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Chapter

Y

After completing thi 1apter, § ndents will be able to:
« Di etween physical and non-
physical quantities .

»  Explain with examples that physics is based
on physical quantities [Including that these
consist of a magnitude and a unit]

B Differentiate between base and derived
physical quantities and units.

»  Use the seven units of System International
(SI) along with their symbols and physical
quantities (standard definitions of Sl units
are not required)

*  Analyse and express numerical data using _ @@@_
scientific notation [in measurements @nd @o
calculations.] @

*  Analyse and exprkss g prefixes [interconverting the prefixes and

their symbo a\ wiltiple and submultiple for both base and derived units.]
O
*  Justi iHustrate the use of common lab instruments to measure length

[Including least count of instruments and how to measure a variety of lengths with
appropriate precision using Tapes, Rulers and Vernier Callipers and Micrometres
(including reading the scale on analogue and digital callipers and micrometres)]

*  Justify and illustrate the use of measuring cylinders to measure volume [Including
both measurement of volumes of liquids and determining the volume of a solid by
“displacement]

* Justify and illustrate how to measure time intervals using lab instruments [Including
clocks and digital timers.

*  Identify and explain the reason for common sources of human and systematic errors
in experiments.

*  Determine an average value for an empirical reading [In

ding S@tance and
for a short interval of time by measuring multiples gé@ of oscillation
of a pendulum)] The uncertaiptyGi %uﬁ and describe the need using
signiﬁcantﬁgures@“e .q&. g results of various measurements.
i
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«  Differentiate between precision and accuracy.

« Round off and justify measured estimates to make them reasonable. [Based.on
empirical datatoan appropriate number of significant figures]

«  Determine the least count of adata collectioninstrume analo mits scale.
Same;

We are living ¢ where we observe many natural
) phenomenw nd us such as Sun, stars, moon, oceans, plants,
winds,-rain eople have always been curious to know the reality of such
happenings. This has led certain people to investigate the facts and laws working
in this world. This field of observation and experimentation to understand about
the world around us is known as science. Everything in our lives is closely linked
to science and the discoveries made by the scientists. In order to obtain reliable

results from experiments, the primary thing is to make accurate measu rements.
Physical quantities and their measurements have always been the matter

" of interest for the scientists. They have been investigating to improve the
methods and instruments for accurate measurements of the ph ical quantities.

In this chapter, we will discuss physical qu a rements and
related contents. R\J\&X& @

O

| \\m

1 1 Phw;i__c al and Non-Physical Quantities

We describe various natural phenomenon, events and human behaviour
usmg some of their features and terms such as love, affection, fear, wisdom,
beauty, Iength volume, density, tlme temperature, etc. Some of these can be

measured directly and indirectly using some tools: and
. . sl s ‘52 Isa non-physical'
~ instruments such as length of an object using a ruler, time it
duration of an event using a clock, the temperature (the dimensions?

~ degree of hotness) of somebody using a thermometer.

Theyare called physical quantities. The foundation o hysn @fg upon physical
_ orinciple é@% e expressed.
‘Other quantitig uoted &k ‘ ich.2  affection, fear, wisdom, and

beauty cannot be \Ne : Ag tools and instruments. They often pertain to
the percWﬁerpmtatlon of the observer. They can be described or




qualitatively or compared using some pre-determine

d _criteri w ydices or
: @p@emtand

through survey techniques. Non—phys&sa €5 MQ
and to analyse human %eﬁviour Jatle) teractions.

Feature Physical Quantity = Non-Physical Quantity

1. Measurement ' Yes No

2. Instrument used

3. Numerical value and unit

4. Examples i 1 1.

Physics is a science of physical w eracty
different types of material objec ‘:‘ acts sed in terms of their
D b

measurable features al—quantities such as length, breadth,
ify, time, temperature, etc. Out of these, the

thickness, ma
ected arbitrarily some quantities to play a key role. They are

scientis
called base quantities. All the quantities which can be described in terms of one
or more base quantities are called derived physical quantities. For example,
speed is a derived quantity which depends on distance and time which are base
quantities whereas density of a material is described in terms of mass and
volume.

A measurement is a process of comparison of an unknown quantity with a
widely accepted standard quantity. |

The teacher should facilitate this activity and initiate discussion as per direction.

uld

One student should measure the length of a writing board with hishiand. Fre
be repeated by four or five students. Are all t 8 gafme?\ b they differ, then
why? What is the solution to avoid c%

Q




In the early days people used to measure length using hand or arm, foot
or steps. This measurement may result in confusion as the measurement of

different people may differ from \Jﬂ > 2ail)

M\J L™= R
each other because of differ 3@@ Lleges

—

sizes of their hands, a

To avoid such g sa
need o ndard so that
measurement by any person may

result the same. This standard of
measurement is known as a unit.

.......

A measurement consists of two
parts, a number and a unit. A
measurement without unit is
meaningless.

Not very far in the past, every
country in the world had its own
units of measurements. However, o
problems were faced when a

of different countri scientific information or traded with other
countrie AT units. Eventually, people got the idea of standardizing
the units of measurements which could be used by all countries for efficient
working and growth of mutual trade, business and share scientificinformation.

