 110

The CM/CG may or may

T ¥
'l.:‘_.l_'- i _ _'-

ook depo physic IX DATE:5.3.2018 AJCOLORSCANSET 8B
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0m | '

uuts‘sde 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 exampt.e, leg shown in figure 4.11(Db). 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 body. -

Figure 4,11 CENTER OF MASS OUTSIDE MASS DISTRIBUTIGH

— 'The figures shnw a high Jumper
A sledgehammer has a massive metal Lﬁing different techmques to get
head attached to a much lighter = gyer the crossbar. Which technique

wooden handle. Which location is most ‘ would allow the jumper to clear the |

likely to be the sledgehammer’s hlghEStEEthngﬂfﬂtEbaﬂ D
)

center of mass? |

p—— —— I - —— =

e ——————

_-___—-.\_h‘_l-_—_ . — e - e — E— ——— el —— S T — e

Twﬁﬂﬁﬂ‘iﬁ ens f"_'mthesmngﬁbybatancmgarnetre rod on the stands.

Tf‘ﬂ find the weight of an unknown ubject by using vector addition of
forces.
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4.5 TORQUE OR MOMENT OF FORCE

body about a fixed point due to applied force is called torque or moment of
furcey Physicists usually use the term “torque,” while engineers usually use -
“moment”,

Torque is the cause of changes in rotational motion and is similar to force,
which causes changes in translational . |
motion. This means that torque play the LTS 4. 1 :
Ssame role in rotation as force in . -
translation.

Quantitatively Torque = force
applied = 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 du_r leverarm) ‘d’. |
Thas \torque ‘v will be the product of
applied force ‘F’ and moment arm ‘d’.

| The 5l unit of torque is “newton
metre” [Hmly’

For example, to open the door a
force ‘F’ is applied at perpendicular
distance ‘d’ from the axis of rotation as
shown in the figure 4.12. Increasing the
applied force ‘F’ or the moment arm ‘d’
increases the torque ‘t’. Reducing
applied force ‘F’ or moment arm ‘d’ |

+ decreases torque ‘v’.For example if we
apply more force we will forcefully produce rotationin the door and small force at
the same distance from the axis of rotation will produce less torque. Similarly as
we move away from the hinges (where there is axis of rotation) moment arm ‘d’

demphyﬂcIIDATESJJMBMCDLm SCAN SET 8-A
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increases and torgue also increases for same applied force. Furthermore, if there
is no force no torque will be produced, similarly a force applied at the pivat point
will cause no torgue since the moment arm would be zero (d=0).

However force is not always applied perpendicularly, in this situation we
have to extend the line of action of force applied °F’ and take the moment arm 'd’
as perpendicular distance from the axis of rotation to the line of action of force.

Figure 4.13
F
| Axis of T
Axis of i rotation
rotation ' '

Force N ‘o _
F : Line of action |
~ of force
| ?D”n_ o
Moment arm  : Line.of action Moment arm

" of force

For example consider a wrench which is used to open a nut as shown in figure
4.13 () the torque is produced. However if we continue to apply the same force -
in the same direction, after the nut has rotated as in figure 4.13 (b), our
definition of moment arm will reduce it in magnitude and torque will decrease.

Moment arm is key to the operation of the lever,
pulley, gear, and many other simple machines.

There are two senses of rutatiun.}[!f the force is
capable of rotating the body in clockwise direction, the
torque is known as clockwise torq uej 3

b LEimilarly, the force is capable of producing rotation
in the anti-clockwise direction, the torque is known as anti- §
clockwise torque. ) >

1LI'LL«E,n:ann*-.renl:it;:nﬁ::ﬁlh.ﬂ clockwise torque is taken as negative, whereas

anticlockwise torque is taken as positive. “
113
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Unit - 4

| Exar Ll OPENING A DOOR

In Figure a fﬂl"te (magnitude 55 N) is applied to a door. However ﬁe mm
mf ferent in the three parts of the drawing: (a) d, = B*Wm, tb) d,fﬁ ﬁ_ﬂ r—m &M (ﬁ?
d.=0m. FindthetnrqueirrMcase o e B
| 'E line of action [ b line of action E_r .  wa
I of force of force - i
: axis of | i !
| axis of . rotation S J
rotation 90"
‘\' d,=0.8m d F
| o Ul ‘ il B S
B Given: REQUIRED:
Force F=55N {a}- torque T, = ?

Moment arm d, = 0.80 m
Moment arm d, = 0.60 m
Mement arm d. = 0.00 m

" _Ineach case the lever-armis the perpendigular -H'istarri:&'?betwgen the axis of
rotation and the line of-action6f the force: |

(b) torque 1, = ?
(c) torque T, = 7

(a) Using the definition of torque, the equation 4.7 can be wﬁtten as

Ty =Fuxd,

putting values 14 =55N=0.80m

therefore T4 =44Nm —-

(b) Using the definition of torque, the equation 4.7 can be written as
. ty =F xd,
putting values T =53 Nx0.60m

therefore tg=33Nm . *

( €) Using the definition of torque, the équation 4.7 can be written as
e =Fxd, :
o ’ putting values  t- =55 Nx0.00m

!l therefore e =ONm m

Because the lever arm is different in each case, the tnri:;uE is different, even

14
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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 clockwise
rotation of the door. In partc the line of action of passes through the axis of
rutatmn tthe hmge} Hence, the lever armis zero, and the torque is zero.

& ﬁﬁbi“i”ﬂtﬂﬂ' 4.3 "hFﬂRCEGH BﬁTILEﬂF ER _

\2{} Nm torgue is required to open a soda bottle. A boy
wlth a bottle opener apply a force perpendicularly at 0.1
rn vmat is the magmtude of force required.’

X3 .:3'__-,_i::'c:itiﬁi,:_;=._
1) A special case of morents is a couple.
Two equal and opposite parallel forces acting
along differe'nt lines on a body constitute a
cnupl It does not produce any translation,
but only rntatinn The resultant force of a
couple iszero, but, the resultant of acouple is
not-zera:-it is-a pure-moment. The shortest
distance hEtWEen two couple forces is called

cnuple arrH ?f

Example of couple is shown in the figure, also the forces that two hands
apply to turn a steering wheel are often a cuuple Each hand grips the wheel at
points on opposite sides of the shaft. When they apply a force that is equal in
rnagmtude yet uppus1te indi rectmn the wheel rutates

e

For exmnpie app-'iv forces on this physics t,exthoak with ynwﬁngen‘ such that the line of X
action 15 dﬁfarent. No matter how you app!y these forces tha book will turn

= p—

—g — —
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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
a water tap etc,

4,7 EQUILIBRIUM

We know that forces tend to cause either translational or rotational
motion, depending on the direction and position of the force applied with respect
to the centre of mass. Now we turn our attention to one specific effect of an
épplicatinn of force: static equilibrium. To achieve true static equilibrium, two
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 STATICS. Equilirium isdefined as |
“The state of a body in which under the action of several forces acting together

k-4 ek of Forses. T HERIP AR A

equilibrium”. |
Therefore for complete equilibrium two conditions must be met.

-'l!\' I.I."t': '-,'-:'.'-'i-'.i”:-"”‘ Of & '-i:'lr 1:‘| A58 — |
RACCERLEY First Condition
When the vector sum of all the ———_"_ ~

forces acting on the body is ZERO then the oy |
first condition of equilibrium is satisfied. F+ =~ I
Mathematically if F_ is the sum of forcesF,, r B |
E-E_.m--u..f_::then : >, .
= — — = N — ——— X
anr‘F1+F1+F3* ...... +F: =1

For an object to sa tisfy the first condition of equilibrium the condition is

| TERERORE e R 1.
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that force polygon must close. Mathematically if F_.is the sum of forces F,, E, 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
second coridition of equilibrium is satisfied. If T, is the sum of torquest,, T,, Ty ««.»
, T, then mathematically

Thet =T +T2 +T3 + eerres +T,=0

i=n

o Te=ra=0 —EED

=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. '

PRINCIPLE OF MOMENTS

Second condition of equilibrium can also be stated as the principle of
moments, which states that

‘For an object in equilibrium, the sum of the clockwise moments taken
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 pivot under

LFigurE_‘:"!. 9 Principal Of Moments
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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 torgues must be zero.

L+, =0.6 Nm-0.6 Nm
L+T,=0Nm

Similarly three or more torques around a pivot (as axis of mtat‘iﬁn] 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.

[Figure 4,17 N —

‘ T,=20Nu2m
| T, =40 Nm

b —_— -

CONCEPT TEST .

Anticlockwise moment |
T, =40 Nm ! Which force of equal magnitude will
- produce larger torque?

Clockwise moment |

L+T,=-20 Nm - 20 Nm = - 40 Nm '
UL = axis of ’ I | l
For second condition of equilibrium |

rotation F - -
to be satisfied the sum of all these torques | ‘ : '

must be zero. i . |
| | .sl:n':isq:rff F ‘ F D
L+*L+T, =40Nm-20Nm - 20 Nm | | ¥,
. . _

rotation
=0 Nm

e e A
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rl E:-iample 4.4 BERIARTAY BALANCE

Two Children Romiasa and Sanaan are sitting
on a seesaw. The see-saw is balanced on 2
'-aﬂwnﬂasaisaﬂm and Sanaan at 1 Sm
'-fmm the pivat (as shown in figure).
:Romimweighttsﬁm N, whatlsﬂwwetghtuf

B e Wewon
GIVEN: REQUIRED:
Romaisa’s Weight W, = 600 N Sanaan’s Weight W, =7

Romaisa's Moment arm =d, =1 m

Sanaan’s Moment arm =d, =1.5m

Here Romaisa is producing anticlockwise torque, while Sanaan is producing

clockwise torque, Therefor by second condition of equilibrium |
tp—Tc =0 |

As the see-saw is balanced, therefore we can write second condition of

equilirium as principle of moments ‘The'Sum of the clackwise moments = sum

of the anticlockwise moments -

Tp=T1s
or W, dp, = W, ds . EXTENSDQ-EXERﬂiS_E 4.2
: - : . wﬂ dﬂ
dividing both sides by d, W - S
| ' S
putting values W, = &Uﬂf; L
therefore

Hence the weight of Sanaan is 400 N.

With a beam tcwu ‘masses m, and m, are .
suspended at distance 0.4 m and 0.5 m —

ectively from ﬁispensiﬂn point as shown in
ﬂ’wﬁm lrgmﬁngthewmhtnfthehalan:e, if' | |
min‘l 5kg,whatiaﬂmmaﬁm,? m =2kg m; = 1.6k |
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Types of Equilibrium:

The effect of force is to produce change in translational motion and effect
of torque is to produce change in rotational motion. Thus the equilibrium is
divided into two types.

A) static equilibrium:

When a body is at rest under the action of several forces acting together
and several torques acting the body is said to be in static equilibrium. For

- example a book resting on the table is in static equilibrium, the weight mg of the

book is balanced by a normal reaction force from the table surface.
B) Dynamic equilibrium:
When a body is moving at uniform velocity under the action of several

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. ' .

A LLRRLY Tvpes Of Dynamic Equilibrium

) Dynamic Translational Equilibrium: 1) Dynamic Rotational Equilibrium:
When a body is moving with uniform ‘When a body is moving with uniform

linear velocity the body is said to be in WMMEHQ;“M“M

dynamic translational equilibrium. For rotational equilibrium. For example a

example a paratrooper falling down with Emnpﬂﬂstdiﬂ((ﬁﬂ)tdﬂ&tingin EDFIW

constant velocity is in dynamic  with constant angular velocity fs in
translational equilibrium | dynamic rotational equilibriu |

lis To verify the principle of moments by using a metre rod |
~ wedge. | | :
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4.8 STABILITY

Stability is a measure of how hard it is to displace an object or system

from EQUILIBRIUM. The conditions of equilibrium does not specify whether an

. object is stable or not. The stable object does not topple easily. The position of the

centre of mass of a body affects whether or not it topples over easily. This is

important in the design of such things as tall vehicles (which tend to overturn when
rounding a corner), racing cars, reading lamps and even drinking glasses.

Three cases are studied in statics. They differ in the effect on the
center of mass of a small displacement.

Figure 4.19 Sl =0
a Stable b Unstable C Neutral

CM/CG

a) Stable equilibriurrn: |

A body is in stable equilibrium if when slightly displaced and then released
it returns to its previous position. As an example the cone in position a is stable as
shown in figure 4.19 a. Its centre of mass rises when it is displaced. It regain its

~ position back because its weight has a moment about the point of contact that acts
to reduce the displacement.

b) Unstable equilibrium:

A body is in unstable equilibrium if it moves further away from its previous
position when slightly displaced and released. As an example the cone in position b
" is unstable as shown in figure 4.19 b. -

121
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Its centre of mass falls when it is displaced, because there is a moment

which increases the displacement. =y
i NG Iitral ey .:”]"_i 1 II-----—--—-—-—__---.--
| |

A body is in neutral equilibrium if it | | bowl e
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 there ic no

moment to increase or decrease the
displacement.

Similar demonstration for three
cases of stability can be done by qﬁs::;lat:ing a
ballin a round bowl, as shown in figure 4.20.
In each case tink about what will happen |
when the ball is displaced slightly?

AN object’s stability ts improved b

¥
-

(a) lowering the center of mass: or
(b) increasingthe area of support: or . |

; 1

| ﬂwtﬁfmﬁfra:ecarsiskgpt[awand T
- tyres wide to decrease the chances for l
 overturning of the car. |

i) |
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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
structure, sometimes called the footprint.
Some toys are more stable, then they look as
they right by themselves if they are disturbed.

By making centre of mass vertically
below the point of support makes state of the
object a stable equilibrium. This mechanism is
employed in-various toys and equipments that
restore themselves up when disturbed, few
examples as pictures are shown.

inside the area of the base of the body. If a -

To stay balanced while walking
the tightrope, this acrobat must
keep her center of mass directly.
above the rope. If the center of
mass shifts to one side, gravity
will exert a torque on the
acrobat, tending to cause a

mtmnnabouffhe rope and she
~will fall.

To stay balanced, the acrobat
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

~gravity closer to the rope.
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it easier and safer to stand facing sideways rather than forward? Note: For your safety
' (and those around you), make sure you are holding onto something while you carry out
this activity! |

- —_— e —_ - .

- POINT TO PoNDER 4 1

Twoworkers are carrying a long, heavy steel beam (Fig). Which one s exerting
— ;'.*;-":- ':"_ﬁl’ _.I!"-i"- B - 1you te | ) 4 .-1 l ‘

Faraftel Forces: The directions of forces are parallel to each other if they
are in opposite direction, those forces are called parallel forces. If they are
of same direction then they are called “like parallel forces” and if they are
In the opposite direction they will be known as “Unlike parallel forces.

Addition of Vectors: Addition of vectors means the combination of two or
more 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 Q is called torque or moment of force.

Moment of a force = force x perpendicular distance of the force to the
pivot point.

The Sl unit of the moment of a force is Nm.

i

same pivot.

PR 00 St e il 55 124
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Center of Mass: The center of mass of the budy is the point about which
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 toact.

Couple: A couple consists of two forces that are equal in magnitude, but
opposite in 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.

= =

— = =

AUTOMOBILE ENGINES: Automobile engines are rated by the torque that

they produce Research anr.! explain why torque is an |mportant quantlty tn

BICYCLES TDRQUES: Réseﬁ-rch 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.

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.

SELF RESTORE MECHANMISM: Research different self restore mechanisms to

design and build a toy from (e.g. trash toys in your home) that restore itself
after it is displaced

SEE SAW AS WEIGHING MACHIME: 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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b EXERCISE

1 @ Conventionally anti cloek wise torque is taken as
A. Negative B. positive C. parallel D. zero

& Adoor requires a minimum torgue of 80 Nm in order to open it. What is the
minimum distance of the handle from the hinges, if the door is to be
pulled with a force at the h‘a%mnnt greater than 100N?

-t

A. 0.6m B. im . 0.4m D.0.8m

& Two children are balanced on opposite sides of a.seesaw. If one child leans
inward.toward the pivot point, her side will

A. Trise B. fall

C. insufficient data D. neitherrise nor fall
£ Abody in equilibrium must not be N

A. atrest B. moving  C. rotating D. accelerating -
34 & The torque in uniformly rotating fan hav-'iﬁrg biade*i? e ; ﬂﬁi‘ﬂi&r
A, 0.5Nm  Be2Nm' | Ci=0.5Nm=DI ONm ' o ¥
€ Aforce of 100 N is applied perpendicularly at 0.5 m, to turn nut of wheel

of abus. The tua:ig__a.ctj ng.on nut is

A. 500Nm  B. 50Nm €. 5Nm D. 0.005Nm
& The shortest distance between tﬁo\couple forcesis

A. momentarm . - B. 'tm}ple:arm

C. radius D. double moment

A girl pushes to open a door perpendicularly with a force of 25N at 0.6 m
from the hinge, the torque is " .

A. 41.6Nm B. 25.6Nm C. 15Nm - D. ONm
@ The angle at whichxand y cqm}m\ﬁts of force are equal is

MO - 0O T M e -

Ty

T
I

O
N

£
S
)

A. OF B. 30° C. 45° D. 60°
@ CMis différent from CG, When we have ngnuniform

A. shape of object B. mass of object

C. gravitational force D. none of these

butt book depe physic IX DATE:5.3.2018 AJ COLOR SCAN SET 9-8
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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
itself? Explain.

@ Explain why door handles are not put near hinges?
@ Canasmall force ever exert a greater torque than a larger force? Explain.

€ Whyitis better to use a long spanner rather than a short one to loosen a
rusty nut ?

€ The gravitational force acting on a satellite is always directed towards the
centre of the earth. Does this force exert torque on satellite?

) Canwe have situations in which an objectis notin equilibrium, even though
- the net force on it is zero? Give two examples.

@ Why do tightrope walkers carry a long, narrow rod?

@ Why does wearing high-heeled shoes sometimes cause lower back pain?

@ Why is it more difficult to lean backwards. Explain?

@ Can a single force applied to a body change both its translational and
Wt&gnalwmn? Explain. .

. Two forces pFnduce the same torque. Does it follow that they have the same

magnitude? Explain.e. Describe the path of the brick after you suddenly let
go of the rope.

COMPREHENSIVE QUESTIONS

Give an extended response to the following questions.

@ What are force diagrams? Define like and unlike parallel forces with
example.

@ Explain the addition of farces, in connection with head to tail rule.

@ Define moment of a force. Give its mathematical description and elaborate
the factors on which it depends?

@ What is resolution of forces? Explain with an example how forces can be
resolved intc rectang''»r components.

© °  tiscouple? explain with exz nnles.
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@ Define equilibrium. Explain its types-and state the two conditions of
equilibrium.

@ Stateand explain principle of moments with examples,

@ What is center of mass or center of garvity. Explain how CM/CG can be
determined? Is there any difference hatween CMand CG?

(9] Explain the stabi lity of the objects with reference to position of center of
mass.

NUMERICAL QUESTIONS

@ 1o open a door force of 15 N is applied at 30° to the horizontal, find the
horizontal and vertical components of force. .

& Abolton acar 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 Faizsit? oy , A g £ > \NR /i

& Twokidsof weighing300 N and 350 Naresitting at the.ends of 6 m long see-
saw. The seesaw is pivoted at its centre. Where wouild a third kid sit so that
the see-saw is in equilibrium in the horizontal position? The weight of third
kidis 250 N. (Ignore 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,

@ A construction crane lifts building material of mass 1500 kg by moving its
crane arm, caiculate moment of force when moment arm is 20 m. After
lifting the crane arm, which reduces moment arm to 12 m calculate
moment.

£

WEDB LINKS

http://www.learneasy.info/MDME / MEMmods /MEM30005A/ add_forces/add_forces.html
https://courses.lumen learning.com/boundless- physics/chapter/center-of-mass/
http: //www.cyberphysics.co.uk/topics/forces/ stability. htm
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After studying this unit you should be able to:

a-‘r';'-.

| he Earth and the Moon
orbit around each othet
and are kept together Dy
their gravitational
nteraction

5 Emm
s

GRAVITATION

8 ;. i

- — i

! . .F-:;.'.._
il =

state Newton’s law of gravitation.

explain that the gravitational foerces are consistent with Newton’s third law.
explain gravitational field as an example of field of force.

define weight (as the force on an object due to a gravitational field.)

calculate the mass of earth by using law of gravitation.

solve problems using Newton's law of gravitation.

explain that value of ‘g’ decreases with altitude from the surface ef earth.
discuss the importance of Newton's law of gravitation in understanding the
motion of satellites.
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The study of gravity has always been a central theme in physics, from
Galileo’s early experiments on free fall in the seventeenth century to Stephen
Hawking's work on black holes in recent years. Perhaps the grandest milestone in
this endeavor, was the discovery by Newton of the law for gravitation.

