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Students’ Learning Outcomes

chapter, students will be able to: \

After completing this ¢ ‘ | '
flerentiate between physical and non-physical quantities

[SLO: P-09-A-01] D dne _

[SLO: P-09-A-02] Explain with examples that physics is based on physical quantities (Inclug

these consist of a magnitude and a unit) _ ‘ 2 &

[SLO: P-09-A-03) Differentiate between base and derived phf\ sical quantities and units.

[SLO: P-09-A-04] Use the seven units of System International (SI) along with thejr Symbol,
) &

vsical quantities (standard definitions of SI units are ot required)
ISLO: P-09-A-035] Analyse and express numerical data using scientific notation [in Measuremeng,
&g

calculations.
[SLO: P-G‘)-lA-Oél Analyse and express numerical data using prefixes [interconverting the prefi 1
their symbols to indicate multiple and submultiple for both base and derived units.] \eS g
|SLO: P-09-A-07] Justify and illustrate the use of common lab instruments to measure |
(Including least count of instruments and how to measure a variety of lengths with aPProen_g_\:
precision using Tapes, Rulers and Vernier Callipers and Micrometres (including reading the scq) n
analogue and digital callipers and micrometres)] L e on
[SLO: P-09-A-08] Justify and illustrate the use of measuring cylinders to measure volume [Inc|yg;
both measurement of volumes of liquids and determining the volume of a solid by displacement) ing
[SLO: P-09-A-09] Justify and illustrate how to measure time intervals using lab instruments [Including

clocks and digital timers.
[SLO: P-09-A-10] Identify and explain the reason for common sources of human and systematic errory

in experiments.
[SLO: P-09-A-11] Determine an average value for an empirical reading [Including small distance ang

for a short interval of time by measuring multiples (including the period of oscillation of a pendulum)]
The uncertainty in measurements and describe the need using significant figures for recording and

stating results of various measurements. .
[SLO: P-09-A-12] Differentiate between precision and accuracy.
[SLO: P-09-A-13] Round off and justify measured estimates to make them reasonable. [Based on

empirical data to an appropriate number of significant figures]
[SLO: P-09-A-14] Determine the least count of a data collection instrument (analogue) from its scale.

IfD PHYSICAL AND NON-PHYSICAL QUANTITIES

What are physical and non-physical quantities? Describe their characteristics.

Q-1.
Ans.
'

All measurable quantities are called physical quantities such as length, speed, mass, time and

temperature.
The foundation of physics rests upon physical quantities through which the laws and principles of physics
are expressed.
Characteristics of Physical Quantities:
A physical quantity possesses at least two characteristics in common.
(1) Numerical magnitude
(i1) Unit to measure physical quantity
For Example: If height of a student is 104 cm then 104 is its numerical magnitude and centimetre is the
unit of measurement.
Non-Physical Quantities:
" Those quantities which cannot be measured are called non-physical quantities such. as love,
affection, fear, wisdom, and beauty cannot be measured so they are non-physical quantities. )
These quantities can be described qualitatively or compared using some pre-determined criteria, indices
or thrqugh survey techniques. Non-physical quantities mostly help to understand and to analyse human

behaviour, emotions and social interactions.
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) BASE AND DERIVED PHYSICAL QUANTITIES

Q.2 _What is the difference between base quantities and derived quantitics?

Ans. s
Base Quantities:
Base quantities are the quantities on the basis of which other quantities

OR

So qunnliti.c~s which can be expressed independently without the reference of any other quantity
are called base quantities.

There are scven base quantitics. These are length, mass, time, electric current, ttpeture
intensity of light and amount of substance. ,
Derived Quantities:

(Al 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.

Q.3 What is meant by measurement and unit? Why do we need a standard unit for measurements?
Ans.
Measurement of a Physical Quantity

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

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

Unit:

are expressed.

L
~ To measure a physical quantity, we need to compare it with some standard quantity. This
standard quantity is called unit. :
Why do we need a standard unit for measurements?

_ 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 each other
because of different sizes of their hands, anfis or steps. To avoid such gonfusion, there is a need of a
standard so that measurement by any person may result the same. This standard of measurement is known
as a unit.

Q.4 With the help of an activity prove that for proper measurements a standard unit is required.
Ans.  Activity: ‘ _
One student should measure the length of a writing board with his hand. The same should be
repeated by four or five students. Are all the measurements same? If they differ, then why?
What is the solution to avoid confusion?
Solution: _
The measurement of different students may differ from each other because of different
sizes of their hands. To avoid such confusion, there is a need of a standard so that measurement
by any person may result the same. This standard of measurement is known as a unit.

1)) INTERNATIONAL SYSTEM OF UNITS

Q.5 What do you know about International System of Units? Why was it developed?

Ans.
Not very far in the past, every country in the world had its own units of measurements. However,

problems were faced when people of different countries exchanged scientific information or traded with
other countries using different 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 scientific information.
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nlcrna?l"?“xu System of Units: a
1¢ 1nle i : ; :
Saiated of ao 'rnanonnl cpmmnmc on weights and measures in 1’961 fCCOH?'“C:;dcd ‘lhc use of ,
' seven base units known as international system of units: abbreviated as SL This gy,
"y |

use all over the world.
e
. . . : ', | '
Q.6 What is the difference between base units and derived units: How derived units gp, de
. « - [ H '
from base units? Explain with the help tﬂ_l‘_‘_'_'_'].l.’_'.-cl——f \"

Ans. Base Units:

['he units of base quantities are called base units.

the table.

Seven base quantities with their units arc siven in —
uantity
m
Length I metre > 317
Mass m kllogram 44 e
Time t second ‘ ; P
Electric Current I am;:jerle _ = —
Intensity of Light L cande’2 = il
Temperature T kelvin . ]
Amount of Substance n mole ]
ts which can be expressed in termg,

Derived Units: ; ‘ '
Units of derived quantities are called derived units. The uni
base units are called derived units. Derived units aré obtained by mu

units with each other.
For.Example:

[tiplying OF dividing one or more by,

1 1 m s
(a) Speed i dls.tance 3 meter _ M _ .-
' time second S
length x breadth x height

(b) Volume =
cubic meter = m’

— meter x meter x meter =

() -Force =massXx acceleration
. :
displacement

veloci ; :

Y — mass x . time
time

meter

(second)’

= mass X -
~time

_ displacement

=mass X ————5 kilog ramx
(time) '

= kgx-r;nz— ‘—‘kgnls_2 =N

Some derived units and their symbols are given in the following table.
Unit

Speed . \ metre per second ms_
i\\lcccleratlon a ‘metre per second per second ms ™
: olume Vv cubic metre ' m
tao : T Nor (kg ms
Density hesca . Pa or im_z))
o 0 kilogram per cubic metre kgm™
.~ g coulomb Cor (A
S squ-are metre 2 (29)

ngle 0 radian - q

ra




What are prefixes? Give examples.

Q.7

ADS.

Prefixes:
The terms used internationally for the multiples and sub-multiples of various units are called

prefixes. Prefixes are the words or symbols addéd before SI unit such as milli, centi, kilo, mega, giga,etc.

Importance of prefixes:
The big quantities like 50000000 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 written as 4 x 10° m.

Examples:
The following examples will explain the meaning of prefixes.