1.3 International System of Units |

The international committee on =88
~ weights and measures in 1961 recommended [ Physical
the use of a system consisted of seven base|No.| quantity
units known as international system of units,
abbreviated as SI. This system is in use all over
the world. :

1
2
; 3.
Use of SI measurements helps all “\ﬁe : >
scientists to share and compare thej /4(’\\\ ﬁ@?rﬁ@ vin
6
7

Al '_I‘able 1.2

S

Length metre m

Mass kilogram | kg

Time second S

- ek

observations and results K‘ - 5‘9 iCcurrent]  ampere A

base units are given ZANGLE . |intensity of light| ~ candela | cd
Amount of

are fixed wi o international
. mole mol
standardas) substance




Base units cannot be derived from one Table 1.3

another and neither can they be resolved into| sr. Physn::al A OUIRE
anything more basic. While the units of derived N&\qn&%’\ @@H\KKS
2
quantities such as speed, area,yolf “\d S\L ¥ | (e " square metre| m
. 3
pressure and electnc% an Pe o 20[ alme E ctbic mptre | T
using the ba units are called| 3. |  Speed metre pder ms”
secon
derived un | 4 Force newton N
The unlts which can be expressed in
_ ) i - Pressure pascal Pa
terms of base units are called derived units. :
6. |Electric charge| coulomb ¢
Forexample, Area = length x breadth ; ‘ :
= metre x metre L sy A AW (R R
= square metre
= metre? or m? | Quick Quiz_J

Speed = Distance/Time = metre/second =ms’’ (@) ‘:’”te th: ;‘“" of :harge in
v . i g erms o ase unit ampere

A few derived units with specific names and andsecond

symbols are given in Table 1.3.

2 g“’. RN R AL T- @m Some Other unItS

The Slisad ixes are used to write units by powers of 10.
The big q 0000000 m and small quantities like 0.00004 m are not
convenient to write down. The use of prefixes makes them simple. The quantity
50000000 m can be written as 5 x 10" m. Similarly, the quantity 0.00004 m can be
writtenas4x 10° m.

Prefixes are the words or symbols added before S| unit such as milli,
centi, kilo, mega, giga (Table1.4). The prefixes given in Table 1.4 should be
known for use of Sl units effectively. For example, one thousandth (1/1000) of
a metre is millimetre. The thickness of a thin wire can be expressed
conveniently in millimetres whereas along distance is expressed in kilometres
whichis 1000 metres.

Multiples and sub- multlples of mass mea n @&ﬁgn in Table 1.5
whereas multiples and sub- I given in Table 1.6. The

following examples m of preflxes.

K _ .

of pressure




; 50000 - S 5\"’@@@
(ii) 50000 c —— m ;= 50051 dolo
100 @Q B/ T a
30000 ﬁ“ femto f
(i) - 3000g Bico 5
W nano n
(iv) 2000us = 2000 x 10%s=2x 107 s TRCTO "
=2ms milli m
1.4 Scientific Notation e .
deci d
It is short way of representing very kilo k
large or very small numbers. Writing[ mega M
otherwise, the values of these quantities, take giga G
up much space They are difficult to read, their ne -
relative sizes are difficult to visualize and they
are awkward to use in calculations. Their| P& P
decimal places are more conveniently

Table 1.5

il

9 multiplied by whole niginbyer frowe “To ; 1 quintal
write numbers using scietil SO0, HOVE . L a3 U] ofaand
the decinﬁﬁ!mﬁmﬁﬁ only one non-zero :
digit remains on the left. Then count the
number of places through which the decimal
point is moved and use this number as the L2 e
power or exponents of 10. The average 1.cm enm
distance from the Sun to the Earth is 1 km 1000 m
138,000,000 km. In scientific notation, this T mm 102 m
distance would be written as 1.38 x 10® km. 1cm 107 m
The number of places, decimal moved to the 1 km 10°m
left is expressed as a positive exponent of 10.
Diameter of hydrogen atom is about 100 mis equal to:
0000,000,000,052 m. To write this number in (a) 1000 pm (b) 1000 ¢cm
scientific notation, the decimal point is moved (¢) 100,000q '

ANl

—V" is the ‘
unit that has a prefix.

is written as 5.2 x 10" m. Thexn
places moved by the dggi

expressed as a negati e%
M 10

11 places to the right. As a result, the dia@ter




For Your Information!

Solve the following: The negative ﬁﬁnents have
(@ 5.123x10°m +3.28x10°m W 00 it
(b) 257x10%mm — 343 x%@@@ '
. Q
Solution m Express the following into
5 scientific notation:
Ll f’ N (a) 000534 m (b)257432 kg
=5123x10"m + 328><10 m (© 045 m (d) 0.004 kg
= (5.123+32.8)10'm (e) 186000 s
= 37.923x10'm For Your Information!
- =37923x10°m Addition and subtraction of
numbers is only possible if they
(b) 257x10°mm—3.43 x 1 0°mm have the same exponents. If they do

= 2.57x102mm-0.343 x10* mm
= (2.57-0.343) 10°mm

= 2.227x10° mm
=2227x10°%x10°m

= 2.227x10°m

— .