Our Milky Way galaxy is a disk-shaped collection of gas, dust, and bﬂlmnsm'
stars, including our Sun and solar system. Image shows how our galaxy would luﬂi{
if we could view it from outside. Earth is near the edge of the disk of the galaxy,
about 26,000 light-years (2.5 x 10° m) from its central bulge. Our galaxy is a

member of the Local Group of galaxies, which includes the Andromeda galaw ata
distance of 2.5 x 10° light-years.

The force that binds together these progresswaly larger structures, from
moon all the way to galaxy clusters is known as the gravitational force. Graﬁl&ﬁ.
action-at-a-distance force which acts even when the interacting objects are not in-
physical contact. This force not only holds us on Earth but also reaches out a &ﬂfm,
intergalactic space and acts between galaxies. This force is our focus in this unft

2.1 " LAWOF UNIVERSAL G F{AVIT!:-.T'OM

- Newton expressed the force nﬁat&aﬁtlafﬂbétwﬁn jifferent bodies in the
unwersé in the form of a law known as the law”ﬁff Méria ‘gray f&tiﬁn ‘which is
stated Zs follows P ?Qﬁ M enf *

Every body in the unwerse 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 J

Consider two spherical bodies of masses ‘m,” and ‘m,” separated b
distance 'r’ as shown in figure 5.1.

I : s
(By definition of Newton’s law of universal gravitation, the force of

gravity F_is e
ey, gy [Poore 5.1 IR

1

and F, =y ——@» | Centre

combining equation 1 and
equation 2 we get

mym,

rZ

Fo
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To change sign of Proportionality into equality a constant js mcluded

LY — @ ],

two budies‘ The above formula is a
mathematical ExXpression of

Newton’s law of universal
gravitation.

Newtons‘l‘hird Law of Motion and
Universal Gravitation:

We can see that the force
acting on mass m, dmetnmassn-t, is
F,.. Also the force acting on mass i
due to mass m, is same force F, ,both | %
these forces are equal put Opposite | b veer
in direction. Therefore, we can say ad
that the forces acting on two bodies | 1
due to gravitation force is the
example of action and reaction |
forces. ey B

[ YPE continue toexplore gravity.

Fiz = "F;z 1 ; VERS AL 10 A

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 on a 1.0 kg mass with a
force of magnitude 9.8 N, and the
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1.0 kg mass pulls upward on Earth with 2
force of magnitude 9.8 N.

The gravitational force is an inverse-
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
on. Graph 5.1 is a plot of the magnitude of
the gravitational force as a function of the

distance. 4 i =
CAN YOU ATTRACT ANOTHER PERSON GRAVITATIONALLY

TR AR 4

—
. Example 5.1

GIVEN:
|  REQUIRED:

mass m, =45 kg .;Graﬁtaﬁqpﬁal"fpme =17
distancer = 0.5 m = L 1\7]
Gravitational Constant G = 6.673 x 10" Nm'kg”
By Newton's law of universal gravitation
m,m
F, =0 ——--rI .
, 40kg = 45kg

F, = 6.67 x10" Nm'kg

putting values (0.5my*

o Nt 1800k

therefore Fy=4.8x107 N — s

This means we attract each other but a force of about 107 N is unnoticeably
small unless extremely sensitive instruments are used. Even very large scale
objects like ships and building have very small gravitational attraction.

Assignment 3.1 GRAVITATIONAL FORCE
The mass of earth is6 x 10° kg and that of the.m



https://www.perfect24u.com/
https://www.perfect24u.com/

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 ' m |

his ‘m." then.the foree'F, with which the

— Mo,
We know that the force of gravity is-

Magnified object
equal to the weight of the body:.

Fg '_—_w =mﬂg = _e'
tOmparing equation 1 and equation
2 we get

My m
Mpg=G=_%

e

e*

L S
ar EZG'—EE—
e

g1’
re-arranging m, - _EL
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s 9.8Nkg (6.4 %10° M)’
E= .67 x10" Nm? kg™

& o =9'.aﬂy§—‘x4._1x10”p{l
E = "6.67 10" it ke”

iherefore Mg =6x10% kg

Thus the mass of earth is appr
knuw acceleration due to gravity ‘g’

“calculate its mass.

Example 5,.2

This means that if we
anet or star we can

oximately 6 x 10“ kg
and radius ‘r’ of any pl

_a. rrrrrr
llllllllll

Bl GivEN: REQUIRED:
%] Radius of Jupiterr,=7.13% 10'm Mass of Jupiter m, =?
L Acceleration due to gravity at Jupiterg;= 24. 7 NIkg
B Gravitational Constant G =6.673 x 10" Ni'ke” |
I8 The mass of a planet or star can be calculated by using equation 4.4
1
= < )’
m; G

O

:  24.7N/kgx(7.15x107 m)

putting values My == 673x10" Nrka

o - e 7 kg™ <5.11%10" i
1= 6673107 ke’

m, =1.891x10"*""kg

m, =1.89x 107" kg s er |

Thus the mass of Jupiter is about 300 times the mass of the earth.

MAES OF M{'}ON

or

therefore

Assignment 5 Z
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REMEMBE

by - L T
L Eamts — = ol

Earth 6,370 5.97 9.8 | 1

Mars 3,400 |  0.642 3.7 1.88
Jupiter 71,500 1890 24,7 11.9
Saturn 60,300 ;= 568 9.0 29.4
Uanus | 25 600 86.8 8.7 83.8
Neptune E&m 102 =111 164
Sun _ 696,000 1,990,000 274 -

INFORMATION

Gravity is a field force:

Newton was not able to explain how
objects can exert forces on one another without
coming into contact. 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 We hav
operate &

According to this theory, masses Create a | of otf er planets. The extra-solar
gravitational field in space. (Similarly, charged S O
objects generate an electric field and magnets |, e Almast. 350K 30 far
develop a magnetic field.) A gravitational force is | new wor
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an interaction between a mass and the
gravitational field created by other masses.

At any point, Earth’s gravitational field can
be described by the gravitational field
strength, abbreviated as g. The value of ‘g’
is equal to the magnitude of the
gravitational force exerted on a 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. g

Gravitational field strength (free-fall
acceleration) ‘g’:

Consider an object that is free to
accelerate and is acted on only by
gravitational force. According to Newton's' |
cecond law, a = F/m. As seen earlier, g 1s
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
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 gaw‘tatmm 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.
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Inserting the known values of
Me=6x10"kg
and Fe=6.4x10°m
alongwith G-¢.¢7 107" Nm'kg?,
we find 5 10% &
¢ =6.67 x10"" Nmkg i :jz-
therefore §=9.77ms>
or 2=9.8ms™>
Equation 5.4 shows that the value of ‘g’
the body. This means that light and heavy bodi

: Thi's_, €quation also shows that gravitational
ﬁeldstrengﬂ'; depends only on mass of €arth ‘m,’ and radius of earth r.’. As earth
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is not a perfect sphere, and there are mountains and trenches so our distance from
Earth’s center varies as We change location, sO our weight also varies. On the
surface of any planet, the value of g, as well as our weight, will depend on the

planet’s mass and radius.

TECHNOLOGY

T
.l
e

................
e e
-------

SUN'S SURFACE

REQUIRED:
free-fall acceleration at
L Mass of Sun m; = 1.99 x 107 ke s
U Gravitational Constant G =6.67 x 107 Nmike’
™ The value of g at sun’ssurface can be calculated by equation 5.4 35
|
O
N

therefore

Notice that the mass of the Sunisalmosta million times more than the mass of
the Earth, and having gravitational acceleration of about 30 times that of
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INFORMATION CHART B8
&, ON CHART

‘ﬂ'@ gtohal model of the Earth 3 gmvitatimal

2.4 VARIATION of ‘g' WITH ALTITUDE

The value of 'g’ at a given place depends _FigureT_

upon the distance from the centre of earth. O
Greater the distance from the centre of the earth,
smaller will be the value of ‘g’. Equation 5.3 shows h
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 .

m
L
gﬂ (rE +h)1 o

equation 5.3 can also be written as oy
i oo

or Gmg =gr¢ —9

putting equation 2 in equation 1, we get S, = (rj:i i 5.5

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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Example 5.4 METEOROID IN EARTH S HI:LD

_1-_- 3

o

~. Radiusuf earth rg 6 4x10°m free-fall acceleration at

1 Acceleration due ttil gravity g = :3'.3 ms~ height g, =?
U height h=4.4x10 m=44 x 10 m |
.
| The value of ‘g, at height h, can be calculated by using equation 5.5
0 " 3 grE
gi=
N ? (rz + "3)1

9.8ms ™ « (6.4 x10% m)*

utting values =
P g Sh (6.4 %10° m + 44 ¥ 10° m)?

9.8 ms? x (6.4 x 10° m)?

o 19.8ms2+4.1% 10 off
ST 3 54 %10 gt

therefore 9, =0.16ms? —@nag

Aisignment 3. 4 Value Df g At Specifac Hpibht

TABLE 5.1: CHANGE IN GR#?!TATIDHAL
ﬁCLELERATIUN WTTH ALT]TUDE

Mean Earth radius

8.8 9.8 | Mt. Everest
36.6 9.7 | Highest manned balloon
400 8.7 |Space shuttle Drbtt

35 700 0.2 Cummumcatmns ﬁ?tﬂ"llte |
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A Satellite is 3
object larger than itself

You may be wondering “What
keeps a satellite up?” The answer is:

its high speed. |f 3 satellite in orpit
stopped moving,

directly to Earth. B
Speed a satellite woy

around a larger body.

Speed in circylar orbit calculation:

In circular orbit a satellite

it would fall
ut at sufficient

has a

called orbita| velocity, Consider 3

constant tangentia| Speed |

MOTION OF ARTIF ICIAL SATELLITES

ld orbit in space

b i

Speed adjusted
SO that satellite
travel in

-
------
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Z4u.com

ar of satellite-as shown.in fioure 3.8. Then the

the center of earth and the cent
universal gravitation is

Lgravitatiunal force by Newton’s law of
Gmegm
e rEz > —9 _
Then centripetal force to keep satellite of mass m, revolving in a circular. orbit of

radius r with velocity ‘v'is
mv’
F=—— ) |
2 r
provided by gravitational force
Fo=Fc :

Then centripetal force is therefore

taking square root on both sides
I = JE@;
-

therefore

!Gm
3 rE+Eh m

ar

--—l—- il

te from surface of earthandr isthe radius of

Where histhe height of satelli

rbital speed depends upon th

e mass of Earth

earth. The equation 5.6

and the dista
and does not depend upon them

shows that O
nce from the center

of the Earth to the
ass of satellite.

center of mass

ter of earth, all the

\ar distance from the cen
of satellite.

Which means that for particu
rrespective of the size

hould have the same orbital speed
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N5 satellites are placed in 3 ci rcular orbi '
- | bov € of the earth. Thei ]
calculated by equation 5.6 ac rth. Their orbital speed can be

e —
e ——

putting values v=l6.673x10" Nnfig2___6x10%kg -
\ (35.9+6.4)x10° m

therefore V=3.07 x1 ﬂ:" ms!

Sunis1.5x10" m. F

Radiusr=1.5x10" m
Mass of Sunm, = 1.99 x 10" kg
Gravitational Constant G = 6.673 x 107 Nmkg’

Orbital Speed vy = ?

e

6} the orbital speedis |, _ [

’

A
e =
putting values V= \/6.6?3 x 1071 lekg‘z 1.99 x10% k_!;
P | 1.5x10"m
“ th
% erefore V=3.0x10"m/s = 30kmss Py

. -
N AT : T_-;'.
L1

e Pl W .
] ry e e
b ' o =k
L4 v o -
- - - - 2
— i .-‘_._-.—“

L Ay -
e e
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Unit-5

Law of Gravitation: Every object in the universe attracts every other
object with a force which is directly prupurtiunal to the product of their
masses and inversely proportional to the square of the distance between
their centres. '

Gravitational acceleration: The acceleration of bodies falling freely
towards the earth is called gravitational acceleration ‘g’. The value of ‘g’
decreases as altitude increases.

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 Velocity: It 15 the velocity of 2 satellite which moves around the
Earth at a specific height.

GROUP - A

SUPARCO: What 1s SUPARCO? Research Pakistan space Program 2040 and
Develop 2 presentation onspace prospects in Pakistan?

Dream Space Yisit: Research how do ﬁpms.stzienﬁsts and engineers know
what kinds of science instruments (cameras, spectrometers, etc.) to put on
space craft thatare 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! Selecta place for your visit,
then design a two day trip to that world, and describe the things you will

carry with you. Writean essay and place it school library for reference.

pluto: In 2006 a neEW definition of planet was set and Pluto was demoted to
dwarf planet, research the reason and present itin chart.

GROUP - D

extra Solar Planet: Explore the discovery of planets around other stars.
what methods did the astronomers use? What measurements did they take?
Write a research article.

| GROUP-E

Sky Observation: Consult your instructor or other sources to find out what

I Ep— Y . &,



https://www.perfect24u.com/
https://www.perfect24u.com/

A 9.8m  B. 6.67x10"m C. 6x10"m El‘.’;hw*m
€ Thes. . unit fprgr;ﬁtﬁtinnat-comssant “G"is
A, Nkg’ ﬁm‘ kg’ C..Nm*kg’ ., Nm*kg®

A80.0kg B, 113 C. 784kg  D. More information needed

© Anobject is orbiting a planet with orbital speed v, if the radius is same and
Mass is increased 4 times, by what factor orbital speed will change

A. 2 B.4 A ¢ 112 D. 1/4
2 O The value of ‘8’ at the surface of the moon is;
A. 9.8ms* B 1.63ms? C. 4.9ms* D. 8.9ms?
@ The value of g’ with altitude
A. increases é‘ decreases C. getsZERO p. remains the same

€ When 2 body is moved from sea level to the top of a mountain, There is
change in the body’s |

A. mass " weight  C.none D.  both mass and weight
© The value of '¢' at equator is | .
A. Same at poles B. Larger at poles

D. none

|
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ER i
P -

ESTIONS _au
Cive a brief - {ollowine questions
- If there is an attractive force between all objects, why don’t we feel
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? ;xplain. | - - g

£ What is the importance of ;"7 Why is it difficult to |
calculate?

| @ If Earth somehow expanded to a larger

would your weight be affected? How wau

shrunk?

. 3 What would happen to0 your weight on earth if t

doubled, but its radius stayed the same?
fall at the samerate toward the earth?

S HOTIAG ¥

[}
|

gravitational constant

adius, with no change in mass, how ‘
\d it be affected if Earth instead

he mass of the earth

4% Whylighter and heavier objects
ges with Inr:atiﬁnﬁﬂ earth, hoy
calculations. Why?

on earth?

“ The value.of “g’ chan
value of ‘g’ as9.8 ms” forordinary

n is attracted by the earth, why it does not fall

3 Moo
¢) Why for same height larger and smaller satellites must have same orbital
speeds?

response to the following questions.

avitation. Also show that the law

: Give an extended
@ State and explain the law of Universal Gr
obeys Newton'’s third law of motion.

. # Determine the mass of Earth by applyi

ng law of gravitation. |
& 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 g0ing to hi

| relevant formula.
i £3 Derive the formula for the orbital speed of an artificial

oher altitude? Write the

satellite.

_-_..__——_—— — e ——
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€ At which altitude above Earth’s surface would the gravitational
acceleration be 4.9 m /5%

£ Assume that 3 satellite orbits Earth 225 km above its surface. Given that

| themass of Earth is 6 x 10 kg and the radius of Earth is 6.4 10°m, what is
~ thesatellite’s orbital speed?

& The dfsténtg_fqpm

earthis 6 x 10* kg,

@ The Hubble space

speedof 7.6 x 10°

:_:gm:_érl'uf earth to center of moon is 3.8 x 10°
What is the orbital speed of moon?

telescope orbits Earth (m,
m/s. Calculate its altitude

http://suparco -80Vv.pk/webroot/index asp
https: / /www. nasa.gov/

http://www.ist. edu.pk/

https: / /www, Space.com/

m. Mass of

= 6 x 10” kg) with an orbital
above Earth’s surface.
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After studying this unit you 5hndld be able to:

v define work and its 5l unit. .
v calculate work done using equation: work = force x distance moved in the direction

of force

/ define energy, kinetic energy and potential energy. State unit of energy.

v prove that Kinetic Energy E, =% mv and potentfal energy E.. = mgh and solve
problems using these equations. R

/ 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

v state mass energy equation £ = me and solve problems using it.

/ describe the process of electricity generation by drawing a block diagram of the
process from fossil fuel input to electricity output.

 list the environmental 1ssUes associated with power generation.
~ differentiate energy sources as non renewable and renewable energy sources with

examples of each.
flow diagrams through steady state systems such as

v explain by drawing energy
Filament lamp, a power station, a vehicle traveling at a constant speed on a level

road. :
+ define efficiency of a working system and calculate the efficiency of an energy

conversion using the formula: efficiency = energy converted into the required form
/ total energy input

!
S
-

v explain why a system cannot have an efficiency of 100%.
late power from the formula Power = work done / time taken

< define power and calcu
tt” in Sl and its conversion with horse power.

/ define the unit of power “wa
7 Solve problems using mathematical relations learnt in this unit.

148
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Unit - 6

Newton 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, are not work as defined by a scientist. For
work, in the scientific sense, to be done, a 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

w=Fxs—RB
Unit of Work:

The Slunit of work is joule
(abbreviateds J, and named in honor
of the 19th-century English physicist |10 BT IS SERe LY
James Prescott Joule). The unit of | Who is doing more work? A boy playing and
work is the unit of force (newton) | running in school ground or a teacher sitting
multiplied by the unit of distance | onchairworking on physics problems.
(metre).

1 joule = (1 newton)(1 meter)
or 1J=1Nm

Figure 6.1

Work done is scalar quantity,
however force is vector guantity,
sometime force is not perfectly
applied in the direction of motion.
For example consider the figure in
which a box is moving in horizontal
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unit-6  Werkanh Bneesy L

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 written as

W=FcosBx5 —

Example 6 1

A person pulls a suitcase through the airport at 45° angle . The tension in the rope |
is 20 N. How much work does the tension do if the suitcase is pulled 100 m?

GIVEN: : REQUIRED:
Tension=Force F=20N  Work W =7
Distance=5S=100 m

Angle = 45°

By definition of workdone
W =FcosO xS
putting values

Before

;s'
0,
L
u
T
:

0
N

W = 20Ncos45° x100m

or W = 2000 Nm = 0.707

W = 1400

Because a person pulls the rope, we would say informally that the person
does 1400 J of work on the suit case.

Assignment 6.1 RALCRC R o

During a tug-of-war, team A pulls on team B by applying a force of 1100 N to the
rope between them. The rope remains parallel to the ground. How much wnrk
does teamAdo if theyr pull team B tnward’s them a distance of 2. Om? ;

e e — e ——

6.7  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 exerts a force on the ball and the ball moves.

150
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Astretched bow can shot
the stretched sting is transferred

So energy is defined
Unit of energy:

as ‘Energy is the capacity of a body to do work’,

The energy possessed by a body due to jts mntidn Is called Kinetic
energy.

When a cricket ball is thrown it moves, simi
pushed. Now Think that a cricket ball andacarar.

iffic stoj , t balls are approaching you with
dﬁ“ereptmg.%lch can do more work? Again it is easy to answer ac the ball
with greater speed is difficult to stop. Thus object mass and its speed are
contributing to its kinetic energy. ,

Mathematically Kinetic energy is one half the

product of an object’s mass
‘m’ and the square of jts velocity ‘v’,

\
)
] ¢ I
| efmaanis%*.andthewnrkdnnebyl @ >
gravity is therefore zero. (W=FScos 90'= 0). Thisiswhy Earth J
the Moon, as well as artificial satellites, can stay in orbit N L’
without expenditure of fuel: no Work needs to be done

against the force of gravity. | | ~
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Chem'IEEL Energ'f | hﬂndﬁl bEtWEEﬂ.atﬂmE'

| . ;These bonds can take many different
The energy contained within the forms, including enersy derived from
arbohydrates in food to energy stored in

c
- gasoline.

— ——————

| | Eart!
| RoJiant eneTgy travels as an \ Radiant encrs) from the Sun supplies

energy is also a scalar quantity. For

T v=4,0m/s
example, a 2.0-kg hammer head :::; rl;ﬁvihﬁ. o s
n'!u‘ﬂ!':lg with a Spr_-:-Ed of 4.0m/shas a | inetic enersy
kinetic energy of 16 J. and thus can . 2.0-kg ,l
Mathematical proof: dnmri:mﬂ:; '

all of the work done on a cart

RadiantEnersy | _ectromagnetic (light) wave. :iTeh all of the energy required to sustain
- B |_ . L | : :
. | The energy associated with | Electrons moving from negatively to
Electrical Enersy - charges. ' positively charged objects.
Heat ERrgy ' Energy that travel from hot ] Fire burning transfer the energy to keep
| | body to cold body. room Warm.
' Energy as wave, as a sound wave
passes through, the atoms or Sound vibrations cause a persan’s eardrums
Sound Energy ' molecules of the substance to vibrate.
' vibrate back and forth. l
3 | — =
Nuclear Eneray E:;gy :n the Nucleus of an t:::l;la;ﬂ T}tﬁﬂﬁ g nuclear energy
Like all energies kinetic | Figure 6.3

Consider a situation in which

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,=Vvas

shown in figure 6.4. This work done W
appears as the ki netic energy K. Such

that

By Newton’s second Law of motion

W-:EH:F::S——”

F =ma

—O
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By third equation of motion

2as = v} - y?
rearranging
22
s_Yi-vi

2a —©

putting equation 2 and 3 In equation 1

| 2 i
Vi —V
22
Ve —v
or EH :mx——L___.
_ P
As the object started from rest
therefore v, = 0 and V=V

| INFORMATION

Magnetar: On December 27,
2004, astronomers observed the
Sreatest 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 5,
this star released as much

energy as our sun doesin 250,000
‘ﬂma LY\ A

ween the kinetic energy of a maving

» 1t demonstrate the work

60.0-g bullet is fired from a gun with 3150 J of - * e Biillet
GIVEN: _ REQUIRED:
massm=ﬁﬂg=ﬂ.l}6kg velocity v = ?