5000
1) S000mMm=—— m=
(1) 1000 m=5m

- 50000
50000cm=——— m=
(1) 100 m=500m

5 3000
i) 3000g =222 ks =3k
(i) 30908 = 1550 k&=3ks

(iv) 2000us =2000x10°s=2x10"s =2ms

Some Prefixes for SI Units: ’ X
10 . 10’“ atto

Exa E a
10" Peta P 107> femto f
10" Tera i3 107" pico p
107 Giga G 107 nano n
10° Mega M 10° micro u
10° Kilo k 10° milli m
10° Hecto h 10~ - centi c
10' Deca da 107 deci d

Note:
Double prefixes are not used. For example no prefix can be used with kilogram because it already

contains a prefix kilo.
Q.8  What are multiples and sub multiples? Describe some multiples and sub multiples of mass

and length.

Ans.

Multiples:
A unit can be increﬁsed' or decreased by multiplying or dividing by positive powers of ten.

Positive powers of ten are called multiples.

Sub-Multiples:
A unit can be increased or decreased by multiplying or dividing by negative powers of ten.

Negative powers of ten are called sub-multiples.
Some multiples and sub-multiples of mass measurement are given in the followingTable:

Table
100 kg
10 quintal or 1 quintal
1000 kg 1 tonne
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Some multiples and sub-multiples of length measurement are given in the following'rable:

Table
Im 100 cm
lem 10 mm
Ikm 1000 m
I mm IO:: m
I cm IOJ m
| km 10" m %

(D) SCIENTIFIC NOTATION

Q.9  What is scientific notation (Standard Form)? describe its importance and explain
method to write numbers in scientific notation.

—

Ans.
Scientific Notation:

An internationally accepted way of writing numbers in which numbers are recorded using th
power of ten or prefixes and there is only one non zero digit before the decimal.
For Example: _

384000000 m =3.84 x 10° m

62750 km  =6.275x 10* km

0.00045 s =4.5x10"s
Importance of scientific notation:

It is short way of representing very large or very small numbers. Writing otherwise, the values
these quantities, take up much space They are difficult to read, their relative sizes are difficult to visualiz
and they are awkward to use in calculations. Their decimal places are more conveniently expressed g
powers of 10.

Method of writing a number in scientific notation:

To write numbers using scientific notation, move the decimal point until only one non-zero digi
remains on the left. Then count the number of places through which the decimal point is moved and us
this number as the power or exponents of '10. The average distance from the Sun to the Earth i
138,000,000 km. In scientific notation, this distance would be written as 1.38 x 10° km. The number o
places, decimal moved to the left is expressed as a positive exponent of 10. ' '

Diameter of hydrogen atom is about 0L_000,000;00(),052 m. To write this number in scientifi
notation, the decimal point is moved 11 places to the right. As a result, the diameter is written as 5.2 x 1(
"' m. The number of places moved by the decimal to the right is expressed as a negative exponent of 10.
Q.10 Describe important rules required when using SI units and prefixes. |
Ans. 5. et s ; e
Use of SI units require special care, particularly in writing 'pi'eﬁxes. :

*  Each unit is represented by a symbol not by an abbreviation. For examp?e, for SI not S.1., for second
not sec, for ampere A not amp, for gram g not gm. o -

. Synibols dp not take plural form. For exafnple, ‘.IO_in_N‘; 100N, 5 kg, 60 s. _

e Full parﬁeo_f unit.does not'begi_n_ with- capital letter. For'eXampl‘e, metre, second, newton excep
Celsius. s Ty i S - _

e Symbois appear in-lower case, m for metre; s for second, exception is only L for litre.

e Symbols named ajfte_r scientist's name have initial letters cdpital. For example, N for newton, K fo
kelvin and Pa for pascal. < ]

*  Prefix is written before and close to SI unit. Examples: ms, mm, mN, not m s,mm, mN.

* Units are written dne_spaéé apart. For example, N m, N s.
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RED LENGTH MEASURING INSTRUMENTS
Q.11 Define measuring Istruments and least count. Also write a note on meter rule and
measanng tape.
—\:\,

\feasuring lnstrumenta;
Measunng ing 1
ruments are used to measure various phy sical quantities such as length, mass, tme

e clo

Minumum me; >
casureme ni that can be made by a measuring device is known as least count.

vample: Leas : :
for Lyample: 1 count of meter rod s Imm.Least count of vernier calipers is 0.Imm. Least count of
sorew gauge 15 0.0 mm.
Metre Rule:
A metre rule P ra )
hsearee. Back ¢ '8 a length measuring instrument. It is one metre long which is equal to 100
1 . tach ce 1s divi : e il 1
cen htimetre is divided into 10 small divisions called millimeter. One millimeter 1s the

allest reading tha . .
. £ that can be taken using a metre rule and it is called its least count.

4 o
(A 2 J &
ad ad . b ol ~ & = 3 P P -
Lbssa los Lissaluisidiiualiendecisd PO PPy SRRy P | pa L L 1-

Using Metre Rule:
measure the : : . : .
o length of an object, the metre ruler is placed in such a way thatits [~ =~ 18 o

zero coincides one edge of the object and then the ing i .’1' ™ F“

reading in front of the other edge | A* ' ¢
is the length of the object. ‘ : : WTTWZl 3
Onc_ common source of error comes from the angle at which an instrument is read.
While measuring length or distance, eye must be kept vertically above the reading

poim.. The rread ing b.ecomes doubtful if the eye is positioned either left or right to the
reading point. In this case the object will appear to be of different length. This is known as parallax error.

The Measuring Tape:
Measuring tape is used to measure length in metres or centimeters. Its least count is | %" \Y
&

mm. It consists of a thin and long strip of cotton, metal or plastic. Measuring tapes

are marked in centimeters as well as in inches.
Q.12 Write a note on vernier calipers. Also calculate its least count.

Ans.
~Usually a meter rod is used to measure the length of a body. Metre rod can measure the length of

a body correct upto a millimeter. The length less than | millimetre cannot be measured accurately using
metre rod. For measuring very small lengths we use Vernier calipers which can take smaller than a

millimetre reading.

Parts of vernier Callipers:
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 narrow strip that projects from behind the main
scale known as tail or depth gauge is used to measure the depths of a hollow object.




Scales of vernier callipers:
Vermer Callipers has two scales ’ !
Main scale and Vernier scale \ 1
| C l R . - '
s

Main scale:
Main scale is on fixed jaw. It has

centimeter and millimeter marks on it

B

Vernier scale:
| A
! (o . g o ———

I'he second part of a vernier calipers |
ale. The length of vernier scale 5 of ¢
I

1s @ vernier scale which is on a moveable jaw.
n the main s¢ et _ .

division. The separation beyy,,

d

Vernier scale can be moved forward or backward o : d rnier
mm and it is divided into ten equal parts. Each part is b

two vermer lines in 0.9 mm.
ain scale division (M.S) 5

Least Count of Vernier Callipers: ' ; ne m
Least count of a Vernier Callipers 1s the difference between O
one Vernier scale (V.S) division.

Hence, Least count = | M.S div - 1V.S div
= |mm-0.9mm=0.1 mm

Least count of vernier calipers can also be found as given below
Smallest division on ma

" Total number of divisions on vernier scale

in scale

Least count of vernier calipers
L mm _ 5.1 mm=0.01cm
IO w—
Q.13 What.is zero error? Describe zero error of vernier calipers and its types. _—

Ans.
Zero Error:
main and vernier scales are exactly in

No Zero Error:
If on joining the jaws of vernier callipers, the zero of the

front of each other, then there is no zero error in the instrument.

Zero Error of vernier callipers: : )
If on joining the jaws of vernier callipers, the zero of the main and vernier scales are not exactly
in front of each other, then there is an error in the instrument called zero error.