Find the value @%@ e following

quantities; o

(a) 10°kg) (6 x 10°m)

(b) 6x10°m’

) 2x10%m?

Solution

(a) (4x10%kg) (6x10° m)=(4x6)x10**®kgm
=24x10°kgm
=24x10""kgm

(b) 6x10°m® _ 6 , 105 m*2

2x102m* 2
= 3x10°m

1.5 Length Measuring Instruments

Metre R S ‘\‘ ¥ (geners
measured usi % ﬂ le ry.
The s@m&n on a metre scale is T mm.

n

St

not have the same exponents, make
them equal by the displacement of
the position of the decimal point.

For Your Information!

Use of Sl upits-require special

C rigng prefixes.
\& is represented by a
symbol not by an abbreviation.
For example, for SI not S.I, for
second s not sec, for ampere A

notamp, forgram g notgm.

« Symbols do not take plural form.
Egr example, 10mN, 100N, 5 kg,
S.

« Full name of unit does not begin
with capital letter. For example,
metre, second, newton except
Celsius.

Symbols appear in lower case, m
for metre, s for second,
exceptionis only L forlitre.

« Symbols named after scientist's
name have initial letters capital.
For example, N for newton, K for
kelvin and Pa for pascal.

Prefix is written before and close
to S| unit. Examples. ms, mm,
mN, notm ,mN.

't@ en one space
P\ “Forexample, Nm, Ns.

Compound prefixes are not

y allowed. For example,

(i) 7 pps should be written as 7 ps.

(i) 5 x 10° cm should be written as
5x10%m.




The smallest measurement that can be taken with a
metre rule is T mm. One millimetre is known as least
count of the metre rule.

Least count is the smallest
can be taken accurately witt
To measu \N\N ‘a-
uch a way that its zero coincides
one edge of the object and then the reading in front
of the other edge is the length of the object. One

rule is placed

common source of error comes from the angle at
which an instrument is read. Metre ruler should
either be tipped on its edge or read when the

2 .
aeasurmg Tape: It can

measure 1 mm to several
metres. Its least count s
1 mm. Itis used to measure
longer distances.

1.5¢ecm 18cm 20cm
incorrect correct incorrect

“
ad b

2 Fig. 1.1

person's eye is directly above the ruler as shown in Fig. 1.1 at point B. If the metre
ruler is read from an angle, such as from point A or C, the object@% appear to be

of different length. This is known as par allax err@w@ @

g S

8nt used to measure small
lengths down to 1/10th of a millimetre. It can be used

to measure the thickness, diameter, width or depth
of an object. The two scales on it are:
(@) A main scale which has marking of Tmm each.
(b)  AVernier (sliding) scale of length 9 mm and it
is divided into 10 equal parts.
Least count of a Vernier Callipers is the

difference between one main scale division (M.S)and |

%@@@@Y@

one Vernier scale (V.S) division.
Hence, Leastcount=1M,

Fm m=0.1Tmm
Usually, the least count is found by dividing
the length of one small division on main scale by the

For Your Information!

Parallax error is due to
incorrect position of eye
when taking
measurements. It can be
avoided by keeping eye
perpendicular to the scale
reading.

Do You Know?

Some specific lengths in (m)
Football ground|9.1 x 10’

Man 1.8 x 10°
Thickness of 0 x 104

70x 103

Vernier Callipers was
invented by a French
Scientist Pierre Vernier
in1631. :



total number of divisions on the Vernier scale which is again 1 mm/10 = 0.1 mm.
The parts of the Vernier Callipers are shov{yp |ni|§£\%\ﬂ%\n@©

L

' -;I[l][]l[i]l|l|l|l|l|l[iiI|[|l|[!l!l[l[l|l|i§l[l|l|
_shmlnﬂlmllmlmIuulnuhmlnuluu[0 il e

Main scale

Vernier scale

Outside jaws | Fig. 1.2

There are two Jaws A and B to measure external dimension of an object
whereas jaws C and D are used to measure internal dimension of an object. A
or depth

scale is shownin Fig. 1.3.

3 Read the main scale marking just infront of  Main scale Foome ; gy
zero of the Vernier scale. It shows 4.3 cm. Fig. 1.3
2. Find the Vernier scale marking or division

which is in line with any of the main scale marking.
This shows: '
Length of object = Main scale reading + (Least
count x Vernier scale reading).
=43+001x4=434cm
3. Checking for zero error. Following are some
important points to keep in mind before checklng %@k
Zero error: P \ox

(@)  If onjoining the jaws A Y50 Ml scale
main scale and Vern ly c0|nC|de (b) Vernier scale
with each ot is an error in the Fig. 1.4

Il’lStrle I'Cl error.