Kinetic energy E,=3150 J
The kinetic energy is given as
- | 1 EXTENSION EXERCISE 6. 1
Ey = im"z If a car of mass 800 kg is
rearranging having same kinetic energy, |
vi_ Z_EL*L what will be its speed?
m

e e — R e — __I
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taking square root on both s

: |2,
or N= s

putting values

2350/ kgm? s’
\ 0.06kg

therefore Vv =324m/s m

The bullet is moving with speed 324 m/s.
Assignment 6.2 BULLET KINETIC ENERGY
peed of 400ms . Calculate its kinetic energy.

as 1J = kgm/s'm

v

' Abullet of mass 308 travelsatas

.4 POTENTIALENE RGY
The enerdy possessed by a body by virtue'of its position of configuration
inaforce field is called potéfitial energy. ol = \ 71
Consider the work you do on your physics textbook when you lift it from the
floor and place it on the top chelf. You have done work on the textbook and yet itis
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 the ability r-Figure 6 _{W

to do useful work. Gravitational
potential energy 1is only one of |
several forms of potential energy. |

i
For example, chemical |

potential energy is stored in the food |

you eat. Daing work on an elastic |

| e | winding spring  Spring (Shack  Sting Shot
band by stretching it stores elastic \ (toys, watches) absorber) 1

potential energy in-the elastic band

-
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(Sprines, slingshot in figure 6.5 are
potential e '€r8y). Abattery contai,
electrical Potential energy,

eXambples of elastic
1S DOth Chemical and

Mathematically Gravitation
the product of mass ‘m’, the

‘g’, and the change in height

al potential energyijs |

acceleration due to gravity
‘h’. '

1 ton Th_ﬂ'— »
r 1000-kg ::\'ara_t 90 km/h :
Tennis ball at 100 km/h

—

Energy to break one DNA strand

[ Single elecg,_-jnn in TV Screen

E e
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putting equation 2 and 3 in equation %

gxample 6.3
The maximum height a typical human can jump is ahnutﬁﬂcmBy huwmh
|does the gravitational potential energy increase for a 72-kg person in such a
jump? Where does this energy Come from? |
GIVEN: REQUIRED:
mass m =72 kg Gravitational Potential
heighth=6ﬂcm=ﬁ.06m energy E,=7
acceleration due to gravity § = 9.8 m/s ,

The gravitational potential energy 1s given as

Ecoe = M8 X h
putting values Eps = 72K X 9.8m/s’ = 0.6m
F,. = 423.36J

rounding u;‘f E...=420J -—m

This grﬁvitatiunal potential energy comes from elastic ﬁotential--:ehel"gy
stored in the jumper’s tensed muscles.

An object of mass 10 kg is lifted vertically through a height of 5 m at a consta \stant
speed. What is the gravitational potential energy gained by theobject?

The law of conservation of energy states that ‘energy can neither be
created nor destroyed in any process. It can be converted from one form to
ut the total amount remains constant’. The following examples

/

another, b
explain the law of conservation of energy.

1. Adiver onaspring board:
Stored chemical energy in the body of the
diver allows him to bend the diving board. This

-

B

auses the bent diving board to store elastiC pe — .

C
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Potential energy which is then converted into kinetic e
€nergy as an upward push,

> 3 Generation of Electricity:

certain height js converted into kinetic energy by
making it fall on turbine to produce electricity.
3. Pole vault:

Pole vaulters undergo severa| energy
conversions. The initial run gives the vaulter kinetic
energy. The vaulter plants the pole, transforming
kinetic energy into potential €nergy of the deformed
pole. Then the pole straightens and lifts the vaulter

-over the bar, transforming its elastic potential
€nergy into gravitational potential energy. The
athlete then falls toward’s the pit, exchanging

e =

Einstein’s mass €Nergy equation is given by E = mc?, In other words:
Enérgy =« mass x the speed of light squared
£ =energy (Measured in Joules, Jj
M= mass (measured in ki lograms, kg)

C=the speed of | ight (measured in metres per second, ms'),

 Speed of light is constant having value 3 x 10° ms”', however this valuye
needs to be squared. This equation shows that mass and e€nergy are the same

physical entities and can be changed into each other.
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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
produceelectricity | | I\ /i

L
L - e ——— -
¥ -. a S=jar - & . —

’f_ﬁwdmmqﬁﬂ

—— —

' some insects jump using a catapult technique. The knee
joint of a flea contains an elastic material called resilin (a

l, rubber-like protein). The flea _
stretching out the resilin and storing elastic energy, and
l, then locks its knee in place . When the fleais ready to jump,
1the.-'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 Sig
 gravitational potential energy as the flea moves higher and Ve g

igher.

e ———

=
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5 : GIVEN: ' .

ﬂ mass m =50 kg : EnergyE =7
© speed of light ¢ = 3 x 10° ms’

By Einstein Famous equation
E =mc’

PULting values £ = 50kg x (3 x 10% ms )
Find your mass and convert
therefore ~ F-45.10% “m itinto energy. |

This is ﬁn;mﬂ.t}ﬂn,m.um,ﬁoﬂu J, which is an iIncredibly large amount of
energy. Equivalent to billion tons of TNT:

6.6 MAJORSOU
_J) Enetay bradsformart]o "
technologies convert energy from some
Source into a useful form of energy. The
original source of the energy, called an
- energy resource, is 2 raw material
obtained from nature that can be used to
do work. A resource js 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 foog 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 usefyl| energy is lost. Clearty, society cannot continye to demand
more and more €nergy without consideration for the future generations.

159
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The challenge is to develuﬁ energy sources and processes that are sustainable. A
sustainable resource is ane that will not deplete over time and will not damage
Earth's sensitive biosphere, while still being able to provide for the energy
demands of society. - Some of the important energy resources are:

A, Fossil Fuels:

Fossil fuels are the remains of millionyear- old plant life — now coal —or
aquatic animal life —now gasoline and natural gas. |

; 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. 0Oil:

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.

3, Naturatgas: :

Natural gas is often a by product of 0il; it is mixture of gasesw most
common of which 1s P '
methane. The advantage

that natural gas has is that,
it is easy to transport.

Fossil fuels are
consumed in more than 80%
of the world demand for i
energy. However the waste J&' 7 — . e gy
gases produced in the

consumption is polluting
the atmosphere.

B. Bio~-mass:

“Bio” means life, so

bio-energy 15 energy from | --—h.:-_*.__‘

living things. The term | .
e € . . ¢ ia TR Agriculture food food Methane
_ 1umass refers e St roducts Wastas

160
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material from which we get bio-energy, Biomass is Produced when the Sun's solar
energy is converted into plant matter (cafbohyd,rates} by the process of
photnsynthesis._ Only green plants and Photo synthetic algae, containing
chlorophyll, are able to use solar energy,

The simplest Process employed to make use of this €nergy is eating. Every
time you eat 3 fruit, a vegetable, or 3 Processed version of either, you are taki ng
advantage of the €nergy stored as biomass,

5 Geothermal Energy:

Geothermal €nergy is the energy recovered from Earth's core. The thermal
energy contained Within ‘,‘,'i*;u}e:_“ﬂ GE |
Earth's core results from - 7!
©nergy trapped almost five (5)
billion years a80 during the
formation of the planet. In |
many countries geothermal
€nergy is used to generate

D Wind Energy:
The kinetic energy of the wi

B Nuclear Energy:
Nuclear fission is the process of splitting extremely large atoms (Like

Uranium or Polonium) intotwo .
; £ ] Fuurﬁ 6: 12
OF more pieces, which releases - £J
. h__.‘ 3 r i% '.

an enormous amount of energy
in the form of radiation or
“heat. The heat is used to boil
water that €ventually is used
to produce electricity. In
nuclear reactor Ssmall
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-I-.‘ ; |
:ﬁl * & 1
Uranium i p— [

saitier Thermal Reactor and Electricity
| ~ Energy steam turbine

S —

F. Solar Energy: _
The energy from direct sun light can be used to produce electricity. Today,
solar cells are used to power everything from calculators and watches to small
ties. Suntight the fuel 1 S
CIURS, ORI e fuel [eiqure 6.14 SRS S
required by solar cells, is 100% | s
| (=

free and is very eco friendly. =~ g5 e | -
However just like wind energy | . - _W ir"-'l"T_ThT

significant land area 15 |'comrbn

required_to produce large | e SIS S 5 £ AN
amounts of electricity. ‘

G. Hydfoelectric generation:

Electric energy generatiun using the grawtéﬁunai pﬁien;i'af ‘eﬁér’gy of
water is known as hydroelectric generation. The force of gravity does work on the
water, pulling it down and providing it with a tremendous amount of kinetic
anergy. This kinetic energy 15 transformed into electric energy DY very large
turbines. Such large reservoirs <ometimes flood thousands of hectares of farmland
drastically altering the '1'Fi§;r_e 5.15 |
ecosystem. For many years, " :
engineers did not have the |
technology 1o economically :
use smaller reservoirs for |reservoit
generating electricity. with | &
improvements in technology,
smaller generation facilities

] Electricity
are becoming much more
popular. l Gravitational

| potential Eneray

— = —_F

FElectric Energy
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the extent to which it
output energy or work.

efficiency = ”seiilpi:t:;::mk
W

fficiency = "o
or efficiency W ‘_m |

,;fﬁ.fﬁcﬁgﬂ&__'_ useful energy output
e iy ‘energy input
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A com

It is not possible to have
a machine with 100% efficiency,
because friction lowers the
officiency of a machine. Work

input, so an actual machine
wasting input energy as

heat(which is not required)
cannot be 100% efficient.
Typical Efficiencies of Energy

are shownin the table 6.3.
68 POWER:

The definition of work

you lift a barbell weighing 100N
through avertical 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.

4one. Mathematically

P
L

Like work,
The S| unit of power
James Watt, a Scottish

e ————

(6.8), the unit of power 1s gi

output is always less than work

Transformation Technologies

makes no reference to the |
passage of time. For example, if

power is the vime rate at which work is

power is a scalar quantity.
is watt (W), in honour of
physicist who invented
the first practical steam engine. ion
ven by 1 watt = 1

joule / 1second or insymbols 1W=1 Js'

TABLE 6.3 : Typical Efficiencies of Energy
Transformation Technologwes

;rﬂ_ elec;i-t: generator 98
hyd roe_l;ctﬁc power plant 95
= _gr;e_ électric motor 95
[ _t;r;é gas furnace 85
| Vﬂ;‘ld generator 55
T_ u:shi_l._fuel power p;l;nt 40
.I_ ¢ _al_.-l_t{;f_ﬂﬂl;ile engine 25
t|rF7Jnrexmt ﬁ;ﬁt \i 20
[ inc;ndescent light 11 i 5

s ——————

energy of light qinto

Shuttle puts out a few GW (giga-

164
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In the British system, the unit of
power is the foot-pound per second
(ft.lb/s).

For practical purpnses; a larger
unitis often used, the horse power (hp).
One horsepower (hp) is defined as 550
ft.Ib/s which equals 746 W.

1hp=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
energy converted or consumed in 1h at
the constant rate of 1kW =1000J/s. The

numerical value of 1 kWh is, 1 kWh = |.

(10°W)(36005) or 1 kWh = 3.6 x10° J

The elec;tﬁtfty bills that we pay
are measured in terms of this unit.

TABLE 6.4: Power Output or Consumption

Milky Way galaxy 10¥

Sun . 4x10"

Lightning bolt 2 x 10"

Nuclear power plant (total) 3x10°

n Car (total) - 8 x 19‘
Person at rest (all heat transfer) 100

-Electric clock 1 3

Pocket calculator 10"

INFORMATION ) |
Light bulbs are rated

22 with a certain number
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

<

POINT TO PONDER IR 20

The light Generated by 16 W LED is same
~.as light emitted by 23 W CFL and 100 W
bulb. What are the energy used per day
(24hrs) for these three types in
kwh.

T kowinG 100w

The energy does a 100-watt light bulb
use is W = PAt = (100W)(3600s) W= 3.6 x
10° J. How fast would a 70-kg person
have to run to have that amount of

l kinetic energy?

Exam;:}le ) CRANE POWER

crane inwatts and hp?

Ar:ranerscapab{enfdoing 1.50 x 10’Jofwuritin 10.0s. Whatisthepuwer of the

|
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GIVEN:  REQUIRED:
Work W = 1.50 x 10" J PowerP =7
timet=10s
By definition of power P = w
| . ; |
1.50x10°J

putting values P

10s
or  P=1.50x10%J/s

therefore  P=1.50%10'W Bl

the conversion factor for hp toWis 1hp=746 W

or =
e 74& A

or  1.50x10% w=1:20210
746

Hence 1.50 x10* W=20hp
thEFEfﬂrE = P-'.;lﬁl'hp'- S Answer

| Assugnment "N ELECTRIC HEATER

= N

An electric heateris heated at 250 W. Calmiate—thﬂ quanttty of heat wnerated in
10 minutes.

| —

Work: Work is force multiplied by distance moved in.the direction of the
forceW=FScos@

Energy: Energy is the capacity of a body to do work.

Kinetic Energy: It is the energy of an object due to its motion and is given by
E.=tamv'

Potential Energy: It is the energy nf an object due to its position.
_ Grawtatiunai. potential energy is given by E. .. =mgh

1 Law of conservation of energy: Energy can neither be created nor

destroyed in any process. It can be converted from one form to another or
transferred from one body to another, but the total amount remains
constant.

Power: It is the rate of doing work or rate of conversion of energy. P =W/t

= P M [ — e e —— e E— — p—— — = #‘ }
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GROUP - A

RESEARCH ARTICLE ON LIGHT TYPES EFFICIENCIES: Search library or
internet and compare the efficiencies of lighting technology available in
Pakistan (incandescent bulbs, fluorescent lamps, LED lights). Compare their
advantages and disadvantages. Write a research article for school library.

S O S -

2 ENERGY GENERATION MODELS: Create your own homemade models of
& structures, such as wind turbines and geothermal plants, and put them to
work with wind and water power donate the model for school laboratory.

ARTICLE ON ENERGY FOR SQHOOL MAGAZINE: Pakistan is hit by worst energy
Crisis in the recent years. Analyze the economic , social and environmental
impact of various energy sources. e.g. fossil fuel, wind, falling water, solar,

biomass;” nuclear, thermal energy. Research different types of power

geﬁefaﬁﬂnfamhﬁes developed in Pakistan to overcome this problem and

articulate which energy resource must be used in Pakistan for energy
production. Write your research article to be published in school magazine.

GROUP - D

SPORTS AND ENERGY CONSERVATION: Make a presentation of energy to
explain improvements in sports performance using principles and
concepts related to work and law of conservation of energy.

YOUR POWER: Design experiments for measuring your. power output when
doing push-ups, riding on swings running up a flight of stairs, loading boxes
onto a truck, "throwing a cricket ball, or performing other energy
transferring activities. What data do you need to measure or calculate? Form

groups toa present and discuss your plans. If your teacher approves your
plans, perform the experiments. ' '

L

A — - —
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Choose the best possible answer:

=

'8 @ Work done will be zero when the angle between force and displacement is
A. 30° B.45° C.60° 190" s

# 30 N force is exerted and the trolley moves a distance of 5 m in the q
direction of the force, the work done is

A6 B,25J ¥ 150 D.0.17N
) If the speed of a car decreases by half, The kinetic energy change by |

factor .
A4 B.2 C.1/2 m

) Anobject of mass 10 kg is lifted vertically through a height of 5m. The
gravitational potential energy gained by thetgnly
A.0.5) B.2J C.50J 490)

©) If a petrol engine does 20 J of useful work for every 100 J of energy
supplied toit, then its efficiency is

A.80% B. 60% C.40% Y 20%
) KWh is unit for
" L : g
A. Energy B. Power C. Efficiency D. None
@ 1hp= |
A.476W  B.550W YW DR .

) Hira weighing 500 N takes 90 s to reach the top of a hill 18 m high. Her
average muscle power is

MA=CQ X0 Mo -——-r

—{wvamC O

L A 7500w B 100W  C.32.8W  D.3.24W

€ A machine is able to lift 200 N of concrete slab :rertically up to a height
of 30 m above the ground in 50 s. The average power of the machine is

A.1.33W  B.60W “120W  D. 6000 W
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Unit - 6

CONCEPTUAL QUESTIONS —

Give a brief response to the following questions.
€0 Canacentripetal force ever do work on an abject? Explain.

€3 What happens to the kinetic energy of a bullet when it penetrates into a
sand bag? S e

€ 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? -

€ Canan object have'different amounts of gravitational potential energy if it
remains at the same elevation?

© Whydo rdads 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 doublin g the velocity?

) If the speed of a particle triples, by what factor does its kinetic energy

—_ — e - i - e — -

COMPREHENSIVE QUESTIONS -

Give an extended response to the following questions.

@ Define work and explain how work 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 m at a height h above the surface of earth is given by mgh.

€) State the law of conservation of energy and mass energy conversion

&} Explain briefly major sources of energy. Such fossil fuel, wind, solar,
biomass, nuclear and thermal energy.

3 Define and explain efficiency.
€ Define and explain power.

] — — —
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NUMERICAL QUESTIONS

{} Determine the work done in each of the following cases:
a) Kicking a soccer ball forward with a force of 40N uver a dlstanceof 15cm
b) Lifting a 50-kg barbell straight up 1 95m '

¢ Calculate the velocity of a 1.2 kg falling star (meteorite) with 5.5x 10" J of
energy.

¢) Calculate the grawtatmnal potential energy of a 2000 kgmanu
a) resting on the floor b) with respect to the basement ﬂnnr 1.9 m below.

# An elevator weighing S000N is raised to a hexght of 15. 0 m in 10.0' s, how |
much power is developed!?

9 What power is required for a ski-hill chair lift that transports 500 peuple
(average mass 65 kg) per hour to an increased elevation of 1200 m?

€3 How long will it take a 2750-W motor to lift a 385-kg sofa set to a sixth-story
window 16.0 m above? |

@ How much work can a 2.0-hp motor doin 1.0h?

_______,__.__—-——y-——l-—-—"""—!__

WWW. mowp. gov.pk/

http: / /www.aedb.org/

— — - — e i
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 PROPERTIES OF /

Aﬂ:e-r sl:udying this unit you should be &hle tn. |
St v state kinetic molecular model of matter (solid, liquicl and gas forms).
= v describe briefly the fourth state of matteri.e. “Plasma”.

‘-£ v define the term ‘Density’. =

& :{_ #mwd“mﬁémﬁewsw& llwsmm ,

’K v define the term prem{mﬁmeacthgmmuvm unit area).

' v explain how pressure varies with force and area in the context of everyday

i
MUE
u:'-' 0

- T
ey
1,4'
ﬁ

. _:L_ e;eplain that the atmusphere exerts a pressure,
-V des:ﬁbe how the height of a li:mid column may be used to measure the

— iy -
- -

0 T; -~ describe that atmospheric pressure decreases with the increase in height above
*1_' the Earth’s surface.

i - ¥ explain that changes in atmﬂspheric pressure in a region may indicate a change

-
s

- inthe weather.
s

| .

~ vstatePascal’s law. Apply and demonstrate the use with examples of Pascal’s law
v state relation for pressure beneath a liquid surface to depth and to denmtyi e
' (p=pgh) and solve problems using this equation.
- vstateArchimedes principle, Determine the density of an object using Archimedes
2 principle.

-f’statatl'teupthmstexarted bya ticandunabody
- v state principle of floatation.
kv explain thata force may produce a change in size and shape of a body.
v" define the terms Stress, Strain and Young’s modulus.
R state Hooke's law and explain elastic limit.