Types of zero error:

There are two types of zero error
(i) Positive zero error (ii) Negative zero error
' ' | |
i .' } i
: 1 0 : 1 0 : 1
EERNNRERAN]
ULLEN LA :
5 1L 1o 5§ 10 0 s 1 10 |
=
[}

()
+ T
/ {
| |
! 1

No Zero Emor Positive Zero Error Negative Zero Ermror

Positive zero error:
If the zero of the vernier scale is on right side of the zero of the main scale, then this instrument
will show slightly more than the actual length. This is called positive zero error.

How to find positive zero error:
To find the zero error, note the number of the division of the Vernier scale which is exactly in
front of any division of the main scale. Multiply this number with the least count. The resultant number is

the zero error of the instrument.




e
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(-ormllou of positive zero error:
In case of posiive zero error the observed Nidmg 15 corrected by subtracting the zero errof from 1
Negative 7ero crror:

If l::c|,’|(|.'-"| of lt;‘c vernier scale 1s on left side of the zero of the mamn scale. then this nstrumert
will show shghtiy-less than the actual length This is called negative zero error
How t0 find negative zero error:
To find th; :;m error, note the number of the division of the Vernier scale which is exactly in front of any

) 1 " .

Jivrsion :hc" (; i‘::lllllb'\kl‘k.l or example, if 3 is the number of divisions comnciding with
Jivision s s rnlucd from 10 and the result is then multiplied with the least count.
gero error in this case will be 0.7 mm
Correction of negative zero error:
In care of negative zero error the observed reading is corrected by adding the zero error in it

Describe the method for taking reading with vernier calipers. '
ier scale on the main

s, Suppose, an object i
Ans.  SUpPposc, object is placed between the two jaws, the position bty
scale is shown in figure. '
LR LR LR AR RN NAY R I O D |l|nll|ll|l|ll|||ll|l|||||u
1

' 1mjl i-', i 1 ? 1 | tronthonnrbon
; 1o e bennebignnlon I
lll ¢ $|!1l };U W;L Ma.n.sca'e m Main scale

any main scale
Therefore, the

e
Q.14

Main scale Boech . W) .
Vermier scale (a) Vernier scale (b) Vernier scale
() rg‘e the main scale reading just infront of Main scale zero of the Vernier scale. It shows
.3 cm.
(i)  Find the vernier scale division that is coinciding with any main scale division. It is 4™ division.

(i)  Multiply it wi_th least count and add it in the main scale reading. It is the required length.
Length of object = Main scale reading + (Least count x Vernier scale reading).
=4.3+0.01 x4=4.34cm :

Q.15 Write a note on screw gauge

Ans.
Screw Gauge:
This is an instrument use to measure the thickness of very small objects such as a card board, a

strip of metal or a wire accurately upto 100" part of a millimeter. It is also called micrometer screw

gauge.
Scales of Screw Gauge: AMI  Spndle Spinde Lock Sleeve Thimble

It has two scales: ' F“\. e %
() The main scale 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 mm and 100
divisions on the thimble. '

Pitch of Screw Gauge:
‘When the thimble makes one complete turn, the spindle moves 0.5 mm (1 scale division) on the

main scale which is called pitch of the screw gauge.
This is the minimum length which can be measured accurately by using screw gauge. This is
known as least count of screw gauge.

Least Count of screw gauge: :
The minimum length which can be measured accurately by a screw gauge is called least count of the

Frame

screw gauge.
The least count of screw gauge is found by dividing its pitch by the number of circular scale divisions

L ¢ I Pitch of screw gauge _ 05mm _ 0.01
SEOOBID Cserey ERNED number of circular scale divisions 50 scaton




e

Q.16 Describe zero error of screw gauge and its types.

Ans.

No Zero Error:

Y . . : 0
If on joining the spindle with the stud of the screw gauge the zef
horizontal line then there is no zero error in the instrument.

of the circular scale coincides wy

orizontal line of the main scale g,
strument called zer,

Zero Error:
3 , ; i i the h
If the zero of the circular scale 1s not exactly In frolnl r(::ris o |0 e
joining the spindle with the stud of the screw gauge, then the
error.
Pouigys Taro T80 lar scale is below the horizontal line then it will measure slightly more than the

If zero of the circu
actual thickness. This is called pos!

Correction: - S
In case of positive zero error the observed reading IS correcte

tive zero crror.

10

6
0

lllllllllllll‘ll“
e

:Qua

45
40

No zero error Positive zero error Negative zero error

Negative Zero Error:
If zero of the circular scale is a
actual thickness. This is called negative zero error.

Correction:

bove the horizontal line then i

d by subtracting the zero error from it.

-

t will measure slightly less than the

o error in it.

the observed reading is corrected by adding the zer

In case of negative zero error

Q.17 Describe the method for taking reading with vernier calipers.

Ans.

Suppose when a steel sheet is placed in between the anvil
and spindle, the position of circular scale is shown in figure.

— 0

30
25

(i) Note the main scale reading on the sleeve just before the

thimble. It shows 6.5 mm.
Find the circular scale division that is coinciding with

20

(ii)
horizontal line. It is 25" division.
(iiij)  Multiply it with least count and add it in the main scale re
- Thickness = main scale reading + (circular scale reading * L.C.)
= 6.5 mm+25 x 0.0l mm=6.5 mm + 0.25 mm = 6.75 mm

') MASS MEASURING INSTRUMENTS

ading. It is the required thickness.

Q.18 Define mass measuring instruments, mass and weight

Ans. [
Mass Measuring Instruments: ~

In order to measure mass different types of balances are used throughout the world.
Some important balances include beam balance, physical balance, lever balance and electronic balance.

Mass:

Mass is the measure of quantity of matter in a body. Its unit is kilogram (kg). The mass of an

object is found by comparing it with known standard masses. This process is called weighing.

Weight: .

Weight is the force by which a body is attracted towards the Earth. Its unit is newton (N). Weight

an be measured using spring balance




Clme—
Q.19 Describe the method for measuring mass with the help of physical balance.

ANS. . A Beam

Follow the steps to measure the mass of a given object. Sumo [ Sunsny

i Adjusting the leveling screws with the help of ==
plumb line to level the base of physical balance. e e

ii. Raise the beam gently by turning the arresting
knob clockwise. Using balancing screws at the s Paar
ends of its beam to bring the pointer at zero pomnter !
position and beam in horizontal position. g o=

iii. Place the object to be weighed on its left pan. .

iv. Place suitable standard masses (known weights) A by Leveting scrow
from the weight box on the right pan using
forceps. Raise the beam and check the position of
pointer. _

V. If pointer is not at zero then adjust the weights so that pointer remains on zero or pscnllalcs
equally on both sides of the zero of the scale.

vi. Note the standard masses (weights) on the right pan. Their sum is the mass of the object on the
left pan.

(D) TIME MEASURING INSTRUMENTS

Q.20 What is stop watch? Explain its types and working.
Ans.
Stopwatch:
A stopwatch is used to measure the time interval of an event.
There are two types of stopwatches:
~ (1)  Mechanical stopwatch (ii) ’ Digital stopwatch

Least count of mechanical stopwatch is 0.1 second while least count of digital stopwatch is 1/100
second or 0.01 second.

Mechanical stopwatch:

It contains two needles, one for seconds and other for minutes. The dial is divided usually into 30 big
divisions each being further divided into 10 small divisions. Each small division represents one tenth
(1/10) of a second. Thus, one tenth of a second is the least count of this stopwatch.
How to use mechanical stop watch: ™)
Mechanical stopwatch has a button on its top. To start the watch \ﬁL\
this button is pressed. In order to stop the watch this button is again /”*"3,';,,“ e
pressed. The new position of needles gives the time interval for which 8 o 'f)
the watch was in operation. After noting the time interval, the button B is 3,
again pushed to bring back the needles on zero position.