"Main scale




(b)  If the zero of the Vernier scale is onthe m@h@@o of the main
lightly

scale (Fig. 1.4-a) then this instru more than the actual
d from the observed measurement.

length. Hence, these ze
To fin o) r note the Laboratory Safety Rules :
number O@Mn of the Vernier * Handle all apparatus and chemicals

pAR : carefully and correctly. Alwayssheck the
scale which is exactly in front of any label on the container before usmg the
division of the main scale. Multiply this = substanceitcontains. |

number with the least count. The * Do not taste any chemical unless

resultant number is the zero error of this  Otherwiseinstructed by the teacher.
« Do not eat, drink or play ln the

instrument. The observed reading is ' laboratory.
corrected by subtracting the zero error « Do not tamperwnth the electm:al mains
fromit. ~and other fittings in the laboratory.

] ¢ Never work with electnaty near water.
(c) If the zero of the Vernier scaleison ' Don't place fammable substance near

the left side of the zero of the main scale = naked flames.
(Fig. 1.4b), then instrument will show = Wash your ha dséﬁ) boratory
hé te.a.ucﬁ-er. should facilitate to perform this

slightly less than the actual length.

Is the number of dixisi ing with activity by making groups. Each group
: P should place ten coins one above the other.

bl gl dedgatind ! ther'l 3 Is Record their total height using a metre rule.

subtracted from 10 and the result is then piyvide by 10.

multiplied with the least count. Whatisthe thickness of one coin?

Therefore, the zero error in this case will Now find the thickness of one coin using
Vernier Callipers.

the observed reading. Each group should comment on the
1 measurement using the two instruments.

observed measuremen

It is used to measure very small lengths such as diameter of a wire or
thickness of a metal sheet. It has two scales:
(@)  Themainscale on the sleeve which has markings of 0.5 mm each.
(b) The circular scale on the thimble which has 50 divisions. Some
instruments may have main scale marking of 1 ions on

the thimble.

When the thimble makes E@ﬁé@ splndle moves 0.5 mm
(1scaledivision) on the pitch of the screw gauge. Thus,
its least count is:

he screw gauge _0.5mm

N’o. of dIVISIOI’lS on the circular scale =~ 50
The parts of the screw gauge are shown in Fig. 1.5.

14

Least = 0.01 mm




The object that is to be measured is placed Limitations of measuring
between the anvil and the spindle. Instriamients

anvil - spindle sleeve T
Measuring Tem
Tape to 1T mm
P several metres
1 mm
Metre rule to 1 mm
Tm
Vernier 0.1tmm 01
Callipers 152"‘ ks
The ratchet prevents over tightening by _ R
making a click sound when the micrometer is Micrometer "o 0.01 mm
readytoberead. _, Screwgauge|  55em
| Fig. 1.5

If the zero of the circular scale coincides with horizontal
line, there is no zero error (Fig. 1.6-a).

If it is not exactly in front of the horizontal line of the
main scale on joining the anvil and spindle then there is
errorin the screw gauge (Fig. 1.6- b) lf Zerp o el
is below the horizontal Ime th u

- ero error will be

than the actual th
asurement

subtracted from
%he circular scale is above the horizontal
line (Fig. 1.6-c), then it will show slightly less than the actual

thickness and hence, the zero error will be added to the | © Fig 1 >
observed measurement.

Suppose when a steel sheet is placed

in between the anvil and spindle, the
s : ‘ LN 0 5 30
position of circular scale is shown in Fig.1.7. g
(a) Read the marking on the sleeve just 20
before the thimble. It shows 6.5mm. | —
(b) Read the circular scale marking Fig. 1.7

which is in line with the main scale. This show a;)ﬁ;
Thickness = main scale reading + (cl@ul ..

-65mm+ x 0.

-65mm




" The teacher should facilitate the actiity b
ask them to find the thiaiyless of TOD\Sheats

e rﬁ\m

Foa \o\ mrormation!

The most precise balance is
Ng the digital electronic
balance. It can measure
mass of the order of 0.1mg

The teachershould help each group to make a paper scale having least count0.2 cmand 0.5 cm.

1.6 Mass Measuring Instruments

There are many kinds of balances used
for measuring mass of an object. In our daily
life, we use the term weight instead of mass. In
Physics, they have different meanings. Mass is
the measure of quantity of matter in a body
whereas the weight is the force by which the

(Fig. 1.8). The mas

compaw wn standard masses.
This proeess is called weighing. In laboratories,
we use physical balance shown in Fig. 1.9

which is based on the principle of levers. The
process of measurementis given below:

1

- o

body is attracted towards thefarth. Wai |
can be measured~¥3i
C@ i5 found by
&

Level base of the balance using levelling
screws until the plumb line is exactly above
the pointed mark.

Fig. 1.9

Turn the knob so that the pans of t' @ balance are raised up. Is the beam
horizontal and pointer at the centre of the scale? If not, turn the balancing
screws on the beam so that it becomes horizontal..
Place the object to be weighed on the left pan.