= _-.._-_._. ___ - . = _-___q_ -:lvr{:--#' = ._._- _..I.--l—_.. ' . a— L e
v n i | y : i, b - - -y §= R = = - = 3 ¥ 1

L

+ -
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Look around , everything, from our body to the air we breath is matter. The
features of a substance and how it behave are called its properties. Therefore it is
important to know about the properties of matter. Knowing about properties of
matter helps us to understand what ice cube rain and steam have in common?
What is the impact of amount of substancé in a body? How matter behaves when
forces are applied? Questions like these can be answered after reading this
chapter. ‘

We will see how solids respond to external forces, and how fluids liquids
and gaaés develop pressure that is responsible for such phenomena as buoyancy
and fluid flow. -
7.1 KINETIC MOLECULAR 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 and gases. These

three states of matter are explained on the basis of Kinetic Molecular Theory. In
kinetic molecular model, it is assumed that:

Sphas: ; '

1. Solids are made up of molecules which are arranged closely in a fixed pattern.
5 Molecules in solids vibrate about theirmean positions. " '

3. The attractive forces between the molecules are strong.

Liquids:

1. Liquids are also made up of malecules 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
its shape 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 cunstaﬁtly colliding elastically with each other and with the
walls of the container.

4. Forces between molecules are negligible, except during collisions.
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Because liquids and gases do not maintain a fixed shape, they both have
the ability to flow. They are thus also referred collectively as fluids.

L A @ pavis ek g
f;:" '||"L ! --:_- . --u._ F
® 2 ' S| ¢ - @, *® H N
r:"-li e 2l ."-'rr’;" o ,.Ajﬁ |
Solid molecules vibrate Liquid molecules flow Gas molecules move rapidly | -
in fixed positions. over each other. in all directions and collide.

PLASMA;

There is anather state of matter, the fourth state, called Plasma. It consists
of free electrons and atoms from which the electrons have been removed. Plasma

exists in the sun, where thermonuclear reactions take place at very high
temperatures. '

mﬂ)ﬁ_ﬂ‘imbstan;gm defined

D f a sub | TABLE 7.1 DENSITIES
as the mass of substance per unit .

e - .
volume. For exampleiron is denserthan air, e ety "“.‘"“ )
because iron has more mass in the same | iron | s
volume as compared to air. Conversely for gold 19300
same mass of il‘i:'Jl"I and air, velume of iron ice 920
will be less than air. Symbolically density is polythene 900

denoted by ‘p’ (called Rho). For an object

_ petrol 800
of mass ‘m’ and volume ‘V’, density is | 1000
e pure water
mercury | 13600
e I air , 1.3
_ p= v 71 .
| carbon dioxide 2.0

: Hence the S.I. unit of density is kg m”. Some common density values, are
givenintable7.1.
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Unit - 7

PR DENSITY OF METAL -

A rectangular metal piece has length 0.3 m, width 0.2 m and height 0.1 m. If its
' mass is 47.4 kg. Calculate its density.

el = —— e e e — — — e —_

GIVEN: :
Mass of metal piece m = 47.4 kg
Volume V = length x width » height

03mx0.2mx0.1m=0.006m

By definition of density p = %

tting values 47.4kg_
R P = 0.006m°
therefore p= 7900 kg m—

piece under study is that of iron.
 DENSITY OF DIAMOND

Asstgn ment 7.1

A diamond has a volume of 0,00002 m’, iﬁMjg

as 0. ml-zg Calculateitsdensity.. =

REQUIRED:
density p =?

— s

From the table 7.1 we can see that it is density of iran, therefore the metal

PRESSURE

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

The Sl unit of pressure is the newton per

7.3

square meter (N/m’), which is given a special
name, the pascal {?a).
1N

P =—
1m’*

SMAE VOLUME
OBJECTS

Q-

Which is a heavier, a cubic
metre of steel or a cubic
metre of wood? Why?

TID-BIT BV iERE L

Assuming
same force is
applied at
both ends of
this thumb-
pin, On which
side pressure
is greater?

- -

book depo rhvsic IX DATE:S,3.2018 A | COLOR SCAN SET 12-8
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Unit - 7

LIRS PRESSURE AND PRICKING

Pressure is increased if the force applied
to a given area is increased, orif a given
force is applied to a smaller area. For
example, if you press your finger against a
balloon, not much happens—your 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

POINT_TO PONDER JREITT RS

Example 7.2

be the pressure under that foot?.

the ball of foot.

WEIGHT AS PRESSURE ON GROUND

A 4a-kg girl’s two feet cover an area of Eﬂﬂ cm’ (a) Determine the pressure |
exerted by the two feet on the ground. (b) If the girl stands on one foot, what will

N."-...

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

‘."
- - l_-n—h— -

GIVEN:

definition of pressure
F
P=—
A ;
392N

oo
0.05m?

putting values

Force F = Weight W = mg = 40 ke x 9.8 ms® = 392 N
Area A = 500 cm’ = 500 x (10%)* m’= 500 x 10 m*= 0.05 m’

REQUIRED:

Presﬁure P=2?

(a) Assume the girl is at rest. Then she exerts

a force equal to her weight mg on the ground m
where her feet contact it. Therefore by | What will be | il b

is wearing heeled shoe with

an area of tip 0.0001 m?, and

stand with all her weight on
that tip?
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Unit - 7

or p =7840 Nm™
or P =7.8x10° Nm™

o P=78kPa —PCS

(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

| Assignment 7.2 X

e e e — e —

A block of concrete weighs 900 N and its base is a square of side 3 m. What
pressure does the bleck 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 on 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, which is a 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 =1 0°Nm’ (or 1.013 x
10° Pa).This value lets us to define a commonly used unit of pressure, the
atmosphere (abbreviated atm), such that 1 atm=1.013 % 10" Pa. '

Another unit of pressure sometimes used (in meteorciogy and on weather
maps) is the bar, which is defined as 1 bar=1.000x 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.

176

book depo physic IX DATE:5.3.2018 AJ COLOR SCAN SET12-A



https://www.perfect24u.com/
https://www.perfect24u.com/

ACTIVITY

USING ATMOSPHERIC PRESSURE TOIGRUSH CAN

Figure shows a thin-walled metal can,
attached to a vacuum pump. Befare the air was F |
pumped out, the pressure inside the can is © r
equal to that outside '[atmnspheric] 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
the material of the can is thin or flexible.

7.4.1 MEASUREMENT OF ATMOSPHERICPRESSURE .~ .~ . =
| An instrument that is commonly used to measure atmospheric pressure is
the mercury barometer. Italian

Figure 7.2
mathematician Evangelista Torricelli - o |
(1608-1647) invented it in 1643. Figure Normal " Higher
7.2 shows a Torricellian barometer. A |  atmospheric atmospheric

long tube that is open at one end and pressure

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’ | A mercury barometer. If there is no air in
of the column of mercury means that the = the tube, the air pressure on the mercury
atmosphere’s pressure has changed. At = 1n the bowl forces the mercury to rise up
sea level, the atrnnsphere will push the tube. The pressure at the bottom of
down on a pool of mercury and make it | (e tube equals the air pressure. The
rise up in a tube to a h eight of higher the air pressure, the higher the

L f .
approximately 760mm. O OF MmeTcury

EREET e TR
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Is it 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 50 enormous as to be impractical.

7.4.2 ATMOSPHERIC PRESSURE AND WEATHER

Barometers kept in the same place at Sea levél Pressure Anomaly (mb)
the same height above sea level shows some e “1
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).

Pegams e Dovaecs

1000 mbar = 1 bar
1 bar= 100kPa; 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.

YNNI 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 pressuré  atmospheric
acting on the surface of the liquid will then be pressure

L

_ re less than
greater than the pressure in the mouth, thus atmospheric
forcing the liquid to rise up the straw into the pressure
mouth. _ Liquid Pushed up

the straw
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) P_APPLI-CATION

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 - e | & \)
vacuum inside the container. By atmospheric 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, whichwill bedisposed later.

—

—— S —

DI PULLING LIQUID UPTHE SYRINGE

= Becoes B QRN P =3 - :

To draw liquid into the syringe, as shown in " =

Figure, the piston of t~ sv-"~ae is drawn back  simosheric oreeure

\upwards. This decrc ressure within :

the cylinder. Atmospheric | sure acting on  ,¢mocoheric

the surface of the liquid drives the liquid into  pressure

~inder through the nozzle of the syringe.
.tomospheric pressure helps the fluid to

lift up the cylinder.

£

PASCAL’S PRINCIPLE T e T |
~ When you pump a bicycle tyre, you apply a force on the pump that in turn

exerts a force on the air inside the tyre . 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 in a
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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Unit - 7

An external pressure applied to an enclosed fluid is transmitted 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 ,ngtif?ﬁ MYDRAULIC LIFT
\_/’/’H a2,

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
atmosphere.

Now, suppose we push down on piston mth the force F,. The pressure P,
exerted by this piston is

Pl —@ =
A N7
Similarly, the pressure on the &
piston lifting vehicle is P,, which can be = §& _
written as F
= - —@)
A
By pascal’s principle

=P —§& o

putting values from equation 1 and equation 2 in equahun 3, we get

L WO
A A
% F.
or F;=AZA"

o R-2F—ED

Depending on the ratio A,/A, the force F, can be as large as reqdireﬂ. To be
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Unit-7 ¢

specific, let’s assume that A, is 100 times greater thanA,. Then, by pushing down on
piston 1 with a force F, we push upward on piston 2 with a force of F.=100F,. Our

force has been magnified 100 times! Hence a relatively small effort can be used to
overcome a much larger load. ‘

el ULLIY HYDRAULIC BRAKES OPERATION  © . e
Hydraulic car brakes are shown in
Figure . When the brake pedal is
pushed, the piston in the master
cylinder exerts a force on the
brake fluid and the resulting
pressure is transmitted equally to
eight other pistons,

These force the brake

shoes or pads against the wheels
and stop the car.

The | Eﬁ ﬁ'jhmﬁflpmssihle therefore the p'r"essﬁre IinCreases directly
w the surface of the liquid. Infigure 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
volumeV is
m

P :Tr- Figure 7.4

or m=pV —®
Since the fluid forms a
cylindrical volume V shown by dotted
lines in the figure which has height h
and area of cross sectionA. Therefore

| V=Ah —@
putting equation 3 in equation 2, we
get

7.6 LIQUID PRESSURE

ﬁ

" Disk

LR R T

- -l-,-,l - -

m=pAh —@) A
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putting equation 4 in equation 1, we gét
F=-pahg —@ 2

INFORMATION

Since pressure is defined as

putting value of force from equation 5in
equation 6 we get

p . PARS Since points A, B, C, and D are at the
A same distance h beneath the liquid
surface, the pressure at each of them
is the same.

PROPERTIES OF LIQUIDS AND PRESSURE

5t
T

T

1) Pressure in a liquid increases with depth
because the further down you go, the greater the
weight of tiquid above. As can be seen in Figure -

A water spurts out fastest and furthest
from the lowest hole.

AL L

2) Pressure at one depth acts equally in all
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.
Hencetalreﬁureemrtedbythe-wateratthis

mgﬂnsamin all directions.

182
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3) Aliquid 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 o
shape.

Example 7.3 BERI R TTC DEPTH

GWEH:_

Pressure P= 1.6% 107Pa = 1.6 x 107 kgm's*
Density = 1025 kg/m?

Acceleration due to gravity =9 8 ms”

(@) The maximum depth a submarine can go down
can be measuredby equation |

Péphg
P- %
or ==
. PS
putting values

ho_1.6x107 kém'g?
1025 kgm™ % 9.8 mg?

therefore £ -1 ¢4 10°m =1.6 km M

Assignment 7.3
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" in a fluid, the pressure on the lower =

7.7 /IPTHRUST AND BU TRSEE
\}yhen an object s immersed I—;’"Egt!ﬂ“ 53

Net force F,.of the fluid on the
surface of the object is higher than | cork is the buoyant force F,

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 fluid pressure fluid pressure
called up-thurst or buoyant force |
and phenomena is called buoyanéﬂ

iis larger than
"If you try to push a piece of | at the top.
cork underwater, you feel the | £ > F,., because pressure is greater

buoyant force pushing the cork back | at bottom of :
up. } exerts a net upward force

7.8, ARCHIMEDES PRINCIPLE |

Why do some things float while others donotZ is floating determined by the
weight of the object? Alarge ship floats, but a small pehhle-ﬁuickly sinks. Clearly, -
it is not a matter of the total weight of the object. The density of the object may
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 floatis found in Archimedes’ principle, whichisst ted as

\T_he buoyant force acting on an object fully or partially submerged ina
fluid is equal to the weight of the fluid displaced by the ubject/,, ‘}\

Everyone has experienced Archimedes’ principle. For example, it is
relatively easy to lift someoneina swimming pool.

Imagine that you submerge 2 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
ontainer. The displaced volume of water is equal to the volume of the portion of

C
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to

container.

the volume _
displaced water 1§

0 |

magnitude of the buoyant force F, acting on the brick at any given time

can be calculated by using Archimedes’ principle. l_ﬂ_ny 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.
J L Es w-[disptaced-ﬂuid).am@]
\magnitude of buoyant force =

According to Archimedes
principle, every object
experiences a buoyant force.
The buoyant force will decrease

3

weight of fluid diﬁpl_a:e d

Figure 7.7

the weight of the object which T

termed as apparent lose of
weight. Whether it floats or sinks
depends on the object’s density
relative to the fluid. When we
push a wood block underwater
and you will feel the upward
buoyant force as in figure 7.7(a).
By Archimedes principle, the
buoyant force equals the weight
of water disp “|since water
is denser than wood, the buoyant
force is greater than the wood’s

weight, and that is why wood

2

" FLOAT. OR SINK
F. = weight of fluid

displaced by wood.
‘Water is denser than

wood P * Prood
so block’s weight W is

less than F,, and the
net force is upward.

F, = weight of fluid

displaced by coin.

* Coin is denser than
water P i < Peon
so coin’s weight W is

net force is downward.

greater than F,, and the

o
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Fﬂ“ " mfg = mu.g

METOET 12t =0V 50 the expression con e rewritten as follows:

Foee = PV, g-pVeg or F e = (P = p.v,)e
A simple relationship between the weight ‘W’ of a submerged object of
mass m, and density p, and the buoyant force ‘Fy’" on the object by fluid displaced |
of mass m, and density p, can be found by considering their ratio as follows:.

W_mog

W _
Fg mgd

| W m -
'- or —==0 &
\ Fg' myg

or submerged object equal volume is displaced therefore
Vo=V,= V
therefore Mg = poV and
ting these values in equation 1, we get

Mg = pgV

AB WORK

find the density of a body heavier than water by Archimedes Principle |

MUY IS CROWN MADE OF PURE GOLD?

L purchases a “gold” crown at a flea market. After she gets mmww
#n from a scale and finds its weighik tobe 7.84N. She then weighs the crown whvle s
W mwater,andmmema% N. \s the crown made nimhm

186



https://www.perfect24u.com/
https://www.perfect24u.com/

GIVEN: REQUIRED:
Weight in air W, =7.84 N Density of crown p, =7
Weight in water W;=6.86 N

Density of water p,= 1,00 x 10° kg/m’

The apparent weight of the crown in water W, is equal to the weight in air W,
minus the buoyant force F, exerted by wateri.e. W, ‘H F, which means that

-
Fp =W, —Ws
Fp =7.84N - 6.86N

The relationship betweén the weight ‘W’ and
the buoyant force ‘F;’ is

w _Po
Fa s
Rearrange the equation to isolate the unknown:

Po '-'-"E"“':Pﬂ \
Fg A

putting values Po = u' ”'x_1=¢103kg."m3

therefore po =8x10°kg/m* — TS

From Table 7.1, the density of gold is 19.3 x 10’ kg/m’. Because 8.0 x 10°kg/m’
is quite less than 19.3 x 10" kg/m’, the crown cannot be pure gold.

Assignment 7.4 RSN ER SIS S0 16 8
Ageolo _-thtammmmumaﬂtmmmtwt
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APPLICATION |
A hydrometer is an
Instrument that measures the —the

ratio of the density of the liquid to i
the density of water. This is a glass
‘tube with a scale on the side
I1..'t.reightnt=3vd at the bottom with lead
shot. The hydrometer floats in the
liquid and if the liquid is dense the
hydrometer does not need to sink
very low to displace its own weight
of liquid. If the liquid has a lower
density it will sink much deeper,

Hydrometers are calibrated for different uses, such as a lactometer for
measuring the density (creaminess) of milk, a saccharometer for measuring the

density of sugar in a liquid, or an alcoholometer for rneasuring hlghértevqts ﬂﬁ.
alcnhahnsmnts | R AS S AT f_j

—_—

Aballoon, filled with helium (@ | POINT TO PONDER
gas lighter than air) will be pushed ——— SN
upwards by the denser air when it is
- released. This is because upthrust is
greater than the total downward
weight of the helium and the material
of the balloon.

Fluids of different A steel ball floats in
densities float on mercury because
top of each other. the density of
' mercury is greater
than that of steel.

188
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7.9 < ELASTICITY.. .

In everyday conversation if someone speaks
to you about an elastic body, you probably |
immediately think of a rubber band. A rubber band
yields a great deal to a distorting force, and yet it

returns to its original length after the distorting
force is 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 tenms racket. A tennis ball is flattened by

: . : | the contact force exerted
Not all materials return to their original | . by the strings of the

shapes whert a_deforming force acting on it is | tennis racket. Likewise, the
removed. Materials that.do not’return‘to their | 3trings of the racquet are |
T . i “deformed by the contact |
original shapes after being distorted are said to be | fgrce exerted by the ball.
inelastic. Examples of inelastic materials are |The two forces are

plasticine, clay and dough. interaction partners.

Most materials are elastic up to a certain | Figgm 7.9 i

limit known as the elastic limit. Beyond the elastic | F

- oIy
limit a material will not return to its original M

dimensions break or permanently deforms when the
deforming force is removed.

7.9.1 HOOKE'SLAW - =

‘}\\E!hen a spring is stretched or compressed,
the extension or compression is directly
proportional to the applied force (Figur 7.9). This

relationship is known as Hooke's law)which states.

%&t within elastic limits the é€xtension (or |
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compression) x is directly proportional to the restoring force F)L', _Le)
(F,ﬁ o —X ) :

'

or f. Pt —-kxy —m)L |

where k is known as the force constant having units Nm’. The negative sign shows
that force is directed against displacement. This relationship is also true for a wi re
under tension. '
7.10 STRESS, STRAINAND YOUNG S MODULUS

A wire under tension will extend. Its extension depends on a number of
factors such as the tension, its diameter and length and the material of the wire.

Suppose that a wire of length | and cross-sectional area ‘A’ is stretched by a
force F and the extension produced is x as shown in figure 7.10

Stress: - Figure 7.10
The stress applied to the wire is defined as the force
applied per unit area of cross-section to produce c

deformation. Mathematically _
| Force FI—;

Areaof crossection

b sues.r,:% B LL ) ¥

| The unit for stress is Nm” or pascal.
Strain:

stress =

As a result of the wire being stretched, it is under : @
strain. The strain is defined as the extension per unit length.
Mathematically '

strain =

extensinﬁ
Original Length

tri:i
o stain=7 — BN

"5 Since strain is the ratio of two lengths, it does not have a unit.
Young’s Modulus;
The strain produced in a stretched wire is proportional to the stress within

| AR Wi IpW

| Tofind the density of a liquid using 5 mi syringe (

nstead of dimity bottle).

190
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the limit of prﬂpurtinnalit W1thin this limit, the ratio is a constant whose value

depends on the material of the wire, and is known as the Young’s modulus of the
material. Mathematically

Modulus for Selected 'M_a:te-i"iﬁli

Stress « Strain
e Material Young Modulus,
or  Stress =Constant x Strain - Y, (Pa)
Constant of proportionality is called L e B ) e —— .
modulus is denoted by Y _jiurninum - ?_'O ”_m
Stre'ss_=Ynung'SMndulquStrai'n _ Brass i 9.0 x 10" .
rearranging the above equation, we get Copper ' 11x10" -
Young's Modulus = :::“ Crown glass 6.0 x 10"
1" 13
Young's modulus is denoted by Y, putting | _Irun - 21 %44 i
values of stress and strain, we get Lead 1.6 x 10"
F- Nickel 21 10"
Y=2:A " =
x | ~ Steel | 20 x 10"

- rearranging Y-*J——m

Young Modulus for different materials are givenin the table7.2.

Stress strain curves: thu& e’ m

Stress and strain curves are measured
by stress tester,,

The applied stress is increased and

~ the change in length is noted. The values are 7
then printed on graph. A typical sraph for | &
metal is shown in the figure 7.11. _

Here, Point, A, is the limit of
proportionality, the limit up to which Hooke” | g

To Etudy the relation bef “oried and extension (helical spring) by drawing
graph,

1
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law is obeyed called proportional limit. Point, B, is the elastic limit, the limit up
to which material shows elastic behavior, point C is the maximum stress wire can
with stand without breaking and point D, is the breaking point, where material

breaks. :
) YOUNG'SMODULUS & .
Awire of length 5.0 m and area of 0.03 m’ is stretched 0. 15 m within elastic limit,

by hanging weight of 270 N. Calculate stress, strain and Young's modulus of
- material of wire. |

{
]

GIVEN: | REQUIRED:

lengthl= 5.0m stress =?

areaA=0.03 m’ ' strain =7
extensionx= 0.15m Young’s modulus ¥ =7

weight = force F = 270 N
a) By definition of stress  stress =

r

A
iy o — AL
putting values stress = 0.03m% |

stress =9 x10° an*i —m

I:;} By definition of strain strain = %
putting values strain = 9*1 am
| 5.0m
strain = 0.03 _m
Stress
: ' M .
¢) Young's Modulus is Young's Modulus e
3 Adin2
. putting values Y = 9.0x10°Nm
0.03

therefore Y=3.0x10°Nm? —QNENES

P AR WIRE STRETCHED
An elastic wire of length 2 m and cross sectional area 0.02 m’ is stretched 0.10m
by a 300 N weight. Calculate the Young modulus of the material.