Digital stop watch:

Now-a-days, electronic/digital watches are also available which can measure one hundredth part
of a second. '

How to use digital stop watch:

Digital stop watch has a start/stop button. This button is pressed~to start or stop the stop watch. After
recording the time reset button is pressed to restore the watch fo its initial zero setting.

[[I)) VOLUME MEASURING INSTRUMENTS

Q.21 Write a note on measuring cylinder. Also explain displacement can method.
Ans. )

Measuring Cylinder:

A measuring cylinder It is used to find the volume of liquids and non-dissolvable solids.




. o . ing cylinder:

onstruction of measuring ¢J — _ -y

C A measuring cylinder 15 made of glass or transparent plastic. It has a scale along itg |

- Engih
h,

in cubic centimetres (em3 or cc) or millilitres (mL).

indicates the volume
IEL.YE

. _ '( E -
’ "
- T ” w-...”
- . t

() Incorrect position

=

. to use Measuring Cylinder: . .
How ng cylinder, it must be kept vertical on a plane surface. The surfy
ce

While using a measuri e .
d. This curved surface of liquid is called meniscus. Meniscyg of th
the

linder is curve
downwards while the meniscus of mercury curves upwards.

he reading is to keep the eye at the same level as the meniscus of the liquig

ownward and its surface is called concave surface.
ding to the bottom edge of the surface. The mercury in the cylinder Curve
)

the reading is taken corresponding to the top edge.

(b) Correct position

liquids in the cy
most liquids curve
The correct method to note t
Water in the cylinder curves d
The reading is taken correspon
upward. Its surface is convex and
Displacement Can Method: _ .

If the body does not fit into the measuring cylinder, then an overflow can or displacement cap, of
wide opening is used as shown in Figure. Place the displacement can on the horizontal table. Pouyr Water

in it until it starts overflowing through its opening.
Side .
~x.opening

to the solid body- and lower it gently into the displacement can. The

ows through the side opening. The water or liquid is collected in a

Now tie a piece of thread
he volume of solid body.

body displaces water which overfl
beaker and its volume is measured by the measuring cylinder. This is equal to t

Q.22 How can you measure volume of an irregular shaped object that can sink and does not

dissolve in liquid?
Measuring cylinder can be used to find the volume of an irregular shaped object that can sink and
does not dissolve in a given liquid.

following the given instructions.
Take a liquid in which the given solid does not dissolve.

Note the initial position of liquid surface.

Put the solid in the cylinder containing liquid.
Note again the position of liquid surface in the cylinder which rises due to solid.

The difference of the two readings is the volume of the solid.

1K) ERRORS IN MEASUREMENTS

Ans.

DB

Q.23  Write a note on errors in measurement and its types.
v .

Ans.  Error:
Every measurement, no matter how carefully taken, has a certain amount of doubt known as

error. Error is simply the uncertainty that arises during measurement.
The best we shall do is to ensure that the errors are as small as reasonably possiblé A scientific

measurement should indicate the estimated error in the measured values
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Types of Errors:

I Usually, there are three types of’ experimental errors affecting the measurements.
) Human Errors

(i) Systematic Errors
(i) Random Errors

(i) Human Errors
They occur due to personal performance.

Causes:

(a) The limitation of the human perception such as the inability to perfectly estimate the position of
the pointer on a scale.

(b) Personal errors can also arise due to faulty procedure to read the scale. The correct measurement
needs 1o line up your eye right in front of the level.

! (c) In timing experiments, the reaction time of an individual to start or stop clock also affects the
| measured value.

Mecthods to minimize personal errors:

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.
(ii) Systematic Errors

They refer to an effect that influences all measurements of particular measurements equally. It
produces a consistence difference in reading.

Causes:

It occurs due to some definite rule. It may occur due to zero error of instrument, poor calibration
of instrument or incorrect marking.

Mecthods to minimize Systematic errors:
The effect of this kind of error can be reduced by comparing the instrument with another which is

known to be more accurate. Thus, a correction factor can be applied.
(iii) Random Errors

It is said to occur when repeated measurements of a quantity give different values under the same

conditions. It is due to some unknown causes which are unpredictable. The expenmenter have a little or
no control over it.

Causes:

Random error arise due to sudden fluctuation or variation in the environmental conditions. For
example, changes in temperature, pressure, humidity, voltage, etc.
Methods to minimize random errors:

The effect of random errors can be reduced using several or multiple readings and then taking
their average or mean value. Similarly, for the measuring time period of oscillating pendulum, the time of

several oscillations, say 30 oscillations is noted and then mean or average value of one oscillation is
determined.

L[ UNCERTAINITY IN A MEASUREMENT

Q.24 What is meant by uncertainity in measurement? Explain
Ans. '
Uncertainity in measurement: .
Whenever a physical quantity is measured (except for counting), some level of uncertainty is

present due to the limitations of the measuring instruments and the measurement process. It is to be noted
that there is no such thing as a perfect measurement.

E
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Q.25 What do you

mean by significant figu

determining the number of si

gnificant figures.

Ans.
Significant Figures:
In any ‘measurement,

doubtful digit are called significant figures.

Suppose two students measure the length of a rod with a ruler.
¢ shows the length in between

slightly more than 4.6 cm but less than 4.7 ¢m, so the fi
4.7 ¢cm. The first student thinks that t

Explanation:

The measuremen

second student takes it as

the accurately

known digits and the first

4.6 cm and 4.7 cm. Since the length of the rod is
rst student estimates it to be 4.6 cm whereas the
he edge is nearer to 6 mm mark whereas
k. It is difficult decide what is the true

ge of the rod nearer to 7 mm mar

the next digit is _doubtful which has.béen determined by
it is known as a doubtful digit. In any

digit are known-as significant figures.

the second student considers the ed

length.

Both students agree on digit 4 but
estimation only and has a probability of error. Therefore,
measurement, the accurately known digits and the first doubtful

Rules for dclcrmir'ling the number of significant figures in the data:
The following points should be kept in mind while determining the number of significant figures

in numerical problems or data.
(i) All non zero digits 1, 2, 3, 4, 5,

significant. ,
The zeros in between the digits are considered significant

(ii)
3 For example in 1.406, there are four significant figures.
(iii)  In any observation the zeros on the left side of the measuf

example in 0.00SQ, there are two significant figures.
The zeros on the right side of a decimal are considered significant

For example in 2.450, there are four significant figures

6, 7,’ 8 anld 9 are significant. Zero (0) may or may not be

ed value are not significant. For

(iv)
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/ Physical Quanuues @t

case, expr To8 “’m'\Ou'l a decimal poim,_Thcsc zeros may qfi_ma)’

port lh;llp 2cgs;u,c quantity in scientific notation 10 find the signi ncan:l

ros are not . 00, spectators watched a cricket ma_tch: The dlgl.ls 2 an

t figures ?lgmﬁcam_ When it is written in scu:_nuﬁc notation with

ving f as In measurement ¢.g 2.90 x 10’ showing three sxlgn!ﬁcanl
& four significant figures or even 2.9000 x 10° showing 5 significant

vi) If numbers are rec L

(vi) significant. For cxa:]fs‘idi lnl sc1cnt|ﬁ‘c notation then all the digits before the power of ten are

10 1.40 x 10°, the number of significant figures is three.