Place the known weight from the weight boxin the ri

Adjust the weight so that pointer rg “\7{3

both sides of the zero of th
The total of stan%%@ is a measure of the mass of the object

16



1.7 Time Measuring Instruments

The duration of time of an event is meas @ i
by a stopwatch as shown in Fig.1.1@ | Qﬁﬁ@%ﬂ ig. 1.10 Mechanical Stopwatch
needles, one for seco s. The
dial is divided usually.i g dvisions each being w
further divi $0" small divisions. Each small L—
division represents one tenth (1/10) of a second. Thus, %’
one tenth of a second is the least count of this Fig. 1.11 Digital Stopwatch
stopwatch. While using, a knob present on the top of the device is pressed. This
results in the starting of the watch. The same knob is again pushed to stop it. After
noting the reading, the same knob is again pressed to bring back the needles to

the zero position. Now-a-days, electronic/digital watches (Fig. 1.11) are also
available which can measure one hundredth part of a second.

ol D B e T L R U L R e T
Y iy 'u"?"'.'-';-':,"-_', ‘f 1 f 2aNUC _.—-_..
e

The teacher should arrange the required articles and help students to make a |
model of a sandclock as shown in the figure. Using two glass funnels, adhe 'mh
tape, two lids, and dry sand. Observe how much time it take Kesa

Aste on the glass

Sandqlock

1.8 Volume Measuring instruments

i

It is a cylinder made of glass or transparent plastic -
with a scale divided in cubic centimetres (cm’ or cc) or
millilitres (mL) marked on it. It is used to find the volume
ofliquids and non-dissolvable solids.

The level of liquids in the cylinder is marked to find
the volume. In order to read the volume correctly, the
“ylinder must be placed on a horizontal surface and the
=ye shall be kept in level with meniscus of water surface
s shown in Fig. 1.12. The meniscus is the top level of the | g \

quid surface. Water in the cylinder curves downward and Fig. 1.12
s surface is called concave surface. The reading is ta Weias cylinder

-orresponding to the bottom edge qf thie st cry in the cylinder

curves upward. Its surface is co
e top edge. The cylin@@%

oy v; B raat s taken corresponding to
ped-tofind the volume of solids.

17

Q



y 1.6

The teacher should facilitate the groups to perform this a

Caution: While taking a

following the given instructions.
1. Takealiquid in which the given s@d

does not dissolve. ( 0 ‘
2. Note the initial) w t §1;@§

surface. :
3 i;} e cylinder| E=Z=

ctivity readingrkeep your eye in
"C‘IX fC @Ql in line with the

'f' Yower meniscus of the

‘water.

Do You Know?
‘Ancient Chinese used to

‘estimate the volume of

. Put E=
iquid. e
4. e again the position of liquid

surface in the cylinder which rises due to solid.

Thedi sisthe volume of the solid.
CEITY R I ‘Q‘: '}':.,
If es not fit into the measuring

or displacement can of wide opening is used as

grains by sounding their
‘containing vessels.

shown in Fig. 1.13. Place the

displacement can on the horizontal table. Pour water in it until it starts
overflowing through its opening. Now tie a piece of thread to the solid body and

Side
C = - ~\.o0pening

s [_J

(a) @yak r

erflow can

_ Fig. 14&9@3& ko or O
») B

lower it gently j isplacement can. The
body disg| at ich overflows through the
side ning. The water or liquid is collected in a

beaker and its volume is measured by the
measuring cylinder. This is equal to the volume of
solid body.
The teacher should facilitate the groups to take a
metallic ball or a pendulum bob. Measure its diameter
and then volume by placing it in between two wooden

blocks alongside a ruler. Then use measuring cylinder y
and comment on the result of this two onset activities. —

1.9 Errors in Measurements

Measurements using tools and instrum

their true values. The best we

L) 21 1DLI &

18

en
never perfect. They inherit som 1 \I

ible. A scientific i, the written text.

Do You Know?

Despite the use of S| in most
countries, the old measure is
still in use, such as printers type
is measured in point. One point
is 1/72 of an inch equivalent to
0.35mm. R s

of the language used




measurement should indicate the estimated error in the measured values.
Usually, there are three types of experimental errors affecting the

‘measurements. a @
(i) Random Errors

() HumanErrors (i) SysternaticE J

Tth O personal performance. The limitation of the human
perceptio h as the inability to perfectly estimate the position of the pointer
on a scale. Personal errors can also arise due to faulty procedure to read the scale.
The correct measurement needs to line up your eye right in front of the level. In
timing experiments, the reaction time of an individual to start or stop clock also
affects the measured value. Human error can be reduced by ensuring proper
training, techniques and procedure to handle the instruments and avoiding
environmental distraction or disturbance for proper focusing. The best way is to
use automated or digital instruments to reduce the impact of human errors.

S o e
2 R

3 SRR

They refer to an effect that influences all meas %@ of particular
measurements equally. It produces a ¢ ence diff m reading. It occurs
due to some definite rule. It nz zero error of instrument, poor
calibration of instrument e eqtimarking. The eff ct of this kind of error can
be reduced by co ‘A‘ € Instrument with another which is known to be
s\THUE; &' correction factor can be applied.