192
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78 Density: Mass perunit volume

Pressure; Force applied per unit area
Barometer: Device used to measure atmospheric pressure

Pascal’s Principle: if the pressure at one point of a confined fluid is increased by
an amount, the pressure increases by the same amount at all other parts
throughout the fluid.

Archimedes' principle: Abody when completely or partially immersed in a fluid
will experierice an upthrust equal to the weight of the fluid displaced by the
body. This upthrust will bring about an apparent loss of weight of the body.

Elasticity: The property of a body which enables the body to regain its original

7| dimension when the deforming force acting on the body is removed.

Hooke's law: Within elastic limits the extension (or compression) is directly

~ proportional to the force applied.

Stress: The force applied per unit area of cross-section to produce deformation.
Strain: the extension per unit length.
Youne’s Modulus: The ratio of stress to strain.

. e N A |
n |

TYRE PRESSURE: Research air pressures in different tyre typés (bicycles, motor
bikes, cars and trucks). Why are the pressures different for different automobile
tyres? Prepare a presentation to be presented in physics class.

.GROUP - B

SUBMARINES: Prepare a chart on submarine technology, what is the science of their
sinking and raising up.

GROUP - C.

- WEATHER IN PAKISTAN: What is the organization that monitars and predicts

weather in Pakistan, write a research article for the school library.

GROUP - D

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.

193
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Unit - 7

4

(3 Arock weighs 23.7 N in air and 21.8 N in water. What is the buoyant force

of the water
A.4.1N hgﬂﬂ C.1.18N D.0.84N

@ Which of the following objects, submerged in water, experiences the
0 l\z}’r}ﬁt magnitude of the buoyant force? |

A. 1-kg helium balloon; B. 1 kg of wood;

M Choose the best possible answer:
E- ¢} Acontainer having volume of 6 m’ is full with a liquid, having density of 30
T IET:. The mass of the liquid is
; AT180 kg B. 24 kg C.5kg D.0.2kg
L ©) Liquids and gases and collectively categorized as
E A. Liguids B. Pascals mfds D. None
c &5 Which of the following cannot be used to measure pressure
Y AAtm B. Pa C. bar kg nt’ I
? ) Pressure at depth in fluid
‘4 Aincreases B.decreases C. none . D. staysthesame
£ @ The unit used for pressure inweather maps is
i AAtmM B. Pa . bar D.Nm* + l
U
E
1:S
.

C. 1kgof iron; D all the same.
£33 The unit of strain is :
A. kgm” B. Pa C.Nm* me

- &) Young modulus is measured in units of
A. kg m® B. Pa C.N D. none
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| Give a brief response to the following questions.

@ If you climbed a mountain carrying a mercury barometer, would the level of
the mercury column in the glass tube of the barometer increase or decrease
| asyouclimb the mountain? Explain.

@ Walnuts can be broken in the hand by squeezing two Eogether but not one.
Why? ' '

© Why is the cutting edge of the knife made very thin?
(4] Why water tanks are constructed at the highest level in our houses?

€ Why a small needle sinks in water and huge :ships travel easily in water
without sinking?

@ Explain how and why camels have adapted to allow them to walk more
easily in desert conditions? :

| € You would have probably experienced your ears ‘popping’ while driving in
the mountains. Why ears ‘pop’? .

@ If you filled an airtight balloon at the top of a mountain, would the balloon
expand or contract as you descend the mountain? Explain.

€ Arowboat is floating in a swimming poui.' when the anchor is dropped over
the side. When the anchor is dropped, will the water level in the swimming
pool increase, decrease, or remain the same? Explain.

@ Which material is more elastic, steel or rubber and why?

COMPREHENSIVE QUESTIONS - . — —
Give an extended response to the following questions.
L 1) Using kinetic molecular model of matter, explain three states of matter.

@ Define and explain density and pressure.

© What is atmospheric pressure? How is it measured by using a mercury
barometer? Also describe how weather changes with atmospheric pressure?

@ state Pascal’s principle and explain with example?
© How pressure varies with depth in liquids? Explain.
® Whatis meant by buoyant force or upthrust in fluids?
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@ State and explain Archimedes pn‘nciplé.
) What is elasticity? Explain.

) State and explain Hooke’s law. i
) Define and explain, Stress, Strain and Young’s modulus | &

€) Arectangular glass block of dimensions 30 crm by 5 cm by 10¢cm weighs 37.5
, N. Calculate the least and the greatest pressure it can exert when resting
on a horizontal table? :

§) What is the height of a water barometer at atmospheric pressure?

&) The small piston of a hydraulic lift has an area of 0.20 m’. A car weighing |
1.20 x 10° N sits on a rack mounted on the large piston. The large piston has
an area of 0.90 m*. How large a force must be applied to the small piston to

support the car? -

l #) The deepest point in the ocean is 11 km hélm sea level, deeper | tl'rw'l Mt.
Everest is tall. What is the pressure in atmospheres at this depth?

& Ablock is fully immersed in water. Before the immersion the block weighed
| 30 N and while immersed, its apparent weight was found to be 25 N.
Calculate (a) the upthrust on the block (b) the weight of the water
displaced, (c) the volume of water displace, (d) the volume of the block.
and (e) the density of the block. :

@ When a weight of 30 N is hung from a wire of original length 2.0 m, its new
length becomes 2.20 m. Calculate the force constant for the wire, if the !

. elastic limit is not exceeded?

) An80-cm-long, 1.0-mm-diameter steel guitar string must be t1ghtened toa
tension of 2000 N by turning the tuning screws. By how much is the stnng
stretched?

wi B LINK

http:/ /v, strangematterexhibit.com/whatis. html ,
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_High temperature and he
EElEesbreathing periormance
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After studying this un it you should be able to:
v define temperature (as quantity which determine the direction of flow of thermal
v  energy).
v defineheat (as the energy transferred resulting from the temperature difference
v between twoobjects). - '
v list basic thermometric properties fora material to construct a thermometer.
v convert the temperature from one scale to another (Fahrenheit, Celsiusand Kelvin
v scales). |
v describe risein temperature of a bady in term of an increasein its internal energy.
v define the terms heat capacity and specific heat capacity. i
v describe heat of fusion and heat of vapaorization (asenergy transfer without a
v change of temperature or change of state).
v describe experiments to determine heat of fusion and heat of vaporization of ice
v and water respectively by sketching temperature- time graph on heating ice.
v explain the process of evaporation and the difference between boiling and
+ evaporation.
v explainthat evaporation causes cooling.
v list the factors which influence surface evaporation.
v describe gualitatively the thermal expansion of solids (linear and volumetric
s expansion).
v explain the thermal expansion of liquids (reat and apparent expansion).
7 solve numerical problems based on the mathematical relations learnt in this umt.

By 197
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The study of heat transformations into other forms of energy, called
thermodynamics, began with the eighteenth-century engineers who built the first
steam engines, These steam engines were used to power trains, factories, and
water pumps for coal mines, and thus they contributed greatly to the Industrial
Revolution. Although the study of thermodynamics began in the eighteenth
century, it was not until around 1900 that the concepts of thermodynamics were
linked to the motions of atoms and molecules in solids, liquids, and gases,

Today, the concepts of thermodynamics are widely used in various
applications that involve heat and temperature, Engineers use the laws of
thermodynamics to continually develop higher performance refrigerators,
gines, and numerous ather machines.

. TEMPERATURE

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 General
Science for class 8, chapter 9: SOURCES AND EFFECTS OF HEAT ENERGY, that
temperature is defined as ‘the measure of the degree of hotness or coldness of a
body with respect to some standard’. ' - |

Temperature is measured in ‘C, °F, and K. Here we would extend our
understanding of _
temperature on the INFORMATION
basis of kinetic
molecular description.
According to this
theory atoems and
molecules are in
continuous random
motion. According to

this theory, the Death Valley, California: The The Antarctic: During the
temperature can also hottest place on Earth, in continuous darkness of mid-
be defined as: ‘The summer temperature reach to winter, the temperature here
average kinetic 56°C. can be as low as -87°C.
energy of molecules ’

of abody’,

Internal Energy and Temperature:

Internal energy is the sum of the kinetic and potential energies associated
with the motion of the atoms of the substance. For example, in a gas made up of
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single atoms (monoatomic gas), such as helium, the atoms move around, randomly
colliding with each other and the walls of the container. So each atom has some
_translational kinetic energy. However, if the gas is made up of molecules with two
or more atoms, the molecules can also stretch, contract and spin, so these
molecules also have uther types of kinetic energy called vibrational and rotational
kinetic energy.

Like a gas, molecules ina liuid are free to move, but within the confines of

the surface of the liquid. There is some attraction between miolecules, which
means there is some energy stored as molecules approach each other.

In a solid, atoms jiggle rather than move around. They have kinetic energy,

but they also have a lot of potential energy stored in the strong attractive furce
that holds the atoms together.

)

Temperature is a measure of the average kinetic energy of particles. The
other contributions to the internal energy do not affect the temperature. The
kinetic energy may be in the form of translational, vibrational and rotational
kinetic energy. As atoms or molecules of the material are in constant motion, at
high temperatures the kinetic energy of molecules is more and at lower
temperatures it is less.

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 |l = - : -
in the figure 8.1 Which | hetowsvege et (% e en e o
only have translational | energy of the particles is added to the gas
kinetic energy, at high
temperature the increase in translational kinetic energy is observed.

' Take some water in a kettle and place it on a flame. The water gradually
becomes warmer and eventually starts boiling. How does it happen? In fact, the
temperature of the flame is much higher than that of the kettle and the water.
Something must have transferred from the hot flame to the cold water. In general
temperature of any object can be raised (heated) by placing it in thermal contact
with another hotter object.

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.

{ e i . -
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Thermal Propeviies af Matie

It is evident from these examples that in the | Figure 8.2
process of raising the temperature of a2 body S
something must have flown from the hotter
body to the colder bady. 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 they reach a common
equilibrium temperature (thermal equilibrium) somewhere in between their
initial temperatures. During this process, we say that energy is transferred from
the warmer object to the cooler one. | |

Heat flows from the warmer
substance to the canler._

The relationship of heat to thermal energy is analogous to the relationship
of work to mechanical energy we studied in .@agteri&.The symbol Q is used to
represent the amount of energy transfefred by heat between a system and its
environment. As heat (like work) is a measure of the transfer of energy, its Sl unit
Is joule J.

Distinguishing Temperature, Heat, and Internal Energy:

Using the kinetic theory, we can make a clear distinction between
temperature, heat, and internal energy. Temperature (in kelvins) is a measure of
the average kinetic energy of individual molecules. Internal energy refers to the
total-energy of all the molecules within the uﬁject. Thus two equal-mass hot ingots
of iron may have the same temperature, but two of them have twice as much
internal energy as one does. Heat, finally, refers to a transfer of energy from one
object to another because of a difference in temperature.

8.3 MEASUREMENT OF TEMPERATURE

Temperature could be measured in a simple way by using our hand to sense
the hotness or coldness of an object. However, the range of temperatures that our
hand can bear is very small, and our hand is not precise enough to measure
temperature correctly.

Temperature measurement in today’s industnal environment encompasses
a wide variety of needs and applications. To meet this wide array of needs



https://www.perfect24u.com/
https://www.perfect24u.com/

TSN 1 levmal Peopeifiey of Matier
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inventors has developed a large number of sensors and devices to handle this
demand. The branch of physics which deals with the measurements of
temperature is called thermometry. For scientific work, we need some reliable

device or instrument to measure temperature accurately. Such an instrument is
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);
fill 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 cannot trust our subjective

PYreERE RN O AL L A AR A

B.31.1 THERMUME TRIC PROPERTY

In order to construct a thermometer, we make use
of a certain physical property of matter that increases or i 1
decreases uniformly with rise and fall in temperature. This

< v
particular property of 2 substance that increases and w3 1
decreases uniformly with temperature and can be used for i,
. the measurement of temperature is called thermometric weir
property. Some examples of thermometric properties i d :
include the volume of a liquid, length of a solid, gas o |
pressure, electrical resistance and electromotive force. = 0

The commaonty used thermometric property 1s 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
E‘ipanﬁiﬁn 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 a
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
heated. The liquid must be easily
seen and must expand (or
contract) rapidly and by a large
amount 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
temperature is falling. Liquids
commonly used include Mercury
and Alcohol. Different
Thermometers are shown in the
figure 8.3.

e ' e e e
SO i EpY Vml .:ﬂ:’.]::‘_._h!l-—ﬂl e T

|. :
flzbi‘
.

_I'-‘I i — =
.H.‘.i

== ey
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C. Alcohol
Thermometer

A. Mercury  B. Mercury (clinical)
Thermometer  Thermometer

8.3.2 TEMPERATURE SCALES
The scale which is made for

the measurement of temperature is called

temperature scale or thermometric scale. The scale comprises of two reference

points, called fixed points. These

points are given arbitrarily assigned numerical

values. They must be reproducible. The interval between these points is divided

arbitrarily into equal divisions.
There are three scales of

INFORMATION

temperature which are commonly

used. _
A.  Centigrade or Celsius scale:

This scale was introduced by
a Swedish astronomer Anders

modified form of kelvin mﬂ LI EESE

5 L 1 - :

i1s used in laboratory for scienti ¢ purposes and
fahrenheit scale is used for clinical purposes to
measure the temperature of patient.

e ———
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Celsius. In this scale of temperature, the ice point marked as 0 °C and the steam
fixed point is marked as 100 °C at standard pressure. The interval between these
two fixed points is divided into 100 equal parts (divisions). Each division on the
scale is called one degree centigrade or Celsius and denoted by “C.

B. _ Fahrenheit Scale:

This scale was introduced by German physicist Daniel Gabriel Fahrenheit.
In this scale of temperature, the ice point marked as 32 °F and the steam point is
marked as 212 °F. The interval between these points is divided into 180 equal
parts. Each part on the scale called one degree Fahren heit and is denoted by °F,

C. ° KelvinorAbsolute 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
373 K. Thus the interval between them is divided =
into 100 equal parts. Each part on the scale is 2
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 (S| ) of
units, :

8.3.3 RELATIONSHIP BETWEEN DIFFERENT
SCALES of Temperature

A temperature measured on one scale, _
sometimes, needs conversion to another scale, | HI'/° F"“:fﬂ,ﬂggm
Let °C, °F and K, as measured on the three scales, | . [ %ﬂ
denote the same temperature. The length of the | &
mercury column in the capillary of the
thermometer is of fixed value. Degrees of | Celsius Fahrenheit

temperature are measured from the ice - point
- which are respectively 0 °C, 32°Fand 273 K. A general relation for the conversion
of temperature from one scale to the other is

r; '|f-

H 90 Boiing Point
3 of Water

 p— 0°C=32°F

~T'emperature on one scale- ice point Temperature on other scale- ice point
number of divisions between fixed points  number of divisions between fixed points
or T_-scam"Tluu___Tsmu“Tke m

N N
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Unit - 8

A.  Conversion Between centigrade and Fahrenheit scale
Using the general relation we have
Tnc U - 7-13'_— -‘32
100 180
TEIC TﬂF _32
o e
100 180 _
Top= 32
or  Toe =100 —an
100
or Tn = ATy TL'I B
C 130[ F ; el
S e
therefore T.. = 9?*‘{ op = 34) ——m ‘
.. - .

Conversion Between Centigrade and Kelvin scale
Using the general relation we have

Tﬂc 3 D TH 2?3

therefore Tuc How would we

—m "~ woul
- =T +273 m convert °F into K?

NI CERD HUMAN BODY TEMPERATURE

‘ The temperature of a normal human body is 37°C. Find this 'temﬁemtl,lr& on the
 Fahrenheit and Kélvin Scale.

GIVEN: REQUIRED:

Celsius Temperature T..= 37°C Fahrenheit Temperature T.,= ?

5
O
L Kelvin Temperature T, =7
#] To convert °Cinto °F, we use 7,. = %T,c + 32
r
I
0
N

T 9:-:3?":'{ +32°C

l.ir_'s

or T, —66.6°C+32°C

therefore Top = 98.6°C
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thus 37°C=98.6"F -

To convert °C into K, we use Tx =T.. +273
putting values Ty =37°C+273°C
therefore T =310°C

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 change
in temperature and the original size of the substance. Thermal expansion is
different for different states €.8. solid, liquid or gas of the same substance. It is

experienced that gases expand more than liquids and liquids expand more than
solids.

A solid substance can undergo three types of expansion : expansion in length
(linear thermal expansion), expansion in area (superficial thermal expansion) and

A. Linear Thermal Expansion of solids:

The increase in length of a substance due to rise in temperature is
cCalled 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 toits new length ‘L as
shown in the figure 8.5. This means for the change in temperature AT {where A
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The change in length Al is also
temperature increase, a 4-m-long
iron rod will increase in length twice

can write this proportionality as an
equation:

proportional to the original length [,
of the object, That is, for the same

as much as a 2-m-long iron rod. We

i<, —— G

cambining equation 1 and equation 2 we get
Al < [, AT
changing proportionality into equality

Al=al, AT — XD

where ‘a’ the proportionality constant, is called the coefficient of linear
therm&lexpanﬂmfmtttparﬁcularmteﬁalandhasmﬁsuft“undinﬁlaslf‘.

since Al =1, - |, we can write the above equation as
by —lp =aly AT |
taking |, common
']' '—‘lo-l‘ﬂ loﬂ.T

therefore Iy =l {1+a AT) __m

If the temperature change AT =T - T, is negative, then Al = |, - L, is also
negative; the length shortens as the temperature decreases.

From equation 8.6, we can define coefficient of linear thermal expansion a
of a substance as the increase in length purmitlengtlmfthemﬂdper_kelvtn ‘K’
rise in temperature.

Al
T LAT 58

Insimplewnrés,nismrﬁcallythehmmmhi m long wire for 1 degree

ﬂsenftemmture.ﬂwvnheofudepmdsupmﬂtnm’eofmterhhme
vahxsufcoefﬂdentsuflmﬂmmmanﬂm(ulfudlﬂmmw:m

givenin the table 8.2,

D T T W 1



https://www.perfect24u.com/
https://www.perfect24u.com/

Thermal Prepeviies of Moties

gxarnple 8.2 3 BRIDGE ENGINEERING

mmmﬂznww}mmmﬁmhﬁdgeiszuummatwc If the
extmmesnftmhutnwhichﬁm@ﬁhemmeﬂmﬁ C to 50°C how
muﬂuwﬂtttmmmw |

—— e —

GIVEN! . REQUIRED:

QOriginal length |,=200 m (a) Change in length Al =7
Eclegiﬂ%rlt Kgf linear thermal expansion (b) Change in length AL, = ?
Reference Temperature T, = 20°C

Temperature T, = -5°C
Temperature T, = 50°C

(a) When temperature decreases to -5 “C the change in temperature AT, =T, -
T.=-5"C-20°C = - 25°C, since the change in temperature js same in Celsiys
(*C) and Kelvin scale (K), Therefore - 25°C = - 25 K. The linear thermal

expansion is given by
ﬂl‘1 =ﬂJ ﬁ'ﬁ
putﬂngﬂlue; Al =12 %10 K ' x 200 m x(-25K)
Al =—-6x107 m

A Aly =~6cm m

(b) When temperature increases to 50 °C change in temperature AT, =T,-T, =

50°C - 20°C = 30°C, since the change in temperature is same in Celsius (*C)

and Kelvin scale (K), Therefore 30°C = 30 K, The linear thermal expansion is
iveriby s

M: =-ﬂ.lu ﬂ.TI
putting values Al, =12x10° K" x200m=x30K
Al =7.2x10% m

therefore Al, =7.2cm

Thetotalrametheexpanslonjointsumtaccmnndateilem+6cm-
13.2cm

MIMﬁfamrﬁrmmﬁﬂﬁﬁnmmﬂmhﬂthuMMB‘Cm
100 fc:mmwmmmm.cammmmm
ﬂmnnlaxpamimufmmeta{

—_ ’ ==
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B. Volume (cubical) thermal expansion of solids

The increase in volume of a substance due to rise in temperature is called
volume thermal expansion.

Consider a metal block having an original volume ‘Y,’, at temperature ‘T_’.
After heating metal block to temperature ‘T’, the block expand to its new velume
‘V,” as shown in the figure B8.6. This means for the change in temperature AT
(where AT =T - T,) there is corresponding change in volume AV (whereAV=VY_ -V,).