. LIFD) PRECISION AND ACCURACY
Q.26 What is meant by precision and

accuracy in measurement? accuracy? Explain. How can we achieve precision and

AnSs.
Precision:

PICCiSion re&ls t € Co 1 e
0 |h
nSlSlﬁnCy and ‘epealabi“t)’ Of mea Suremenls. It deSClibCS hO\V C‘OS ‘)

repeated measurements of :

not. If you measure sorr:::h-s Ty quantity are to each other, regardless of whether they are ERREE

measurements are precise. F ing multiple times and get nearly the same result every time, YOUU
- For example, a scale that always gives the same weight within a margin of 0.1

kg is precise, even if it consi .
Accuracy: istently overestimates the true weight by 0.5 kg (not accurate).

Accuracy o ' _ .
A fdisiiremiens Ys ancthe Othf:r .hand, refers to how close a measured value is to the true or accepted value.
N e curate if it correctly reflects the actual quantity being measured. For instance, if a
s a temperature of 25°C when the actual temperature is 25°C, the thermometer is

accurate. On if i i 4
th_e _other hfmd if it reads 2 degrees Celsius higher than the actual temperature then it is not
accurate, even if its readings are very precise. ‘

Explanation:

! A cra;sw illustration i.s helpful to distinguish the two concepts. Consider a target or bullseye hit
y arrows or darts. To be precise, arrows must hit near each other and to be accurate, arrows

must hit near
the bullseye.
(@ (b) ©
Precise not accurate Accurate not precise Accurate and precise
There may be following different cases of the result of this experiment.

Accurate:

If your darts land close to the center of the target your ai
Precise:

If your darts are grouped tightly together, even if they're' not in th
as precise. :
Accurate and precise:

If your darts hit the bullseye and are tightly grouped.
Accurate but not precise: '

If your darts land near the center, but they're scattered all over the place.
Precise but not accurate: ‘ _

If your darts are tightly grouped, but they're all off-center in the same direction.

m will be referred as accurate.

e center your aim will be termed
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Both precision and accuracy are desirable qualities:
In practice, both precision and accuracy arc¢ desirable qu
can be precise but not accurate, or accurate but not precise. Ideally, me
and accurate. meaning that they are both consistent and close to the true value.
When these concepts are applied to measurements, the precision is dcle.nm'ned by the instrum,
being used for measurement. The smaller the least count, the more precise is the measuremen. 7,
[ the more precise instrument is needed to be used.
orrectly reflects the size of the object being measured. Accury,
it is relative mecasurement whijch

Achievement of precision and accuracy:

smaller the size of physical quantity,

A measurement is accurate if it ¢
al uncenainty in the measurement. Infact,
the number of significant figures, the. large,

depends on fraction
important. The accuracy of measurement is reflected by
the number of significant figures, the higher is the accuracy. .
Table Some Timing Devices
S
Type of clock/watch | Use and accuracy
. . 0-]0 = ds —
Measures very short time intervals of about | seconds.

Atomic clock
Mecasures short time intervals (in minutes and seconds) to an accuracy

Digital stopwatch .
to £0.01 s. ;
Analogue stopwatch Moasures short time intervals (in minutes and seconds) to an accuracy
to 0.1 s. ‘ ' '
Ticker-tape timer Measures short time intervals of 0.02 s. ]
Watch/Clock Measures longer time intervals in hours, minutes and seconds. ]
Pendulum clock Measures longer time intervals in hours, minutes and seconds.
Measures (in years) the age of remains from thousands of years ago.

Radioactive decay clock

ROUNDING OF THE DIGITS

(1.13)

Q.27 Describe important rules for rounding the numbers.

Numbers are rounded off according to following rules:
If the last digit is less than 5 then it is simply dropped. This decreases the number of significant

Ans.

(1)

digits in the figures.

For Example:1.943 is rounded to 1.94 (3significant ﬁgures)'

(i) If the last digit is greater than 5, then the digit on its-left is increased by one. This also decreases
the number of significant digits in the figure. ‘

For Example:1.47 is rounded to two significan. digits 1.5.
If the last digit is 5, then it is dropped and the last retained digit is increased by one if it is odd.

(iii)
For Example:1.35 is rounded to 1.4 _
(iv)  Ifthe last digit is 5, then it is dropped and the last retained digit does not change if it is even.

For Example:1.45 is rounded to. +.4
(v) If the digit to be dropped is 5 and there is another non zero digit on its right side then this 5 is
dropped and the last retained digit is increased by one.

For Example:1.352 is rounded to | .4.
(vi)  Sometimes, logic is applied to decide the fate of a digit.
For Example: If we round to 2 significant figures 4.452 x 10 m, the answer should be 4.5 x 10

m since 4.452 x 10° m is more closer to 4.5 x 10’ m than 4.4 x 10° m.
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u Multiple Choice QUBStio@

Tick (¥) the correct answer,

The instrument that .
1.1 exrdboard 1§ a: 4l 1$ most suitable for measuring the thickness of 2 few sheets of
a) metre rule
:c) Vernier Callipers (b) mgasuring tape
1.2. Once I'gmlomctrc is equal to: (d) micrometer screw gauge
(ﬂ) |0’ m (h) |0.|5 "
3. A light year is a unit of: = (€) 10" m (d) 10,3 m
(a) light (b) time
. . -] L4 d
1.4, Whichone is a non-physical quantity? (c) distance (d) spee
(a) distance y: ety
¢) colour
5 (\\’hcn using a me : . (d) temperature
R SINE & measuring cylinder, one precaution to take is to:

(a) check for the zero error

t:; ::1(:: at the meniscus from bc!ow the level of the water surface
: §cvcra| readings by looking from more than one direction

(d) position the eye in line with the bottom of the meniscus

Volume of water consumied by you per day is CS(imalcd’in:

(a) 1}1llhlilrc (b) litre (c) kilogram . (d) cubic metre
1.7. A displacement can is used to measure: )

(a) mass of a liquid
(¢) volume of a liquid

1.6.

(b) mass of a solid
(d) volume of a solid

1.8.  Two rods with lengths 12.321 cm and 10.3 cm are placed side by side, the difference in their
lengths is:
(a) 2.02 cm (b) 2.0 cm (c)2cm . - (d)2.021 cm
1.9. Fou'r students measure the diameter of a cylinder with Vernier Callipers.
Which of the following readings is correct?
(a)3.4cm (b)3.475em . . (c)3.47cm (d)3.5cm
1.10. :,Vhllf‘? of the following measures are likely to represent the thickness of a sheet of this
ook?
@)6x10%m (b) 1x 10* m (©1.2x 10" m (d)4x10%m
1.11.