RS

It is said to occur when repeated | Quick Quiz }

meas n i i ' . .
unec?e::lrfl:?e estsmOf 2 ?]lé?t?:;y gllre. dl:;ffre?t Vall::s Identify Personal, Systematic
ame _condi > s € 10 some and Random errors:

unknown causes which are unpredictable. 1. Youreye level may move
The experimenter have a little or no control a bit while reading the
over it. Random error arise due to sudden meniscus.
fluctuation or variation in the environmental 2. Air current may cause
conditions. For example, changes in temperature, the balance to fluctuate.
pressure, humidity, voltage, etc. The effect of e may not be
random errors can be reduced using seve erly calibrated.
multiple readings and then taki gir averag 4. Some of the liquid may
mean value. Similarly, fo e period have evaporated while it
of oscillating pe time of several 's being measured.
oscillationwﬁﬁ@% lations is noted and then
mean or rage value of one oscillation is

determined.




@ver a physical
Oome uncertainty about

There is no such thing as a perf

quantity is measured except co

its determined value d
This uncertainty may
of reasons. plis'the type of instrument
being u , know that every Measuring | instryments have a digital scale.
instrument is calibrated to a certain smallest | . usually estimate one digit
division and this fact puts a limit to the degree beyond what is certain. With
of accuracy which can be achieved while digital scale, this is reflected in
measuring with it. Suppose that we want to fluctuation of the last digit.
measure the length of a straight line with the
help of a metre rule calibrated in millimetres. Let the end point of the line lies
.between 10.3 cm and 10.4 cm marks. By convention, if the end of the line does
not touch or cross the midpoint of the smallest division, the reading is confined
to the previous division. In case the end of the line seems to be touching or have
crossed the midpoint, the reading is extended to the next division. Thus, in this

example, the maximum uncertainty is + 0.05 cm. It is, infact, equivsgent to an

Uncertainty in Digital
Instruments
Some modern measuring

uncertainty of 0.1 cm equal to the least count of the instrument.di into two

parts, half above and half below the recor
@

()

ded readi S
“u"%} gter of a wire and short
By tak ng multiple readings and then

The uncertainty in small dené
interval of time can be, \_&&
finding average value pie;"the average time of one oscillation of a
simple pendulum und by measuring the time for thirty oscillations.

T ainty or accuracy in the value of a measured quantity can be
indicated conveniently by using significant figures.

1.11 Significant Figures

We can count the number of candies in a jar and know it exactly by
counting but we cannot measure the height of the jar exactly. All measurements
include uncertainties depending upon the refinement of the instrument which is
used for measurement.

It is important to reflect the degree of uncertainty in a measurement by
recording the observation in significant figures.

The significant figures or digits are the digits of a
measurement which are reliably known.

Figure 1.14 shows a rod whose length is
measured with a ruler. The measurement shows the

length in between 4.6 cm and 4.7.¢m. Sj

of the rod is slightly meye t \6ct ‘ . an 4.7 cm, so the first student
estimates it to be 4.6 cr% ﬁ\ econd student takes it as 4.7 cm. The first
O

student W ge is nearer to 6 mm mark whereas the
20




second student considers the edge of the rod nearer to 7 mm mark. It is difficult
to decide what is the true length. | W
Both students agree on digit# ‘@, petitive processes
but the next digit is doubtful wh @ ing in nature which could serve as
ﬁ reasonable time standard.

been determined

and has a pr ror. Therefore, it is known as a doubtful digit. In any
measur , “the accurately known digits and the first doubtful digit are
known-as significant figures.

The following points are to be kept in mind while determining the number
of significant figures in any data. All digits from 1to 9 are significant. However,
zeros may or may not be significant. In case of zeros, the following rules apply:

(a) A zero between two digits is considered significant. For example in 5.06m, the
number of significant figures is 3.

(b) Zeros on the left side of the measured value are not significant. For example,
in 0.0034 m, the number of significant figures is 2. |

(c) Zeros on the right side of a decimal are considered significant. For example, in

2.40 mm the significant digits are 3. @

(d) If numbers are recorded in scientific notati @5@@1 igits before the
@@3 0°m, the significant figures

are 3. m@

@Wg igures are there in each of the following?

exponent are significant.
10°m (b)12.5 cm (©0.125 m (d) 0.000125 km

1.12 Precision and Accuracy

A physical measurements should be precise as well as accurate. These are
two separate concepts and need clear distinction. Generally, precision of a
measurement refers to how close together a group of measurements actual ly are
to each other. Accuracy of a measurement refers how close the measured value is
to some accepted or true value.