The increase in volume of a metal block, on heating, is directly
proportional to original volume of the metal block and rise in temperature.
Mathematically, : : -
AV AT and AV <V, Figure 8.6 _
combining these proportionalities, we get o _

AV <« V, AT S

changing proportionality into equality

AV =y¥,AT KR

where 'y’ the proportionality constant, is
called the coefficient of volume thermal expansion

i‘“l EEEE ERr e r-q-un_ "._h.,,ﬂ-

for the particular material and has units of °C” and Ee——
inSlask". | | Volume thermal
since AV = V, - V. we can-write the above €xpansion for cubicat
equation as object
VT - Vﬂ =Y Vﬂ AT
- RECALL
taking V, common  V; =V, +y V, AT T al Science for class
therefore Vi =V,(1+y AT) —{BI) |8, chapter; SOURCES AND

From equation B.9, we can define |Thermal expansion of |

-
#

coefficient of volume thermal expansion { Y)ofa | solids, liquids and gases. |
substance as the change in volume per unit volume | We also learned important

per kelvin change in temperature. applications of thermal
AV expansion, we used

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

baak depe physic X DATES. 2.2018 A) COLOR SCAM SET 14-A
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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.
TABLE B.2: THERMAL EXPANSION COEFFICIENTS AT 2070

.- -

Solids

Aluminum 25 x 10° 75 x 10°

Brass 19 x 10* 57 x 10°*

Copper 17 x 10° 51 x 10°*

Iron or Steel i 12 x 10* 1 35 x 10°
Lead 29 x10° 87 % 10°

. Concrete, Brick 12 x 10° 36 x 10°

Ethyl alcohol : 1100 x 10°

Petrol - 950 = 10°
Mercury | i ¥ A SRl x 1

Water i 210 x 10°
Air and most other gases [ &
at atmmheﬁ: pressure | - 400 =10

To see how this relationship comes about, suppose that the solid has the
shape of a cube of side L. The increment in the length of each side is L, and treating

this as a small (infinitesimal) quantity, the increment in the volume L is

or
=
therefore

AV =A(L) =312AL

AV =312 xa LAT
AV = 3a P AT
AV = 3a VAT

Comparing this result for AV with Equation 8.9, we see thaty = 3u
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RICHED 00 HOLES EXPAND OR CONTRACT? INFORMATION

rryuu heat a thin, circular ring in the
mn.doestheﬁngshnlegetlargernr
If you guessed that the metal expands
into the hole, making the hole smaller,
it is not so. Imagine the ring is solid, | L3
like a coin. Place a dented
‘Drawa circle on it with a pen as shown. When the metal expands, = Ping-Pong ball in
the material inside the circle will expand along with the restof  boiling water, and
the metal; so the dashed circle expands. Cutting the metal you'll remove the
mereﬂiedmletmmﬂmtthemEinﬁwmaimm ‘agm_my? |
diamtar ' |

— e e o — — e —

El ampie 3 3

Theacthreétamentofacertain laseriﬁmadenfag&assmdBDOﬁnlangmﬂ?
“having volume 5.30 x 10" m". Assume the average coefficient of linear

of the glass is equal to 9.00 x10°K'". Ifthetemperatureufmemdincreasesby
65.0°C, what is the increase in (a) its length and (b) its volume?

GHVEN - | REQUIREDS /7 i\’
Original length |, =30cm=0.3m ~(a) Change in length Al=?
Original VI'.'I'I.LII'I'IEVB= 5.30x10°m’ (b) Chﬂﬂgﬁ in Volume AV = ?
Coefficient of linear thermal expansion

a=9x10*K"

change in temperature AT = 65.0°C = 65 K
(a) The linear thermal expansion is given by Al =al, AT
putting values Al=9.00 x10° K" 0. 3ﬂﬂn1x65K
therefore Al=1.76x10%m — ©
(b) The Volume thermal expansion is given by AV = V. AT
Since y = 3a, therefore AV =3aV_ AT
putting values AV =3x9.00 x10® K™ %5.30%10° m? x65K

therefure AV =93.0 :-:10*‘ L Answel

A*s.n gnment 3.3

'A200 cm’ plece of tead (y = 87.x m*w‘um"c Ifitﬁhﬂtadtnammof
_40"{: ﬁndﬂmchmuemvolumufmelead 4

e
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8.4.2 THERMAL EXPANSION OF LIGUIDS

Like solids, liquids also expand on heating and contract on cooling. A liquid
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. Therefore in
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.

B. Apparent expansion of liquid:

An appa -t increase in the volume of a liquid, that takes place due to
increase of ter Jeratureis called apparent expansion V, of liquid.

Wher a liquid is
taken in a _ntainer and
heated, both the liquid
and the container expand
at same time. The
difference of these
expansiongs @< -called
apparent expansion. If V,
is the expansion in the
volume of the liquid
(called real expansion)

_ AND APPARENT EXPANGION

and V_ is the expansion in Before Vessel Real
the valume of the Heating Expansion Expansion
container on heating then jo After Heating ——
the apparent expansion :
V,isgiven by as;

Vo=V -¥. — D

Let a vessel has water up to level A, If heat is applied, the vessel will first
expand which will produce an illusion that the water has fallen. This is due to the
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expansion of the vessel and is given by the measurement of the difference of the
two levelsi.e. AB.

If heating is further done, heat energy will start reaching the liquid. The
liquid will then start expanding rapidly, according to its nature, exceeding its
previous level, to reach up to level C, So the measurement of BC gives the true
(real) expansion of the liquid only.

An observer present at the start and at the end will see the whole episode as

just the expansion of the liquid from A to C. So AC measures the apparent
expansion of the

body. Mathematically,
BC = AC + AB
Or, Real Expansion of liquid = Apparent Expansion of liquid + Vessel Expansion

: Since there are two different types of expansion of liquids, their
coefficients of expansion should also be defined differently,

o Uoefficient of Rea! Expansion Yo
It is defined as the real increase on volume of liquid per unit original
volume per unit degree rise in tem perature. It is defined as:

et real increase in volume _
R hﬁ_gmal volume = rise in temperature -
Its unitis per degree rise'in temperaturei.e. °C’ urﬁ". ‘
0. Coefficient of Apparent Expansion “y_:
It is defined as the apparent increase in volume of liquid per unit original
volume perunit degree rise in temperature. :

=y -
- R
1
0

3 apparent increase in volume
original volume x rise in temperature u

'ts unit is per degree rise in temperature i.e. °C" orK”,
. Anomalous Expansion of Water-

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
decreases upto 4°C and from 4°C its
volume increases wi_th the increase of

ol | e T R
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temperature. This peculiar behaviour of water is called anomalous expansion of

water. Due to the formation of more number of hydrogen bonds, water has
anomalous expansion.

As the temperature increases from 0°C to 4°C, the density increases and as
the temperature further increases the density decreases. Hence water has
maximum density at 4°C.This is why ice floats on water, we can see this when we
putice cubes in water to cool it or icebergs floating in ocean.

An oil trucke méed 37,000 L of diesel fuel withy = 9.5 x10* K" at Jackobabad,
wher "ﬂnﬁtf ay the temperature is 50° C. This oil is transported to Kalam where

mmﬁdgﬂﬁe’"f‘_ nperature is 0°C. What is the change in volume of diesel? How
nany litersdid he detiver?
! REQUIRED:

Original volume V_= 37000 L (a) Change in volume AV =?

- Coefficient of volume thermal expansion (b) Volume Delivered V,=?

¥=9.5x10"K"

C@E—E‘ampéﬁﬁtﬁmﬂ =0°C -50°C=-50°C4- 50K

5

(a) The volume of the diesel fuel dEpends directly on the temperature. Thus,
because the temperature decreased, the volume of the fuel also decrease.

The volume thermal expansion is given by
AV =y V, AT

putting values AV =9.5x10* K x37000L x-50K

therefore AV =-1757.5L = -1760L

(b) A decrease in 1760 liters is observed and the
amount delivered was

Vp =V, + AV = 37000L —1760L
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8,4.3 APPLICATIONS AND CONSEQUENCES OF THERMAL EXPANSION -

Thermal expansion is used in our daily life. In thermometers, already
have seen the use of thermal expansion to measure temperature.

A. Railway lines;

When railway tracks are laid the engineers
leave a small gap between two rails as shown in figure
A. If two railway tracks are laid together without any
gap between them they will push against each other
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. Opearing a tightyariig.

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 {ais greater)

e Transmission Lines:

Transmission lines in the summer sag more as
compared to winter.

D. Shrink-fitting’ of axles into gear wheels;

The axles have been shrunk by cooling in liquid
nitrogen at -196 e until the gear wheels can be
slipped on to them. On regaining normal temperature
the axles expand to give a very tight fit.
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E. Expand fitting’ fron ring to a cart wheel:

An iron ring can be tightly fixed into the
woodeh 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 of a hot
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
which expand at different rates as they are heated.
When their temperature increases, the unequal

amounts of expansion causes the bimetallic strip to
bend as shown in Figure. |

For example if equal lengths of two different
metals, such as copper and iron, are riveted together
so that they cannot move separately, they form a
bimetallic strip. When heated, copper expands more
than iron and to allow this the strip bends with copper
on the outside. If they had expanded equally, the strip

would have stayed straight. Bimetallic strips have
many uses, like fire alarm and thermostat.

‘When the thin bimetal strip is |
heated, it bends because of
' unequal expansion of the two
| metals. Here brass expands
' more than steel when heated,
'making the strip bend toward
the steel side.

i ————

-— al B r— ———— _— —

a before heating
==l
' lron

| b after heating
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When a substance absorbs heat its temperature rises. Conversely, when a
substance loses heat, its temperature decreases. Experiments show that the
thermal response of different materials to heat absorption is different. For

example water requires a lot of heat to change its temperature while silver
requires less heat to change its temperature. A massive body requires more heat

energy to raise its temperature to a certain valye than a lighter body of the same
material. .

6.5.1 HEAT CAPACITY (THERMAL CAPACITY)

~ The quantity of heat required to raise the temperature of a substance of
mass (m) by 1°Cor 1 Kiscalled the heat capacity (c,) of that substance.

If AQ is the change in heat and A Tisthe change in temperature, then

-2 — @

The value of ‘c,’ depends upon _
; The nature of the material of the substance, j

The mass of the material of the substance.. -
3. The rise in temperature. :

In-the Standard internati
Kelvin which is expressed as J k'
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The 5.1. unit of specific heat B el N ats)s

capacity or specific heat is joule per VARIOUS SUBSTANCES
Kilogram per Kelvin which is expressed as [ -

Jkg K" Ly Jkg x"
| Different substances have i

different specific heat. The quantity of Aluminum 910
heat needed also depends on the nature Copper . 387

of the material; raising the temperature Glase - . | 340

of 1 kilogram of water by 1 K (1 °C) _
requires 4190 J of heat, but only 910 J is Gold 129
needed to raise the temperature of 1 Iron/ steel 452

kilogram of aluminum by 1 K (1 *C). The

specific heat of water at 15 “C is 4190 J Lead 1o
kg ' K. No other substance has a high - Silver 230
specific heat capacity and it has natural Wood . 1700
benefits in sustaining life on the planet 1
aarth. Ethanol 2450
8.5.3 IMPORTANCE OF THE HIGH | 2410
SPECIFIC HEAT CAPACITY 0O | J' 139
WATE | | BAWAI
S| Water 4190
The specific heat capacity of
water is equal to 4190 J kg' K'. It has | Ar 41
some important implications. Carbon dioxide 638
A, Moderate climate of sea shore: Oxygen [ 651
The specific heat of sand is about 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 surrcunding sea.

B. As a 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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These two blocks of metal (aluminum on the left and :

lead on the right) have equal volumes. In addition, they
wereheatedtﬂequaltemmturesbefmm
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 is 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.

BT PR IED AMOUNT OF HEAT TO RAISE THE TEMPERATURE OF WATER

Huwrm::h heat is requiredtnina'eamﬂwtanmmtureﬁfﬂ 5 kg of water (with ‘
spedﬂcheatcapacltyof419mkg K“‘)frnmw*cmﬁ'.i‘t?

3 GIVEN: REQUIRED: |
- Massof waterm=0.5kg _ Heat required, AQ=?
Initial temperature T,=10°C | | ' HA\W/
Final temperature T=65"C

Rise in temperature AT=T-T,=65"C-10°C= 55 C=55K
Specific heat of water c = 4190 J kg K
The specific heat capacity is given by

_AQ
mAT

or AQ =cmAT
putting values AQ =4190 Jkg 'K x 0.5 kg x50 K

therefore AQ =104750J —
Assignment 3 E SPECIFIC HEAT OF SILVER

If 117.60 J of heat is required to raise the temperature of mgnfﬂwm
50°C. Calculate the specific heat of silver. |

LAB WORK

To find specific heat by method of mixture using
containers of negligible heat capacity. '
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8.6 LATENT HEATAND PHASE CHANGE p
A substance usually undergoes a m S

change in temperature with transfer of
energy (heat). In some cases, however,
the transfer of energy doesn’t result in a
change in temperature. This can occur
when the physical characteristics of the
substance change from one form to another,
commonly referred to as a phase change.
Some common phase changes are solid to
liquid (melting), liquid to gas (boiling),
liquid to solid (freezing) and gas to liquid
(condensation).

As a thernmmeter comes into
thermal equilibrium with an
object, the object’s temperature
object is so massive compared with
the thermometer that the object’s

temperature cha nge is

insignificant, |

Energy used to cause a phase change does not Cause a temperature change.,

When ice melts at

- becomes steam at 100 °C. The same is truein
becomesiceato °C; when steam at 100°C con

The heat required
!]f]i‘.ﬂd Dr vapour, or
Caligddy tonih

B.6% hik |
The amount of

ol thats§S5stance.

from the solid state to the liquid state
called its latent heat of fusion. Li
they solidify (freeze).

Specific latent heat of fusion:

heat energy required to convert a given mass of a substance

0 °C it becomes water at 0 °C; when water boils at 100 °C, it
reverse: When water at 0°C freezes it
denses it becomes water at 100°C

‘0 change the physical
a liquid into a vapour) but

state of a substance (solid into E
does not Change its tegaperaturess

any rise in temperature is
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8.6.2 LATENTHEAT OF VAPORIZATION

The amount of heat energy required to convert a given mass of a substance
from the liquid state to the gaseous state (boil) with out any rise in temperature is
called its latent heat of vaporization. Gases release the same amount of heat

when they Liquify (condense).
Specific latent heat of vaporization:

The amount of heat energy required to convert unit mass (one kilogram) of
the liquid at its melting point to gas, (or gas into liquid) with out any change in
temperature is called its specific latent heat of vaporization of the solid. If ‘AQ’ is
the amount of heat energy needed to vaporize mass ‘m’ of a liquid to gas (or
condense gas to liquid), then mathematically

aq -=mt, —— (L

Where L, is the latent heat of vaporization, such that

AQ
L= —
The S.l. 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 - WATER PHASE CHANGE ANL TEMPERATURE-TIME
GRAPH ON HEATING ICL

Take a beaker and place it over a stand. Put small pieces of ice in the
heaker and suspend a thermometer in the heaker 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 jce has melted

to form water.

LAB WORK
» To draw graph betwee:

e
B, R - )
b Ei

heat of fusion

LELIN. . = -
i .I-._-_E-T=-' 1 "-?-—T':"r;.:. ST =

-
-4
1
¥
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beaker

ice + water
at 0°C

burner

T Time ()
3 Lt _ -t
- 100200 300 400 500 600

Now, on heating beyond point ‘B’, the temperature of water started rising

as shown by the slope line

‘BC” in the graph, Sihce the heat absorbed during the

change of state of a.substance-does notraise its temperatlre) it'is called latent

heat or.hidden heat. The graph aiso
 shows when water is. boiling and
changing into steam, the temperature
remains constantat 100 °C though heat
is being given continuausly to water.
This heat which is going inte water but

not increasing its temperatuie is the |

€nergy required to convert the water
from the liquid state to the vapor state,
Since this heat: does not show its
pPresence by producing a rise in

temperature, it is called latent heat of HhE

vaporization of water. Let us look, for
example, that how much energy is
needed to melt a kilogram of ice at 0°C
ta produce a kilogram of water ar 0° ¢

:
:.
i
|
:

LA L T L LT ] hapan— :

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,
Kilogram of ice.

= (1.0 kg}(334 kJ/kg) =
This is a lot of energy as it represents the same amount of energy
needed to raise the temperature of 1 kg of liquid

333 kJ is the energy to melt a

water from 0°C to 79.8°C. Fven
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TOre energy

s required to vaporize water;

it would tﬂk‘? ZEDO kJto cha 1245, 1 ke of

\iquid water at the normatl boiling point {106°C at atmospheric pressure| Lo steam
(water vapor). This example shows that the'energy for a phase change is enormous
compared to energy associated with temperature changes without a phase

change.

The latent heat of fusion for a given substance is different from the latent

heat of vaporization for that substance. Representative values for melting point,
latent heat of fusion, boiling point, and latent heat of vaporization are listed in

Table 8.4.
Mateiis) fusion (J/kg) Vaporization (J/kg)
'~ Helium 5.23 x 10° 2.09x10°
Oxygen 1.38 x x 10° 183 2.13 x 10° q
‘Water 3.33 x x 10° | s 1(.‘;61 | 2.26 x 10°
" Mercury | 113xx10' | 357 =g 2.93 x 10°
Sulphur 3.81 % x 10 T 3.26 x 10°
" Lead T2.45 x x 10' 1750 8.70 x 10°
Alurminum 660 307« %10 | | 2450 194 x 10
Copper 1083 1.34 x 10° 1187 5.06 % 10°
Silver G861 R.82 x 10 11:?-:": 2.33 x 10°
 Gold 1063 T 6.44x 10° 2660 158 x 10°
INFORMATION

L

M u....l.—A\ATFE_?IJME AlCOIORSCAN SET 15-8

The element gallium has
a heat of fusion of only 80
kikg' and a melting of 30 |
°C hence it melts ever
when placed on palm.

‘Why is a scald from steam
often more serious than one
Steam at 100°C contains more

which for water is quite high.
and condenses, a large amount.

=
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It is aiso possible for 3 substance to change
directly from a solid to a gas. Inis 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

frazen 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,

€vaporating, condensing and subliming are shown in the
figure,

i)

| WEEJ MELTING IC]

 Find the at'nmwtltmgthe ice having mass 1.3kg at -10 °C2 (Latent
heat‘ﬂf fusion forice L, =3.3 x 10° J/kg and specific heat forice c=2.2 x 10°J/ kg_K]J

e —

—

GIVEN: REQUIRED:
Mass of icem=1.3 kg Heat required AQ = ?
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 jce L =3 3 « 10° J/ kg

°Ct0 0°C (melting point).
SQ1 =CmMAT

putting values AQ; =2200Jkg K 'x1.3 Kg x10K

therefore  AQ, =2.86 x10% J

iy
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Now we will find heat required for melting ice at 0 °C, such that
ﬁQI = I'ﬂLf

putting values  AQ, = 1.3kgx3.3x10° J/kg
therefore  AQ; =4.29x 107 J

Total heat required for the whole process
AQ = AQy + AQ;

. putting values  AQ =2.86x10"J+ 4.29x 10° J

or AQ = 4.58x10° ) — e

Assignment 8.6 NAUNSL VLR

Find the amount of heat for evaporating 2.8 kg of water at 45 C*2. Latent heat of
vaporization for water L =2.3 = 10" J/kg and spec e?wat nfwatqrﬁﬁﬁm
Lo ' | S

87 EVAPORATION OF LIQUIDS

Wa ohiervedithat Wateranadther iquids start taboil ifthey are heated to
their boiling temperatures. The liguid staprs to.transform into vapours but/ the
change of liquids into vapours gées an even when the'temperaturesis below the
boiling point. For example, Aspread wet cloth on being exposed to the air becomes
dry in a short time due 1o avaporation of water. Water left in an open dish also
disappears dile 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 molecutes, naving sufficient kinetic
eneray to-overcome the forces of attraction, teave the surface of the liquid and
ascane out in the farm of vapour. We call this escaping of the high energy

molecules as evaporation.

The process by which a liquid slowly changes into its vapours at any
temperature (below its boiling point) without the aid of any external ____
cource of heat is called evaporation of liquids: Experiments have shown £
that evaporation of liquids dependson the foltowing factors. K

A. Nature of liquid: oo
. L | . 1 2 ; " 3 ;E;:.i -'--'-.1',:!‘
Liquid with low boling points evaporates moie rapidly than ol o
taase with hieher boiling points.-For exampie the rate of evaporationof | ==
§ M = s i ".
alcohol is higher than that of water. =iy

e e gL s marmame = aasan AN ORECAN SET 15-A
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B. Temperature of liquid: S

Due to higher temperature, molecules of
liquid at the surface will have more kinetic energy |
and chances of escaping will increase and R
evaporation will be fast. This can be seen while S—
ironing clothes. Under a hot iron wet Clothes dry SRRt

out quickly as the water evaporates quickly.
¥ Temperature of surroundi ng.