In a Vernier Callipers ten smallest divisions of the Vernier scale arc equal to nine smallest

divisions of the main scale. If the smallest division of the main scale is half millimetre, the
Vernier constant is equal to:

(a) 0.5 mm () 0.05 mm (b) 0.1 mm (d) 0.001 mm

micrometer

10° distance colour 5 | position the eye in line
screw with the bottom of the
. gauge , meniscus,
6 litre 7 | volumeofa | 8 | 20cm | 9 | 347cm |10 1x10" m
solid ’
11| 0.05mm

ujShort Answer Question )

1.1.  Can a non-physical quantity be measured? If yes, then how? )

Ans. Non-physical quantities are those quantities that cannot be measured using any tool or instrument.
These quantities can be described qualitatively or compared using some pre-determined criteria,
indices or through survey techniques. .
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Sharrah A in One YW AR
Name its (WO Pnrl' of an unknown quantity with a widely accep,
and a unit. A Measurey, ¢4
Cry

\What is measurement? 4 r ik
aris

J a Pprocess of compi

\ measurement I1s f g - " ‘

‘\n\.
standard quantity. A measuremen
without unit 1s meaningless. nts?
1.3. Why do we nced a standard unit for mcnS:l'T:'::lh Using hand or arm, foot or steps,
Ans. In the carly days pechlc ot L mcm(l;]fc measurement of different people may differ fr
measurement may (esu gt n|S r hands, arms or steps. To avoid such confusion the
cach other because of different sizes of ! ol 1 erson may result the same. This Standard P
is a need of a standard so that measurement by any p o
measurement is known as a unit. " ) ——
1.4.  Write the name of 3 base quantities and 3 derived quan
Ans.  Three base quantities are Length, Mass, Time.
Three derived quantities are Speed, Force, Area. ¢ vour desk?”
].S. Which Sl unit will you use to express the height ol yo ters (et
Ans.  The height of desk can be expressed in meters (m) or cen
1.6. Write the name and symbols of all SI base units. T T
Sr. No. Physical Quantity Ll\
Length metre m
1. eng e % S
2 Mass , . ilogr el
3 Time ‘ second S
' kelvi K.
4. Temperature elvin =]
5. Electric current ' ampere A —
6. Intensity of light candela cd ]
7. Amount of substance _ mole mol
Name three sub-multiples and three multiple, prefixes with thejr

1.7.  Why prefix is used?

symbols.
Ans. Prefixes are used to express very
Sub-multiples: milli (m), micro (u), nano (n)

Multiples: kilo (k), mega (M), giga (G)

large or very small values conveniently.

1.8. What is meant by:
(a) Spm (b) 15 ns (c) 6 um (d)5is
Ans. (a) 5 pm =S5 picometers =5 x 107'? meters
(b) 15 ns = 15 nanoseconds = 15 x 107 seconds
(c) 6 pm = 6 micrometers = 6 x 107 meters
(d) 5 fs = 5 femtoseconds =5 x 10 15 seconds
1.9. (a) For what purpose, a Vernier Callipers is used?  (b) Name its two main parts.
(d) What is meant by zero error?

(c) How is least count found?
Ans.
It is an instrument used to measure small lengths down to 1/ lOth of a mllllmetre It can be used to

(a) -
measure the thickness, diameter, width or depth of an object.

(b) Name its two main parts: Main scale and Vernier scale.
Least count of a Vernier. Callipersis the difference between one main scale d1v1snon (M.S) and

(c)
one Vernier scale (V.S) division.

Hence, Least count =1 M.S div - 1V.S div
=Imm - 0.9 mm = 0.1 mm ,
Usually, the least count is found by dividing the length of one small division on main scale by the

total number of divisions on vernier scale.
If on joining the jaws of vernier calliper, the zeros of the main scale and Vernier scale do not

d) T
exactly coincide with each other then there is an error in the instrument called zero error
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State least count and Verp;
, 8 ¢ .
.10 length. ¥ scale reading as shown in the figure and hence, find the

Ans. Least count = 0.1 mm (or 0.0 cm)

Zero Error = £0.0cm

Main scale reading

\"-‘"‘fc' div. coinciding with main scale div - 2.6 cm

Vemier scale reading : = Sdiv

Observed diameter of the cylinder = 3%0.01 = 0.8 om

Correct diameter of the cylinder - 2.6 cm+0.05cm =_2.65 cm
1.11.  Which reading out of A, B and ¢ shows the coqu?e‘if Ic::lgithoélon:imw—hzy.ss -

snE ‘_’,:: ::_ )
/

Ans.  The correct reading is 6.0 cm a
reading point.

Gz:onstructed Response Questions)

1.1 In wh‘at unit will you express each of the following? . )
(a) Thickness of a five-rupee coin (b) Length of a book:
(c) Length of a football field (d) Distance between two cities

(e) Mass of a five-rupee coin (f) Mass of your school bag

t position_B because at this point the eye is vertically above the

(g) Duration o_f your class period (h) Volume of petrol filled in the tank of a car
. (1) Time to boil one liter of milk :

Ans. (a) M.illimeter (mm) (b) Centimeter (cm) (c) Meter (m)
(d) Kilometer (km) (e) Gram (g) ' 3} Kilogram (kg)
(2) Minutes (min) () Liter (L) (i) Minutes (min)

1.2 Why might a standard system of measurement be helpful to a tailor?

Ans. A standard system ensures that the tailor’s measurements are consistent and accurate, enabling
proper fitting for garments. = . '

1.3 The minimum main scale reading of a micrometer screw gauge is 1

mm, and there are 100 divisions on the circular scale. When the
thimble is rotated once, 1 mm is its measurement on the main scale.
What is the least count of the instrument? The reading for the
thickness of a steel rod as shown in the figure. What is the thickness

of the rod?
Ans.
Number of divisions on circular scale =100

Smallest main scale reading = Pitch of screw gauge =1 mm
' Pitch of screw gauge

Least count of screw gauge = - —
& : 3 gaug . number of circular scale divisions

_ Imm

=—— =00l mm
100
Thickness of the rod: o a
Zero Error 50‘0 tih
. . = Omm
Main scale reading — 70 div

Circular scale div. in front of index line
Circular scale reading
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- 9mm + 0.70 mm

Observed diameter of the given wire
= Q.70 mm

Correct diameter of the given wire

=070 mm $0.0 mm= 1.61 mm
of pencils; how can the diameter of ,

You are provided a meter scale and a bundle !
provided a meter sca precision as that of Vernier Caliperys %y

1.4
measured using the meter scale with the same
Describe briefly. ! leagth of the fow usi

Ans.  Arrange pencils tightly in a straight line. Measure the tota ant ginmﬂfco using the Mete,
scale. then divide by the number of pencils to get an OPPFO"‘”“‘:‘C ] torﬁnd "

1.5 The end of a meter scale is worn out. Where will you p ?cc“ o':‘ any other full ¢ lengyy,

Ans. I the end of a meter scale is worn out, you can place the p‘"‘;] ctcryscale S by Visible
the scale and note the readings at both ends of the pencil on the m - Subtract the twg,
readings to get the length of the pencil. le?

1.6 Why is it better to place the object close to th_e fneter sca e.lacc fie chfiset Hig

Ans.  When measuring an object with a meter scale, it is better (0 gin Barallax éror se to lh"&ca;
reduces chances of parallax error and ensures an accurate reading. Occurs Whey,
eye is not directly in line with the markings on the sc:ik?ty. ectly?

1.7 Why is a standard unit necded to measure a quan co 2

Ans.  Standard units are needed to measure quantities correctly becauslcte tel:les{l ::;;s‘l‘l:;;:at Meagy
are consistent and accurate, and can be understood by ((thhel’s- Mity ang al
measurements to be universally understood and compared. ]

1.8 Suggest some natural phenomena that could serve as a reasonalt)_lrz'] :;Ca'::;;“me Standy,,

Ans.  Some natural phenomena that could serve as a reasonab[y accurate Il ks) and de.lre S Under.
Rotation of the Earth , vibration of a cesium atom (used in atomic cloc¢ ) and radioactive degy
etc.

- . 2 .