@ < kL

(b)

i i \& s i
Precise not accurate KB Accurate not precise Accurate and precise
O

- Fig. 1.15

A cMration is helpful to distinguish the two concepts. Considera
target or bullseye hit by arrows in Fig. 1.15. To be precise, arrows must hit near
each other (Fig.1.15-a) andto be accurate, arrows must hit near the bullseye
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(Fig. 1.15-b). Consistently hitting near the centre of bullseye indicates both
precision and accuracy (Fig. 1.15-c). When these applred to
measurements, the precision is deter ed |ng used for
measurement. The smaller the I recise is the measurement.
A measurement is a ects the size of the object being

measured. Accurac ractlonal uncertainty in the measurement.
_ Infact, it is rement which is important. The smaller the size of

physical g the more precise instrument is needed to be used. The

accuracy of measurement is reflected by the number of significant figures, the
Iarger is the number of significant figures, the higheris the accuracy.

_ Table 1.7 Some Tlmlng Devices

Type of clock/watch Use and accuracy

Atomic clock Measures very short time intervals of about 10™ seconds.
Digital stopwatch Measures short time intervals (in minutes and seconds)
to an accuracy to +0.01 s.

Analogue stopwatch | Measures short time intervals (in minutes and seconds)
toanaccuracy to +0.1s. @@m

Ticker-tape timer Measures (sshg‘t\ﬂrpg”‘t\%\%fa@éﬁ 02 s.
Watch/Clock o‘\ggm@rﬁétﬁteﬁéls in hours, minutes and

Pendulurww o\ ‘Measures longer time intervals in hours, minutes and

seconds.
Radioactive decay clock | Measures (in years) the age of remains from thousands
of years ago.

1.13 Rounding off the Digits

When rounding off numbers to a certain number of significant figures, do
so to the nearest value. If the last digit is more than 5, the retained digit is
increased by one and if it is less than 5, it is retained as such.

For example:

() Round to 2 significant figures: 2.512 x 10° m

(]
L]
-
.

Answer. 3.46 x 10*kg

For the integer 5,

If the number bef; , one is added to the last digit retained.
If the numb e the 5 is even, it remains the same:

S@@g@ 10°m
(i) Round to 3 significant fi gurgs o
*rule




For example:
(i) Round to 2 significant f{g b, @
(ii) Round to Z@ﬁ ﬂi&‘
‘ Answer: 4.4 x 10° m
Answer: 4.6 x 10°m
Sometimes, logic is applied to decide the fate

of a digit. f we round to 2 significant figures

"“An Electronic timer

4452 x 10° m, the answer should be 4.5 x 10°msince |  can measure time
4452 x 10° m is more closer to 4.5 x 10° m than | 'Qﬁiﬁiﬁ'?ﬁgﬁs%ﬁf
44 x10°m. (1/10,000) of a second.

KEY POINTS

« Aphysical quantity can be measured directly or indirectly using some instruments.

- Non-physical quantity is not measurable using an instrument. It qualitatively depends
on the perception of the observer and estimated only.

« Base quantities are length, mass, time, temperature, electric current, etc.

AN

nderstood by all the

« Derived quantities are all those quantities which can be defi

base quantities. For example, speed, area, volu
» Standard unit does not vary fr% @m .

scientists.

+ Base units of s are: metre, kilogram, second, ampere, candela,

kelvi
« The
« Scientific notation is an internationally accepted way of writing numbers in which

numbers are recorded using the powers of ten or prefixes and there is only one
non-zero digit before the decimal.

which can be expressed in terms of base units are called derived units.

» Leastcountisthe least measurement recorded by an instrument.
- Vernier Callipers is an instrument which can measure length correct up to 0.1 mm.
- Screw guage is an instrument which can measure length correct up to 0.01 mm.

« Measurements using instruments are not perfect. There are inevitable errors in the
measured values, may be due to human errors, systematic errors and random errors.

« Measurements using instruments errors are uncertain to some extent depending
upon the limitations or refinement of the instrument.

« Significant figures are the accurately known digits and first doubtful dlgl any
measurement.
« The precision is detemined by the 1nst ent whereas
the accuracy depends on relatlve enu mber of significant
O

figures.
R
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1.1.

1.2.

1.3.

1.4.

1.5

1.6.

1.7.

1.8.

1.9

1.10.

1.11.

0]
Tick (v') the ¢ rrect SWE u
The instru t Suttable for measuring the thickness of a few
sheets -

(b) measuring tape
ernier Calhpers (d) micrometer screw gauge

One femtometre is equal to:
(@) 10°m , ()10 m
(©)10°m (d) 10" m
Alightyearis a unit of:
(a) light (b) time
(c) distance (d) speed
Which one is a non-physical quantity?
(a) distance (b) density
(c) colour (d) temperature
When using a measuring cylinder, one precaution to take is to:
(a) check for the zero error @@
(b) look at the meniscus from be owth eve| pfthe. urface
(c) take several readings bydooki m yre'trian one direction

(d) position theeye inliné Withthe
Volume of w %% neetby you per day is estimated in:
(@) mill (b) litre
W (d) cubic metre
isplacement can is used to measure:
(a) mass of a liquid (b) mass of a solid
(c) volume of a liquid (d) volume of a solid
Two rods with lengths 12.321 cm and 10.3 cm are placed side by side, the
difference in their lengths is:
(@202cm (b)2.0cm (€)2cm (d)2.021cm
Four students measure the diameter of a cylinder with Vernier Callipers.
Which of the following readings is correct?
(@)3.4cm (b)3.475cm (€)347cm (d)3.5cm
Which of the following measures are likely to represent the thickness of a

sheet of this book?