The higher the temperature of the .
surrounding, the higher is the rate of evaporation, T
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 S HEEE
present in air, the less is the rate of evaporation. It #¢
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 fiquid:

Increased surface area gives the molécules- BB
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
campared on a calm day.

G. Dryness of Air:

Drier the air, the more rapid is the
evaporation. Presence of water vapour .reduces
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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B.7.1 EVAPORATION CAUSESCOOLING

When a liquid evaporates, its molecules convert from the liquid phase to
the vapor phase and escape from the surface. The process that drives it is latent
heat. In order for the molecule to leave the liquid surface and escape as a vapor, it
must take heat energy with it. Since the molecule is taking heat with it as it’s
leaving, this has a cooling effect on the surface left behind. For example, spint
spilled on your palm quickly evaporates. As a result, your palm feels cold. Water
evaporates much slower than ether and spirit. Evaporation of water also produces
cooling. You can feel the chilling effect of the evaporation of water if you sit under
a fan and wearing wet clothes. Perspiration in a human body helps to cool the body
and to maintain a stable body temperature.

The kinetic theory explains the cooling caused by evaporation. During
evaporation, more energetic molecules escape from the liquid surface. Molecules
that remain in the liquid have lower kinetic energy. A liquid with molecules of less
kinetic energy has a lower temperature. Thus evaporation produces cooling.

8.7.2 EYAPORATION VS BOILING

\Japurizatiﬂn (or vapourisation) of an element or compound is a phase
transition from the liquid phase to vapuor. There are two types of vaporization:
evaporation and bailing.

Evaporation isa phase change from the liquid phase to vapour that occurs
at temperatures below the bojling temperature at a given pressure. Evaporation
usually occurs on the surface. Boiling is a phase transition from the liguid phase to
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. Cooling by Fans:

We use fans in the hot season because the moving air increases the rate of
evaparation or perspiration from our bodies. Hence we get a cooling sensation. As
discussed earlier, perspiration helps in cooling the body and regulating its
temperature. |

B. Fever Control:

Wet towel is applied on the forehead of a person running high fever. It is
because, as the water evaporates, it takes heat from the head. Thus the
temperature of the head remains within the safe limits and the patient does not
suffer any brain damage.

3 Refrigerator:
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There are six parts of a refrigerator. : IR REFRIGERATOR

1. Heat exchanging pipes: refrigerant

These coils are present on the inside | 8¢ (vapour) 77
and the outside of the fridge , they carry the ¥ e
refrigerant from one part of the fridge to

another. candergsr Sl
2. Refrigerant: Il
This is the substance which / |
€vaporates in the fridge causing freezing | refrigerant Ml |
temperatures. liquid
3. '_Expansiunvalvl: — L

The expansion valve which is made up of a thin copper coil reduces the
pressure on the liquid refrigerant.

4. Compressor:

A compressor is a metal object which compresses the refrigerant thus
raising the pressure and in turn the temperature of the gas.

5. Condenser:

A condenser, condenses, that 1s, 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

outside it, and sealed 50 it is a continuous loop. The pipe is filled with a
refrigerant, 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
it to the outside.

" Refrigerant and Environmental Conicern:
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 old
~ refrigerators because of the chlorofluorocarbon (CFC) chemical as coolant has a

L =
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property of damaging the ozone layer. Modern refrigerators usually use a
refrigerant called hydrofluorocarbon (HFC), which was supposed to have zero
potential to deplete the ozone layer. However in 1974 researchers predicted that
emissions of HFCs could damage Earth’s atmosphere by the catalytic destruction
of ozone in the stratosphere. The hypothesis has been proven in 1985 by
measurements which have shown the destruction of the ozone layer over
Antarctica. Scientist are now looking to develop new refrigerant that is natural
and have low global warming potential (GWP) and zero Ozone Depletion Potential
(ODP). |

Thermometry: The branch of physics which deals with the measurements of
temperature is called thermometry.

Temperature: The measure of degree of hotness or coldness of a body is called
temperature.

Thermometer: The device which is used to measure temperature is called
thermometer.

Heat: The form of energy which is transferred from one body to another body
- due to the difference in temperature is called heat.

Thermal expansion: The expansion of substances on heating is called thermal
eXpansion.

Specific Heat: The amount of heat requiredto raise the temperature r::f a unit. H
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 anv 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.

Boiling or vaporization: The process in which a liquid-change into gaseous
state with out rise of temperature by the absorption of heat energy is called
boiling or vaporization.

Latent heat of water: The amount of heat energy required to vaporize one
kilogram (1 kg) of a water at its boiling point 100 “C with out any rise in
temperature is called its latent heat of water.

Evaporation: The process by which a liquid slowly changes into its vapours
below its boiling point is called evaporation.
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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 dppropriate? What are the advantages

and disadvantages of each fluid? summarize your research in the form of a
presentation or report. -

GROUP - B

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?
in the rip in different equipment. Prepare a chart to

be displayed in classroom.

HISTORY PRESENTATION: Discuss with elder people that until refrigerators,
air conditioners or even fans and electricity was limited what methods
peaple used to cool themselves and water for their use. How they stored
fruits and vegetables. Prepare a presentation for the class discussion.

WRITING FOR SCHOOL MAGAZINE ON LARGE VALUES OF WATER: Water has
an unusually large specific heat and large heats of fusion and vaporization.

other materials, such as methanol? Write an essay to be published in school
magazine. '
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Choose the best possible answer:
@ TheS.1. unit of heat1s

l.’J/ B. kg C.K' D. K

QThe S.1. unit of temperature is |
A.°C BF C.J. B/K'
@ The Fahrenheit and Celsius scale reading of temperature coincide at
A.0° B.-460 C.-273° . —40°
@ 310K in centigrade scale is
R'E;‘c B.310°C C.63°C D.273°C
@ When water at0” c‘.)ated ,itcontractstill temperature reaches.
A.1°C C.100°C D. 100K
@ TheS. 1. unit of specificheat is
A. JK’ B. JK kg’ C.Jkg' D. JKkg
) Therelation betwfﬂ'n coefficient of linzar and volume expansion is;
A.a=3y B.y=3a C.y=a/2 D.y=6ad
{ TheS.1. unit of Latent heat is
A. JK B{kg ) C.JKkg' D. JKkg

@ How much heat is required to melt of 1 kg of Zink at its boiling
temperature 240 °C with latent heat of 113 x 10" Jkg'
A%H.W’J B.1.13x10°) C.2.4x10J - D.2.71x10")

@ The amount of heat required to raise the temperature of 1 kg of water by

1Ki1s
A 1J B. 400 J C. 310J l(aumJ
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CONCEPTUAL QUESTIONS

Give a brief response tothe following questions.

@ Ordinary electric fan increases the kinetic energy of the air molecules
caused by the fan blades pushing them means the air temperature increases
slightly rather than cool the air? why use it?

124 Why are small gaps left behind the girders mounted in walls?

_0 Why you should not Put a closed glass jar into 3 Campfire. What could
happen if you tossed an empty glass jar, with the lid on tight, into a fire?

® Explain why it is advisable to add water to an overheated automobile engine
only slowly, and only with the engine running.

@ Explain why burns caused by steam at 100°C on the skin are often more
severe than burns caused by water at 100°C.

(6] Explain why cities like Karachi situated by the ocean tend to have less
extreme temperatures than inland cities at the same latitude.

@ An iron rim which is fixed around a wooden wheel is heated before its
fixture. Explain why?

9 Whyisiceat 0°Cabetter caolant of soft drinks than water at 0°C?

(9] th'wg feel cool after perspiration?

COMPREHENSIVE QUESTIONS

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.

& Howdowe Mmeasure temperature? Explain liquid in glass thermometer.

® What are various temperature scales. Derive mathematical exXpressions to
convert between various scales of temperature.

@ What is meant by linear thermal expansion and volume thermal expansion
of solids?

@ What is thermal €xpansion 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 vaporization of
a substance?

€ What is meant by evaporation ? On what factors the evaporation of a liquid
depends. Explain how cooling is produced by evaporation. Diffrenciate
between boiling and evaporation.

NUMERICAL QUESTIONS

© Perform the temperature conversions (a) Temperature difference in the
body. The surface temperature of the body is normally about 7 "C lower
than the internal temperature. Express this tem perature difference in
kelvins and in Fahrenheit degrees. (D) Blood storage. Blood stored at 4.0
°C lasts safely for about 3 weeks, whereas blood stored at -160 " C lasts for
5 years. Express both temperatures on the Fahrenheit and Kelvin scales.

# Consider a metre-stick composed of platinum (the cuefﬁcierit of linear
expansion for platinum ic a=B.8 x 10" K"). By what amount does the length
of this metre-stick change if the temperature increases by 1.0K!

€ Arailway line made of iron is 1200 km long'and is laid at 25 “C. By how much |
will it contract in winter when the temperature fallsto 15° €2 By how much
will it expand when the temperature rises to 40°C in summer? (the
coefficient of linear expansion forironisa =12 x 10°K").

@ 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 ° C. The coefficient of volumetric

expansion of brass is 57 x 10°K".

@ what is the specific heat of a metal substance if 135 kJ of heat is needed to
raise 4,1 kg of the metal from 18.0°Ct037.2°C?

€ How much heat is needed to melt 23.50 kg of silver that is initially at 25°C?
(Specific Heat of silverisc = 230 J kg K'Latent heat of fusion for silveris L,
=8.82 x10%.

http: / /www.thermopedia.com/
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& % After studying this unit you should be able to:

R - recall that thermal energy is transferred from a region of higher temperature to
region of lower temperature.

&8~ describein terms of motecules and electrons » how heat transfer occurs in solids.
c ¥ state the factors affecting the transfer of heat through solid conductors and
K nence, define the term “Thermal Conductivity”,
g ~ solve problems based on thermal conductivity of solid conducters.
N . write examples of good and bad conductors of heat and describe their uses.
‘ Bxplainthe convection currents in tiunds due to difference in density.
8 v state some examples of heat transfer by convection in everyday life.
< explain iisulation reduces 2nergy transfer by conduction.
fl ¥ describe the process of radiation from allt objects,
-. _;' § = €xplain that encray transfer of a body by radiation does not require a material
medium and rate of energy transfer is affected by:
Colour and texture of the surface
*  Surfacs temperature
* Surfacearea

e
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Heat (Q) is the thermal energy inhat Can De
transferred between two systen;us. by temperature
difference. When two bodies are at different
temperatures, thermal energy transfers from the one
with higher temperature to the one with lower
temperature, |

Heat transfer has an enormous range of
application, even our survival, and comfort, depends
on keeping our bodies at a constant temperature. To
keep a building or a house at a comfortable
temperature in winter and in summer, if itis to be done
economically and efficiently, requires a knowledge of
how heat travels.

'The handle of a metal spoon held in a hot tea .
soon gets warm. Heat passes along the spoon by &
conduction.

Conduction is the flow of thermal ‘energy
(heat) through matter from places of higher
temperature to places of lower temperature without
movement of the matter as a whole.

9.1.1 Mechanism of Heal ConQuction

The mode of heat transfer by conduction can be Figure 9.1 -
Hand

examined with the help of a simple activity. Take an |
iron bar. Hold one end of the bar in the flame of a Metal bar
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? 1 :

The mechanism of heat conduction can be Heat Transfer Activity
explained by the behaviour of atoms within the
material. The solid iron rod is made of closely packed iron atoms. According to
kinetic molecular description of matter the greater the temperature the more is
the kinetic energy of atoms or molecules. The atoms in the hotter part of the rod
vibrate more violently (thus possess more kinetic energy) than those in the colder
art.

=
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Initially, before the rod is insertec into the HEAT TRANSFER

flame, the iron atoms are vibrating about Y CORDUCTION
their equilibrium positions. As the flame | Metal Atom

heats the rod, the iron atoms near the flame T

begin to vibrate with greater speeds and peeste et

wider distance. These wildly vibrating atoms
collide with their neighboring atoms and
transfer some of their energy to these atoms. | burner
Which in turn pass thermal energy to their
own neighbors and so on as shown in figure
9.2. lron is a metal and contains 3 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 atoms in
the heated part vibrate more with greater
speeds. The free electrons that collide with Increased
these atoms gain kinetic energy and move vibrations spread
faster. They diffuse into the colder part of the |  burner %, throughithe metat |
metal where collisions with other free
éléc-tmns_ and atoms occurs which resultin 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.

Atoms are vibrating
about their mean
pasitions

Atoms are
energized and
vibration increases

Some materials allow heat to pass through them easily. The :re called
heat conductors or good conductors. Those that do not allow heat to fic - through
them easily are called heat insulators or bad conductors.

RISON OF CONDUCTING ABILITY UF DIFFERENT METALS

monstration of the different conducting |
rious metals is shown in Figure. Match match sti

mwmmamheremwfme Wﬂe*'mw paraffin wax —tripod’
| byaburner. When the temperatures of the far ends
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_Metals are the best heat
conductors. Materials such as
wood, rubber, plastic, paper
and fiber glass are poor
conductors of heat. You can
sometimes tell how well

something conducts just by |iron copper brass alminurn
touching it. © | red  rod rod rod

A similar activity for
comparing the conducting abilities of different Activity g_m
matals is shown in the figure. The ends of long
rods of the same size but made of different -
metals are soldered into a tank. Initially, coat hot water "

each rod with a layer of wax. Pour some boiling test tube
water into the tank.

flame
Wait for about ten minutes or s0. Wax

melts to different lengths along the different Bur.ner

rods. A greater length of wax melts on/the

copper rod. This shows that copper is a good i

conductor amongst these materials. .
Conduction occurs in all the three states !” !ra bad cond Etﬂ‘ ﬁ

of matter solids, liquids and gases. Solids hﬂ’l::'l'hbwaﬁarat the;wpuf'
conduct better than liquids. Gases are the | e test tube can be boiled

worst conductors. As discussed earlier metaliic | yithout mﬁldﬂﬂ the fr_.e 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 do not
have {ree electrons.

Most of the liquids are poor conductors of heat. Compared with solids, the
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 poor
conductivity is itlustrated by the activity 9.4. Gases are the poorsst of all heat
conductors. In gases the separation between particles is very large. Air nas ancut
one-twentieth of the thermal conductive ability of water. Many materials such as

wood. cloth, fiberglass and plastic foam etc are poor conductors because they
contain tiny pockets of trapped air.
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PRACTICAL APPLICATIONS OF CONDUCTION OF HEAT

The good, as well as,
applications in our daily life,

A, Cooking pots and pans:

bad thermal conductors have many useful

-are good t'hennal conductors. They conduct heat readily
to the food inside and to spread it evenly.

8. 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:

D Pot holders and table mats:
Pot holders and table mats for hot pans are made

of poor conducters such as cloth and wood. The use of |
poor conductors avoid burning of hands.

k. Woolen clothes:

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

F. Igloos:

Igloos type of shelter (house or hut) built of snow.
Igloos are constructed from ice and snow to provide
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 bax:

Ice box has a double wall made of tin or iron. The
Space between the two walls is filled with cork which fs the
poor conductor of heat. |
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The cork prevents the flow of out side heat into the

box, thus keeping the ice from melting.
H. Soldering:

During soldering objects are in direct contact, such
as the soldering iron and the circuit board, heat is
transferred by conduction.

9.2 THERMAL CONDUCTIVITY

The thermal conductivity of a
substance is a measure of the ability of
the substance to conduct heat energy.
The rate of flow of heat through a
medium depends on a number of
factors.

For example consider a rod of |

length ‘L', area of cross-section “A.

Let the hot face of the slab be at

temperature T, and the colder face be
at temperature T, which means 1, >
T.. The rate of heat flow (Q/t) across
the slab depends on the following
factors.

i) The difference of temperatures 5
- T, between two the two faces of
the slab. The greater the
temperature difference, the
greater is the heat transferred per
unit time across the slab.

ii) Length of rod ‘L" more the length,
the less is the rate of flow of heat
through it.

iii) The cross-section area (A). Larger |
cross-sectional area will allow a

greater rate of heat flow.

iv) The nature or material of the slab.
Mathematically,

Q Tp=T,
Y o kx A c
2 _ax e —(EH

BTy e R .

b.  Temperature

TABLE 9.1: THERMAL CONDUCTIVITIES
OF COMMON SUBSTANCES

Silver

_Cupper

Gold

Aluminum :

brass

_Steei iron

lead
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Where k is the thermal

conductivity of the material of the bar, Thermal conductivity
Thermal conductivity depends on the _ JmK's' r
nature of the m:te:al. Such that Steel (stainless) 14
" _ _

kf,axr:(rh-rc) &3 i Lo

As a special case, if L=1m, A= | Concrete brick 0.84
1m’ s Ta=-T.=1°Cor 1K and t=1s,then ' Glass (average) 0.8
frnm Equation 9.2 we obtain k = Q. Water 0.6
Thus the thermal conductivity k of a - -
substance is defined as the quantity of Wood 0.08-0.16
heat which flows through one square Cotton 0.08
metre of area of the substance in one - 1

5 | Cork 0.042

second when a temperature |
difference of one kelvin is Wool 0.04
maintained across a thickness of one Plastic foam 0.033
meter. The S| units of thermal i 0.003
conductivity are Wm'K" or Jm'K's". | i
Some typical values of thermat . _Styrofoam 0.010

. ,:@Lty are listed in Table 9.1.

as @ total area of 0.950 m* and walls with

an aver. kne: w: Maﬁ’ns ice, water, and canned
beverﬁgésatﬂ“c'fm inside of the box is kept cold by melting i ice. Whaﬁs the
meuffanerw*tm‘mfer inJ/sif theﬁmbﬂx is kf.‘ﬁtat.ﬁﬁ,ﬂ“(:?

GIVEN:

Area A = 0.950 m’

Length L = 2,50 cm = 0.0250 m;

Temperature difference T, - T.=35°C-0°C=35°C=35K

thermal conductivity of Styrofoam k = 0.010 Wm'K"

REQUIRED:
rate of heat transfer Q/t=?

‘The rate of energy transfer is given as
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therefore Q?=13.3W=13,3§

Assignment B CONCRETE WALL 0.20m THICK

Find the amount of heat transferred in one hour throu

6.9 m’, and 0.20 m thick. One side of the wall is held at 20°C and the other side is
at5°C. The thermal conductivity of concreteis 1.3JK"'m"s™. +

4 3 €EONVECTION OF HEAT

We can warm our hands by holding them over an open flame. In this case,
the air directly above the flame is heated and expands. Heat is transferred by the

movement of heated particles. | sctivity 9.3 SRl ZeiloliRe I IS8}

The transfer of heatl Convection C_ﬁffﬂﬁﬂﬁ d
from one place to another by | shown in water by
the bulk motion of fluids Is dropping a few cr 'ﬂ
called convection. Convection ganate
accurs only in fluids (liquids and
gases). Convection cannot
occur in solids as the atoms'in a
solid are located in fixed EPEOOW UiB.LIYSES N
positions and cannot change :E:;Lsﬂzpi;tgffgﬁ
olace. For.the same reason | upwards. .
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 Fi -
. : . gure 9.5

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.

9 3.1 MECHANISM OF HEAT CONVECTION

The heated portion of water at the bottom of
the expands and becomes less dense. Being less dense,
the warm water moves upward. It is replaced by the
cold and dense water around it. The cold water flowing

e e o e emam s AT~ AL CEAREET TEA
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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.

9.3.2 PRACTICALAPPLICATIONS OF HEAT CONVECTION

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. Séabreeze:

Convection causes coastal breeze. e e
During the day the land heats up more quickly '
than the sea. The hot air aver 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
mare 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. Riding on Thermals:

Thermals are streams of hot air rising in A
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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D. Refrigerator:

In a refrigerator, convection is used to
circulate cold air around the food. Air is cooled
by the freezer compartment at the top of the
refrigerator. As it sinks, it is replaced by warmer
air rising from the below. The circulating air
carries heat energy away from all the food in
the fridge.

Air cooled
by the
cooling
coil sinks
tothe

- bottom of
the '
refrigerat
-

A Ventilation:

Convection currents are used in L=l
ventilation. Your classroom or the rooms in your L
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 s drawn in to the
room through the doors and windows. Similarly,
smoke and hot gas from the fires in houses and
factories rise up and escape through the
chimneys.

TID-BIT

Whmyaulightacandle \eats the air near the flame
as it burns. Because hot air is les's dense—anﬂ h&nml
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
q necessary for a candle to continue burning. When the

burning candle in this jar is dropped, it suddenly finds
itself in free fall—an essentially “weightless”
environment where buoyancy has no effect. As a result,
convection ceases and the flame is quickly extinguished
as it consumes all the oxygen in its immediate vicinity.
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9.4 RADIATION OF HEAT
When we sit next to an open campfire,

the heat from the fire does not reach us by
conduction 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.
Sun heat also warms up anything on which it -

The heat transfer from a hotter place to a colder place with or without having a
Mmaterial medium in between is Called radiation of heat,

Unlike conduction and convection transfer of heat by radiation, does not

necessarily require a material medium, -
9.4.1 MECHANISM OF RADIATION OF HEAT
The mechanism of radiatian 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 SNergy transferred through radiation is as familiar as the
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Ty arssrts -.‘_f Head .

mate_n'al medium like glass.