1.9 It is difficult to locate the meniscus in a wider vessel. W.hy- "

Ans.  In a wider vessel, the meniscus is harder to locate because its curvatlllre 1s less P"ﬁ“qlm?ed,
making it flatter and less visible. Additionally, reflections and parallax errors make it difficyp,
locate the nmieniscus further. -

1.10 Which instrument can be used to measure:

(1) Internal diameter of a test tube,
(i1) Depth of a beaker

Ans.  In both cases vernier calipers can be used. .

aComprehensive Questions )

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

Ans. For answer See Q.No.2 and Q.No.6 .

1.2. Give three examples of derived units in SI. How are they derived from base units? Describ
briefly. :

distance _ meter _ m -1
Ans. (a) Speed = —; = = —=ms
time . second s
(b) Volume = length x breadth x height .
= meter x meter x meter = cubic meter = m
(c) Force = mass x acceleration
¥ displa
velocity placement /
= mass Xx ————— = mass X — : fime
time time
displacement
= 4 m
= mass x ———= kilog ramx eter :
(time) (second)”

= kgxsm2 =kgms? =N
, -
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1.3, .(\.l:ll.::‘.l e similarities and differences between Vernier Calipers and Micrometer Scre
3 :
ANS. Similarities:
' h instrume ) Lilo .
L ]I:x:h inslnunc:::: mntl used l'u Measure small lengths with high precision, Vet ——
3 . > CONSISL of two scales. one main seale wher a secondary (Vernier or ¢
scale 10 improve accuracy, ales. one main scale and othe ary
Differences:
Feature v Vernier Calipers Micrometer Screw Gauge
Function casures intemal g external dimensions Mcasures external dimensions only.
and depth,
S reclsi Least couny =
Precision Last count = 0.1 . =0.01 mm
"Seale type It has sliding vernier scale Il-"l‘lSl CO1u'l]iln -(i'ir:ur:-‘xr scale
. « . E § o
T leape Suitable for larpe ; L folatin, —
Usag Orlarger objects Suitable for smaller objects
1] 4 .
| ' Elc-b-_- small rods, metallic bob ctc). (e.g., wires, card board etc.).
iction as S 1 ; : s : :
Conslrlld = ijtl\vh lor holdmg objects. Has an anvil and spindle with a screw.
entity i xplai : : x :
1.4 LY and explain the reasons for human errors, random errors and systematic errors in
experiments,
Ans. Foranswer Sce Q.No.23
Differenti: i :
1.5. x late between Precision and accuracy of a measurement with examples.
Ans. For answer Sce Q.No.26

Ans.

Is a non-

physical quantity has dimensions?
No, a n

on-physical quantity does not h

ave dimensions. These quantities do not have any
fundamental quantities involved,

and therefore do not have any dimensions or units.
Cauick 0uiz \\GTTLTND

Ans.

Ans.

(@)  Write the unit of ch

. arge in terms of base unit ampere and second.
The unit of charge is coulom

b which is equal to ampere second.

: 1C=1As . :
(b) Express the unit of pressure "pascal" in some other units.
| Pa=]Nm?= kgm's

I Pove o 10)

100 m is equal to:

(a)1000m (b) 1000cm (c) 100,000 mm (d) Ikm
Ans.  (c) 100,000 mm

ek v \ZITLIRD)

Ans.

Express the following into scientific notation.
a)  0.00534 m - b)2574.32 kg

- €) 0.45m d) 0.004 kg e) 186000 s

a) 0.00534m=534x10"m
b) 2574.32 kg =2.57432x10° kg
c) 045m=4.5x10"m
d) 0.004 kg =4x10"kg
e) 186000 s =1.86x10’s
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Identify Personal, Systematic and Random errors:
Your eye level may move a bit while reading the meniscus.

|

2 Air current may cause the balance (0 fluctunte.
3. The balance may not be properly calibrated. ' ' ,
4 Some of the liquid may have evaporated while it is being measured.

Personal crror.

ks
2. Random error.
3 Systematic error.

Random error.
\ Page No. 21)

Name some repetitive processcs occuring in nat
\ns.  Repetitive natural phenomena like the rota
an elements could serve as time standards.

 uick aui: GTTLTHED)
How many significant figures are there in each of the following?
(c)0.125 m (d) 0.000125 km

(a) 1.25x 10°m (b) 12.5 cm
Ans. There are 3 significant figures in each of these numbers.
Brain Teaser! |[Do You Know?)| For Your Information!

Which base unit prefix attached with it?
thickness of a book page and diameter of,

&

ure which could serve as reasonable time standg,
tion of Earth or orbit of Moon and radioactive decay

Q.1
Ans. The kilogram is the only base unit that has a prefix.
Q.2  Write average lengths of a football ground, man,
pencil. .
Ans.
Some specific lengths in (m)
Football ground_ | 9.1x 10’
Man - 1.8 x 10°
Thickness of book page 1.0x 107
Diameter of péncil : 7.0x 107
Q.3  When and who invented vernier callipers? :
Vemier callipers was invented by a French Scientist Pierre Vernier in 1631.

Ans.
Q.4  Write some laboratory safety rules.
Ans. Laboratory Safety Rules iy

e Handle all apparatus and chemicals carefully and correctly. Always check the label on the
container before using the substance it contains. , :

Do not taste any chemical unless instructed by the teacher.

[}
e Do not eat drink or play in the laboratory.
Do not tamper with the electrical mains and other fittings in'the laboratory.

[ ]
o Never work with electricity near water.
Don't place flammable substance near naked flames.

[ ]
. e Wash your hands after all laboratory work.
Q.5  How did ancient Chinese estimate the volume of grains?
Ancient Chinese used to estimate the volume of grains by sounding their containing vessels.

Ans.
Despite the use of SI 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 0.35 mm.

Q.6  What is least count of an electronic timer?
An electronic timer can measure time intervals as short as one-ten thousands (1/10,000) of a

Ans.
second.
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Q.12

Ans.

Q.14
Ans.

Q.15
Ans.

Q.16
Ans.

Q.17
Ans.

Q.18
Ans.

Q.19

Ans.

Q.20
Ans.

po numbers smaller thap ope re
The negative exponents h
Can we add or subtract

Present negative or positive clpom‘"“‘?
ave values less than one. For example, | x107% = 0.01 .
numbers if they have different exponents? If not, then haw can they

Addition and subtraction of numbe
not have the same exponents, make
poinl.

What is meant by parallex error?

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

Which is most precise balance?
The most precise balance is the digit
0.lmg

' , o
rs is only possible if they have the same exponents. If(l’hcy dal
them equal by the displacement of the position of the decim

: f
al electronic balance. It can measure mass of the order o

Do symbols of base units depend on the language used in the text?

No, the symbol of the base units are unjversal independent of the language used in the written
text.

Caution:

While taking a reading, keep your eye in front and in line with the lower meniscus of the water.

Describe range and least count of different length measuring instruments.
Limitations of measuring Instruments
Instrument Range Least Count
Measuring Tape 1 cm to several metres 1 mm
Metre rule Ilmmtolm I mm
Vernier Callipers 0.1 mmto 1S cm 0.1 mm
Micrometer Screw gauge 0.01 mm to 2.5 cm 0.01 mms

Can a sensitive (precise) balance measure large masses?

A sensitive balance cannot measure large masses. Similarly a balance that measures large masses
cannot be sensitive.

Which balance is considered more precise?

Some digital balances measure even smaller difference of the order of 0.0001g or 0.1 mg. Such
balances are considered the most pregise balance. '
Write a note on laboratory safety equipments.

A school laboratory must have safety equipments such as:

*  Waste-disposal basket *  Fire extinguisher.
*  Fire alarm. *  First Aid Box.
*  Sand and water buckets. "~ *  Fire blanket to put off fire.