@6x10% m (b)1x10* @gi}

(©1.2x 10" m (d)4 @ O

Ina Vernier Callipers tep smalles &‘. ernier scale are equal to
nine smallest, f‘gﬁﬁ&@ in“scale. If the smallest division of the

main scalej e, the Vernier constant is equal to:
W (b)0.1 mm
(d)0.001 mm




B Short Answer Questions

1.1. Cananon-physical quantity be measured? If yes, then h

1.2. Whatis measurement? Name its two
1.3. Whydoweneedastd i @@ o
1.4. Writethengmecg : Q- i d 3 derived quantltles

1.5. WhichSl to express the height of your desk?
1.6. ame and symbols of all Sl base units.
o 8 y prefix.is used? Name three sub-multiples and three multiple
prefixes with their symbols.
1.8. Whatis meant by:
(@ 5pm
(b) 15ns
() 6 pm

(d) 5 fS Main scale
1.9. (a) For what purpose, a Vernier Callipersis | ¢ 1 2 3

used? T nnlunlmlluln il

LI LA
(b) Name its two main parts. o

(c) How is least count found? e AR AL Vernier scale

(d) What is meant by zero err @ SIS
4 59am 'Acm 6.1 cm
1.10. State least count @@ A
readlng 393 hence
find t /
1.1 alng out of A, B and C shows the T T

correct length and why? |

C Constructed Response Questions

1.1. Inwhatunit will you express each of the following?
(a) Thickness of a five-rupee coin:
(b) Length of a book:
(c) Length of football field:
(d) The distance between two cities:
(e) Mass of five-rupee coin:
(f) Mass of your school bag:

(g) Duration of your class period: @@@
(h) Volume of petrol fllled@ W@

(i) Time to 8%%




1.2,

1.3.

1.4.

1.5,

1.6.
3y 2
1.8.

1.9.
1.10.

Why might a standard system of measu rement be helpful to a tailer?
Q)
e

89
70

0

circular scale. Wheh ‘thi

measuremen scale. What is the least
couwﬁment? The reading for thickness of a steel rod as shown
inthe-figure. What is the thickness of the rod?

You are provided a metre scale and a bundle of pencils; how can the
diameter of a pencil be measured using the metre scale with the same
precision as that of Vernier Callipers? Describe briefly.

The end of a metre scale is worn out. Where will you place a pencil to find
the length?

Why is it better to place the object close to the metre scale?
Why a standard unitis needed to measure a quantity correctly?

Suggest some natural phenomena that could serve a@@‘éﬁ@nably
accurate time standard. mO

@
Itis difficult to locate the me el“Why?

Which instrumentO

easure:
atesttube (ii) depth of a beaker?

D Comprehensive Questions

1.1.

1.2.

1.3.

1.4.

1.5.

What is meant by base and derived quantities? Give the names and
symbols of Sl base units.

Give three examples of derived unit in SI. How are they derived from base
units? Describe briefly.

State the similarities and differences between Vernier Callipers and
micrometer screw gauge.

Identity and explain the reasons for human errors, random errors and
Ssystematicerrors in experiments.

Differentiate between precision and accurac @as@@ugnt with
examples. Q @@@
o
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E Numerical Problems

1.1

1.2

1.3

1.4

1.5

1.6

14

1.8

1.9

your answers usmg Sl pref ks 604.8 ks, 2.592 Ms)
State the answe entific notation.
[864>< 10*s, 6.048 x 10° s, 2.592 x 10° 5]
Mowmg addition or subtraction. State your answers in
scsentlflc notation.
(@) 4x10* kg+3x107° kg (b) 54x10® m-3.2x10° m
[(@ 43x10* kg (b) —266x 10° m]

Solve the following multiplication- or division. State your answers in
scientific notation.

@) (5x10* m)x(3x102% m) (b)

Calculate the number of seconds @ &@‘n;h and state

6 x 10° kg
3x10* m?

@ 1.5x10°m? (b)2.0x 10*kg m™

Calculate the following and state your answer in scientific n m
(3 x 102 kg) x (4.0 km) @@

5 x 102 2 “@ @W
m (24><103kgms)
StaW& nificant digits in each measurement.
m (b)2047m (c)340m  (d)3.420x10°m

(@2 ()4 (03 (d)4]

Write in scientific notation:

(@) 0.0035m (b) 206.4 x 10°m ;
[(@) 3.5 x 10° m, (b) 2.064 x 10* m)]

Write using correct prefixes:

(@)5.0x10*cm (b)580x10% g (c)45x10™s [(0.5 km, 58 kg, 4.5 ms)]

Light year is a unit of distance used in Astronomy. It is the distance
covered by light in one year. Taking the speed of light as 3.0 x 108 m s™,

calculate the distance.
@@gg@ 10" m)

1. 10 Express the den5|ty of mer @@
(1 36 x 10" kg m?)
& eI