Every object around us is continually
radiating, unless its temperature is at absolute
zero 0 K (which is a little unlikely because you
can't physically get to a temperature of
absolute zero, with no molecular movement).
For example a scoop of ice cream has
temperature of about 237 K, therefore it
radiates.

Even we radiate all the time, but that radiation isn’t visible as light

hecause it’sin the infrared part of the spectrum. However, that light is visible to .
infrared scopes, asyou’ve probably seenin the movies or on television.

Figure 9.6 ELECTROMAGNETIC SPECTRUM

0.0001 nm_ 0.01

OD AND BAD EMITTERS AND ABSORBERS

some surfaces are better absorbers | Activity 9.4 aDIAT
of radiation than others, a black colour
~ absorbs most and white reflects most. Adull i
black kettle absorbs heat better than a with one ¢ide polished

silver kettle. Standing in the sun, a black car e ﬁ u?l >
warms up more quickly than car of any other '&'.L‘fh ;‘:ﬂm

colour.

some surfaces are better at “WWMMﬁwhilmm

F
B [ . H LE

emitting radiation than others when heated side of a hot copper sheet that has one side

or allowed to cool. A black saucepan cools polished and the other side_ blackene
: : :Mﬂ-imﬂﬁﬂ‘éiﬁwbﬁw he

down quickly than any other. Hot water in @ | piack surface is al o '

kettle covered with soot cools faster than a
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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
0 Surface area

'"RAi TIC A APPLICATIONS OF RADIATION OF HEAT

The following are few examples of radiation of

heat.
A, Colouring Materiais:

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
satellite (the Hubble

Space Telescope) minimizes
tEmperatur&changes.
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D.  ThermosFlask: SPICERA THERMOS FLASK

The vessel which is used to outer ..

Silver film
prevent heat transfer due to inner glasswall ~
conduction, convection and it
radiation is called thermos flask. It
consists of a-double - walled glass
vessel silvered on the inside.

The purpose of the slivering
is to reflect all radiant heat trying
to enter or leave the vessel. The et
space between the walls is highly Gasket
evacuated (vacuum is created) to | A thermos bottle minimizes energy transfer due
prevent convection. The glass, |to convection, conduction, and radiation.
being a poor conductor minimizes ' _
conduction of heat as well. The heat loss through the flask is so small that a hot
liquid placed in the flask will remain hot for a very long time. Acold thi ng placed in
the flask will remain cold for a long time because flow of heat from the outside will
also be very small. : - :

GREENHOUSE EF-‘ECT AND GLOBAL WARMING

The greenhouse effect is the process by which radiation from a planet's
atmosphere warms the planet's surface toa temperature above what it would
be without its atmosphere. The strength of the greenhouse effect - will depend
on the atmosphere's temperature and on the amount of greenhouse gases that the

atmosphere contains.

Earth receives energy from | gigre 9.8 m
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
reflected to space Dy the G
atmosphere and clouds and 19% is | |
absorbed by the atmosphere and S
clouds. Most of the remaining

rgy is absorbed at the surface §
Because the Earth's surface
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The atmosphere radiates energy both upwards and downwards; the part
radiated downwards is absorbed by the surface of Earth. This leads to a higher

IMPORTANCE OF GREENHOUSE EFFECT

_ Green house effect js Important for the survival of life on earth. On Earth,

greenhouse gases (water

1) causes aijr temperature
near the surface tg pe about 33 °C (59 “F) warmer than it would be in their

to human activities in the period from 1880 to 2012, the
temperature has increased by 0.85 ° .

- The largest human influence has been the emission of carbon dioxide from
facturie’_s and motor vehicles. Currently, about half of the carbon dioxide released

ion and the OCeans and
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The ‘greenhouse effect’ of the atmosphere is named by analogy to
greenhouses (@ structure with walls and roof made chiefly of transparent material,
such as glass) which become warmer in sunlight. However, a greenhouse is not
primarily warmed by the ‘greenhouse effect’, because ‘greenhouse effect’ works

while in ‘green house’ warming is produced mainly by reducing convection of air.
Similar effect is also observed in car parked in the hot sun with its windows closed,
there is some greenhouse effect but the warming is chiefly achieved through
reduction in convection. '

Heat transfer: The process, in which heat travels from one place to another
place because of difference of tem perature, is called transfer of heat.

Conduction of heat: The particle to particle mode of heat transfer by

collisions or indirect interactionis called conduction of heat.

Thermal conductivity: The thermal conductivity of a substance 15 a
measure of the ability to conduct heat energy.

Convection of heat: The transfer of heat from one place to another by the
actual motion of the heated substance is called caonvection of heat.

Convection currents: The currents set up in the process are known as
convection currents. o 18 | .
Radiation of heat: The heat and energy transfer from a hotter place to a

colder place with or without having a material medium in between is called
radiation of heat. -

Radiant energy: The energy emitted from a hotter i:l.-ace and carried
through radiationis called radiant energy.

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
present your findings in classroom. '

GROUP - B

OIL AND GHEE HEAT CONDUCTION: Investigate heat transfer in any cooking
process. Does cooking oil or ghee added during cooking increase the heat
transfer? Do we require materials that are good conductors of heat transfer
for cooking? Demonstrate your results in class in formof a presentation.
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[_ Chﬁose the best possible answer:
& &) Which of the following is the
|

AL aluminum o U

best heat conductor?

g€ materials are kept in a
temperature, Which will feel coldest by touching them?
A. Wood B. Glass

_ - C.lron B'.'S’t’;rofuam
&) T\fwnsfer of heat by convection issmallest in
L A. Sﬂﬂd‘s 2
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€ The mode of transfer of heat which does not require material medium is

called

E.%nvectjun B. conduction éﬁi-atim D. none .
@ Which of the following has the highest thermal conductivity '

A. water B. wood C. wool D. air

€) Thetemperatureat which a body is not radiating any heat is
A.0°C B.0°F (‘_'/OE’ D. all of these
) The electrons that are free to move th rough the metal called

A. lose electrons . free electrons

C. conduction electrons D. holes

S

CONCEPTUAL QUESTIONS

Give a brief response to the following questions. .

¢ Whywhite clothes are preferred wearingin summer? Explain briefly.

@ Why is the freezer compartment kept at the top of a refrigerator? Explain
briefly. | |

@ Ablack car standing in the sun warms up more quickly than any other. Why?

@ Why atile floor feels colder to bare feet than a carpeted floor?

9' How woolen sweaters keep Us warmer in winter?

o n certain places, birds can fly for hours without flapping their wings.
Explain.

© Good-quality thermos bottle 1s double-walled and evacuated between
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’scontents 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. o) _

{) 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 (and beside a cool body of water, a breeze begins

to blow from the water toward the land. Explain.
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COMPREHENSIVE QUESTIONS

Give an extended responsetot

€ Explain conduction of hea
Practical applications.

@ Explain thermal con

he following questions.
U and its mechanism. Describe any three of its

ductivity of a substance and its mathematical

@ Explain convection of heat and
practical applications.

4] Explain radiation of heat an
Practical applications.

Its mechanism, Explain any three of ijts

ieat per second does
‘tivity of woolisk = 0.04

20f 16 m* and thickness 0.3 m.
The temperatures inside and outside the

| . ouse are respectively 20 °C and 0
'C. Calculate the rate of heat loss thro 2h the wall. Thermal conductivity
of brickisk= 0.84 W m" K. [533w]

w Windt:f-w 8lass has thermal conductivi yof 0.8 Wm' K", Calculate the rate

- & Whichheat is conducted thr OUSN &2 window of area 2.0 m? and thickness

4.0 mm. The ‘emperature inside an air-conditioned raom is 20 °C. The
Outdoors temperature is 35°C -
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Answer

-
Y

vintical orhit therefore the

Al

CHAPTER - 1
. ﬂmﬂ wf ‘- - S T = ‘---'_I

598 x 10" kg Problems | PEANSS
6048 x 10° s y 1 al10ag, b.3.00Em,
514 x 10° kg 214 c. 194.6 Gm :

Al : 0.1 nm, 10° fm, 10
milligrams - il foiiaind
§ 710" m, 57x10" m, 57 ngsirom :
min (a) 299792458 x 10°m ls
4.80 x 10° mm 3 {b)-((;i_} ﬁf 9-;31:1‘13- §

A Vernier Caliper r i) 3.00x 10" ms .
200 cm', 2.0x107 m or 4 %1070 m, 9.6x10° W,
0.0002 m’ 4.3%10™" F. 2x10° m

'- 510 kg, 1.39 x10"m

Speed ﬂf snail. varies

WEST

418 m/s = 15048 km/h
which is high speed

longer runway is reguired
for landing due © smaller
deceleration
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CHAPTER -3

Assignment ANSWER |

3.1 3.83 m/s?, 1.46 mys?

3.2 150kg, * 1.5 * 10N, mass
does not change it js same
as 150 kg both an garth and
moon

33 3.49 kgm/s

3.4 6000 N, 45000 N

3.5 0.6 m/s

36 4.5 m/s

3. SN

3.8 92m/s” 21N

3.9 AT kp

3.10 H12kg

= .
Eﬂmﬁ'_ oY Answer
3.1 62.5 mis’, 2.5 m/s?
32 No, recoil of gun will be
: greater than speed of bullet
33 0 m/s*, 9800 N
Nmm! Bl Answer
1 3560 N or 3.55 x 10° N
2 1000 N
3 27 x 10°N, -15 x 10° N
5 and -2.6 x 10° N o
4 0.46, 0.40
5 28m/is’ 412N
6 B44d x 107N
7 3000 N
8 8000 N £ |

2 ]
3
4
5 .
i o 6 294,000 Nin, 176,000 Nm
4.2 40.8 kg, 61.2 ky I
CHAI’TER-ﬁ
Assignment Answer, Numerical Y
% e Problems | 5 Answer
_ 1 4.1x10"8N
5 73 x 107k -
- 32 mf";;q ﬁ;ﬂw 7 2 3.68 m/s” or 3.68 N/kg
. g 4 i
54 7.33 mis* | 022 y/s® i ' 21.25: lgﬁm
L 355 6590 mvs . 5 7.76 % 10° s
R
= ] 6 1.02 % 10 m/s
5 ﬂ’ﬂ]}'_CﬂﬂﬁI'DIEﬁﬂI‘l & PR
' required e )
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3600 kg/m'

' Hﬁﬁ P_a and 7500 Pa X

100 Pa or 100 N/m®

10.. m

10° Pa

17 x 10°N

3 lf:ghn3

.11 x 10° Pa

3%10° N/m

] —— - S _E_ . 3
..Il- . ‘-‘-Ill—i—u o
Bl e

Answer

(a) SN (b)SN
| (©)05kg (d)35% 10° m'
| and” () 5882 kg ni”

[ 150N/m 7

| lem

-93°C

53x10-5°C"

a 1K 13°F
b, -256 °F, 115 K

[0.522 cm’

g8 x 10" m

144 m, 216 m

| 262 Liter

1.228 o’

[23521ke K

1700 J/k

| 7.1% 10"

7.1x 107
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Abselute 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 2 freely falling body within
2 gravitational field close to the surface of
earth its value is 10ms=.

Artificial Satellite: Objects moving in fixed
Circular orbit around the earth.
Atmaspheric Pressyre: The pressure
exerted on a body by the atmosphere due
to the weight of the atmosphere. At the
surface of the earth atmospheric pressyre
s 100KPa / m2. : |
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
ohject 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 bedy along a
circular path, .

Co-Efficient of Volume Expansion: Change
in unit velume caysed by unit Kelvin
change in temperature.

Co-Efficient of Linear Expansion: Change
In unit length caused Dy 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 ane place to
another, |

Couple: When two equal and unlike
parallel forces act at different points of 3
body, then they constitute a couple.
Derived Quantity: Such quantity which
Is expressed with reference to base
quantities. ‘

Displacement: The shortest distance
between two points.

Dynamics: Study of motion of bodies
under action of force.

Efficiency: Ratio of output and input.
Effort Arm: The intermediate distance
between fulecrum and effort.

Effort moment: Product of effort and
effort arm.

Effort: Force applied on the machine.
Elastic Potential Energy: Energy of 2
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 js
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zero.

Force: The agent that changes or tends to
change the state of a body.

Eriction: The force of resistance against the
relative motion between two surfaces.
fulerum: The point around which lever
revolves.

Fossil Fuels: Fuels formed over millions of
year by the partial decay of the remains of
living things.

Gravitational Force: Mutuc force of
sttraction between the objects.
Gravitational Potential Energy: energy of a
hody due to its position In the gravitational
field.

Gravitational Fieid Strength: The
gravitational force exerted on 2 1 Kg mass
placed within any gravitational field.

Heat: The farm of energy, which is
transferred from one place to another
because of difference of temperature.
Horizontal Component: The component
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 in its
state.

insulators: Materials that prevent, or
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 3 body due to
motion. '

" 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 strong bar revolving around some

point. , _

Light Year: The unit of distance for celestial
bodies is equal to 9.46 x 10™ m.

Like Parallel Forces: Forces acting along
parallel lines in the same direction.

Limiting friction: The maximum value of
static friction.

Linear Motion: The motion of body along a
straight line.

Load Arm: The intermediate distance
between fulcrum 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 a force.

Mechanical Advantage: Ratio of load and
effort. . .

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 conditionof a -
body, in which its centre of gravity neither
rises not becomes lower of its original
position after distu rbance.

Newton: The unit of force. 1 Newton is the
force that gives a 1 Kg mass an acceleration
of 1ms™.

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.

Output: A work, which the machine does.
Physlics: That branch of science, which
explains the properties of matter and energy.
Power: Rate of doing work.

Proportionality Constant: Such a number,
which connects two guantities to convert
them in the form of an egquation.

Radiation: Transfer of heat by infra red
radiation requiring no medium for the
transmission.
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Random Motion: Motion without any
consideration of time and direction.
Rectangular Components: The components
of a vector which are mutually perpendicular
to each other.

Resolution of a Vector: Division of a vector
Into its components.

Resultant Vector: Such a vector, which
shows the combined effect of two or more
vectors.

Rolling Friction: The friction produced
during the mation of one body over the
other with the help of wheels.

Scalar Quantities: Only maghnitude is
necessary for their representation.
Scientific Methods: Logical applications

of arguments that explain a certain
phenomenon. -

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 more 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,

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 measy rement of
temperature.
Torque: The capacity of 2 force to revolve 3
body.
Trigonometric Ratios: The rations of the
sides of a right — angled triangle,
, Perpendicular
sin0=

Hypotenuse
Base
Hypotenuse
erpend
tanEl:P reendicular
Base

Uniform Acceleration: Equal change in

velocity in equal intervals of time.

Uniform Speed: Equal distances covered by a
body in equal intervals of time,

Uniform Velocity: Equal change in
displacement in equal interval of time.
Unlike Parallel Forces: Forces acting along
parallel forces but in Opposite directions.

cost=

'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 com ponent

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 farce.

Young's Modulus: Ratio of tensile stress to
tensile strain.
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Subject Page # ~ Subject _Page #
Acceleration 40  Electromagnetic spectrum 244
Archimedes's principle 184 Energy 150
Atmospheric pressure 176 Equilibrium 116
Average speed 36 Evaporation of liquids 224
Axis of rotation 112 Fahrenheit scale 203

i . First law of motion, |
hArl‘lﬁmal Satellite 141 Kewion's 62 |
Average acceleration 40 Fluid 173
Average velocity 38 Force 6l
Barometer 177 Friction 17
Base Quaniity 08 Fossil Fuels 160
Base units L 03 Global warming, 246
Bimetallic strip, 215 Coefficient of static friction 80
Buovyant force 185 Gravitational potential 155
| energy
Cartesian coordinate system 33 Graphical representation. | - 43 _ 43
of motion
Center-of gravity 109 Gravitation 129
Center of mass 108 | Gravitational field R
Centripetal acceleration, R9 Gravitational force 132 .
Centripetal force 20 Greenhouse effect 246
Circular motion 89 Heat 199
Coefficient of kineric friction 81 Heat capacity 216
CMEI:.Iml of linear thermal 207 Hooke’s Law 189
expansion
Consrant acceleration 41 Hydraulic Systems 180
Constant velocity .39 Inertia 63
Contact forces 100 Insulators of heat 233-236
Couple 115 Inverse-square law 132
Coefficient of volume 211-212 Isolated system 73
expansion .
Components of vector 105 Joule 149
Conservation of energy 156 Kinematics 29
| Conservation of momentum 74 Kinetic energy 151
Delta [symbol] 36 Kinetic friction 30
Density 173 Latent heat 219
Derived quantities 09 Length 08
Displacement 35 Light Ycar 26
“Distance 34 Line of action 112-113
Dynamics 60 Linear Motion 31
Elastic limit 192 Mass o133
Elastic modulus 189 Mechanics & 30
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M enilied e (e i agal [ Subject . [ Paged |
_Meter 08 Static [nction e |
Momentarm 112 Strain 190 |
Momentum 69 Stress 190
Newton ' ' 62 Temperature 198
) E;UT;;EREHE“HME Energy 159 Temperature scales 202
' Normal force 78 Tension 85
Orbital speed 142 - | _Thermal conduction 234
Pascal's Principle 179 Thermal conductivity 238
Physies 02 Thermal equilibrium 200
Plasma 173 Thermal expansion 205
Position 30 Thertomerers 200
| Power 164 Thermos bortle 246
Potential energy 154 Torgue 112
Prefixes, for powers of ten 12 Translational motion i 31
Pressure 174 L aiform Acceleration 4]
Rectangular components 105 |_Uniform speed 37
Refrigerators 226-242 _ Uniform velocity JPlne BiY
Resultant force Wie Unlike Parallel Forces 101
31 Unstable Equilibrium 121
32 Vector quantity 32
09 . "I Velocity - I\ 78
23 Watt : 164
(08 V.. Weight- 68
216  Work 149
35 | | Young's modulus 190 |
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SUGGESTION FOR TEACHERS

Dear teachers, this book mainly focus on friendly and joyful learning material. An effort is
made to make the bouk rich in tasks like assignments, projects, conceptual questions,
activities, tidbit, tips, interesting information and point of ponder..

Topics: An effort is made to make students think themselves as scientists. Students’
participation must be encouraged in the leaming process, allow them to discuss and give
them a choice to incorporate their interest. Involve students with tidbits, activities and points

Assignments: Each topic that covers some maﬂmncal work is assisted with -IEWt-:
example and followed by an assignment task for students to workout. Some examples are
even added with extension exercise for higher order thinking.

Projects: After each chapter you will find projects for group work by students. Divide your
class in 5 groups (A, B, C, D and E) and assign tasks to them, after three to four days arrange
a special class for the students to share their projects with the rest of the class.

Exercise: When the student groups arc assigned different projects in the being time try 10
cover exercise having Multiple Choice Questions (MCQs), Conceptual Questions (CQs),
Comprchensive Questions and Numerical Problems.

APPENDIX
U L SIC
_Quantity Value
Speed of light in vacuum 2,997 924 58 % 10° m/s
‘Acceleration due to earth’s gravity 980 m/s = 322M /s’
“Universal gravitational constant 6.674 x10" Nm*/kg’
Atmospheric pressure at sca level 1.013 x 10° Pa
Mass of Earth 5.98 x 10 Kg
Mass of Moon 7.35 x 10¥ Kg
Mass of Sun 199 x 10°Kg
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Is not equal to
Is less than or equal to

Is greater than or equal to

the initial temperature) : .
_BASIC MATHEMATICAL FORMULAS
Oriant s % R
Area of a circle mrl
Circumference of a cirgle 2rr
Surface area of a sphere 4mr?
Volume of a sphere 4 /3 r?
Pythagorean theorem R = k2 + k2
Sine of an angle sinf =h, /h
Cosine of an angle m,p = h-fh
Tangent of an angle tanf = k, /h,

be there to ANSWeT your questions, aid you in the use of

the experiment and guide you in '
Allwritf!upshnuldbcﬂnishﬂdinthﬂl

mstructor for sign. Remember the neamess

question about safety you should direct ir j
the physics lab are cxpected to exercise
laboratory equipment.
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Name Capital | Small | oo :
Letters | Letters Letters = Letters

Alpha A a Nu N . Vv
Beta B B Xi i &
| Gamma r ' Omicron O 0
Delta A 0 Pi n m
| Epsilon E £ Rho P =P
| Zeta L C :Sigma &7 . o
Eta H . n Tau 3 T
Theta © 8 insilnn ¥ U
lota l I' Phi .ﬂ'l‘ @
Kappa K K Chi X X
Lambda A | A Psi Wy W
Mu M u Omega Q w
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