'*  Substances and equipments that need extra care must bear proper warming signs.

What is meant by the pitch of the screw gauge?

“The distance covered by the circular scale in its one complete rotatiori is called pitch. The pitch of
a screw gauge is usually Imm.

What is meant by the pitch of the vernier calipers?

The distance between two small lines on main scale is called pitch of vernier calipers. Its value is
usually Imm. ,

Why a screw gauge measures more accurately than a vernier calipers?

Least count of screw gauge is 0.01 mm while least count of vernier calipers is 0.1 mm.Since

screw gauge is more precise instrument than vernier calipers so it measures more accurately than
a vernier calipers. ’

What is the least.count of the vernier calipers?
Least count of vernier calipers is 0.1 mm or 0.01 cm.




.

What is the range of the vernier calipers used in your physics laboratory? m

Q.21
Ans. It can measure from 0.1 mm to 150 mm.
How many divisions are there on its vernier scale?

Q.22

Ans.  There are ten divisions on its vernier scale.

Q.23  Why do we use zero correction?

Ans. In order to correct zero error zero correction is added or subtracted from the Obse
™

mcasurcment.

Q.24  What is least count of digital vernier calipers? ]
Digital vernier callipers has greater precision than mechanical vernier callipers. Leagy coy

Ans.
Digital Vernier Callipers is 0.01mm.

Q.25 What is the least count of a screw gauge?

Ans.  Least count of screw gauge is 0.01 mm or 0.001 cm.

Q26 What is the pitch of your laboratory screw gauge?

Ans.  The pitch of laboratory serew gauge is | mm.

Q.27 Whatis the range of your laboratory screw gauge?

Ans. It can measure from 0.01 mm to 25 mm.

Q.28 Which one of the two instruments is more precise and why?
a. Vernier Callipers. b. Screw Gauge ‘

Ans.  Least count of vernier callipers is 0.1 mm and least count of micrometer screwgauge is 0.0 m
Thus micrometer screw gauge is more precise than the vernier callipers.

Q.29 What is meant by precise instrument? _

Ans.  An instrument with small least count or absolute uncertainty is called more precise.
Mecasurement taken by which instrument is more precise? Ruler, vernier callipers ,,

Q30
screw gauge. .
Least count of ruler is Imm. It is 0.Imm for Vernier Callipers and 0.01 mm for micrometer scr,

Ans.
gauge. Thus measurements taken by micrometer screw gauge are the most precise than the o,

two. : .
Q.31 What is the function of balancing screws in a physical balance? N
Ans. In physical balance balancing screws are used to bring the pointer at zeroPosition.

On what pan we place the object and why?

Q.32
Ans. It is a convention to place the object to be measured on left pan.

| [CA,ABI |
( Example @

Solve the following: :
5.123 x 10°m + 3.28 x 10° m

(a) 1
2.57 x 10° mm - 3.43 x 10° mm

_(b)
Ans. .

(a) 5.123x 10°m+3.28x10°m
=5123x10°'m+328x10'm
=(5.123+32.8) 10'm
=37.923x10°m
=3.7923 x 10° m

()  2.57x 107 mm -3.43 x 10" mm
=257 x 102 mm - 0.343x10mm
=(2.57-0.343) 10” mm .
=2227x107mm

=2227x107 x 107 m

=2.227x 10" m 4 :
: —
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@ Find the value of cach of the following quantities:

@  (@x107kg)(6x 10" m)
6x10°m’
2x10 'm’

(b)

ADS-

)
() (4x10" kg) (6x10° m)=(4x6)x 10" kg m = 24 * 10” kgm = 24~ 10" kg m
6x10°m' 6

® 0 T 5 X0 M =3x10"m

| Solved Numericals |

IC.A, A.B)

Phunerca WD

Calculate the number of second in a (a) day (b) week (c) month and state your answers using SI
prcﬁxcs.

Avs. (@) Seconds in aday =24 hours X 60 minutes X 60 seconds = 86400s
=86.4x10"s =86.4ks
(b) ) Seconds in a week = 7 days X 24 hours X 60 minutes X 60 seconds
=604800s = 604.8x10’s = 604.8ks
() Seconds in a month =30 days X 24 hours X 60 minutes X 60 seconds

=2592000s =2.592x10°s =2.592Ms
State the answers of problem 1.1 in scientific notatidn.
Ans. () 86400s =8.64x10"s

(b) - 604800s=6.048x10°s
(c) 2592000s =2.592x10°s

Solve the following addition or subtraction. State your answers in scientific notation.

(@ 4x107 kg+3x10° kg -

(b) 54x10°m-32x10°m

Ans. (@) 4x10*kg+3x10°kg

=(4+3x10")x10"kg

=(4+0.3)x10"kg=4.3x10""kg

(b) B
54 x 10°m-32 x 10°m
=(5.4x10" -3.2)x 10°m

_ =(0.54-3.2)x 10° m=-2.66x 10°m
Solve the following multiplication or division. State your answers in scientiﬁc notation.
6x10° kg

4 -2
(@) (5x10°m)x 3x 107 m) . - (b IXI0'm’




Ans. (a) (5x10°m)x(3x107m)
= (5x3)x(10* x10)m’
=15x10"*m’
=15x10'm’
=1.5x10'm’

6x10"kg

3x10'm’

6 10° "
= =x=—kgm
T

(b)

3

3
=2x10**kgm™

=2x10'kgm™

Chumerca

Calculate the following and state your answer in scientific nofatlon-

(3x10°kg)x (4.0km)
5x10%s?
_ (3x10%kg)x(4x10°m)
B 5x10%s2
3x4 10°x10°
= X
5 10?

Ans.

kgms™

2 :
gty 0**?kgms™

=2.4x10’kgms™
State the number of sigﬁﬁcant digits in each measurement.
(a) 0.0045m, (b)2.047m, (c) 3.40 m,
Ans. (a)0.0045 m
There are 2 significent digits.

(b) 2.047 m
There are 4 significant digits.

(c)3.40 m
There are 3 significant digits.

©(d)3.420x 10' m
There are 4 significant digits.

( Numerical D)

(a) 0.0035 m (b) 206.4 x 10* m
Ans. (a) 0.0035m=3.5x10"m
(b)  206.4x10°m
=2.064x10°x10*m
=2.064x10*?m
=2.064x10'm

(3x10”kg) x (4.0km)

5><lOzsz‘

(d)3.420x10'm -

et ——— ——————
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fixes:

using correct pre ’ |

Stk (c) 45 x 10'

\write 2) 5.0 % 10 cm

() 5.0x10'cm
T 0x10'x107m =5.0x10""m =5.0x10'm =0.5x10”m = 0.5km

ANS:
(b)  580%10°%g = 58x10'x10°g =58x10"'g = 58x10g = 58kg
(©) 45x107's =4.5%10'x10s =4.5x10"'s =4.5x10 s =4.5ms
op year is 8 unit of distance used in Astronomy. It is the distance covered by light in one ye
':::.’:(ing the speed of light as 3.0 x 108 ms_", calculate the distance. b
Ans. speed of light = 3.0x10"ms™
Time =1 year
=1x365%24x60x060s
=31,536,000s
=3.1536x10"s
To Find distance = ?
Solution

We know that
Distance = Speed x time
-3.0x10*ms™ x3.1536x10’s

=9.4608x10*" ms™'
=946x10"m

kg m™.

Express the density of mercury given as 13.6 g cm3 in

Ans.
Data _

Density of mercury ~ =13.6gem™

To Find ‘

" Density of mercury in kgm™ =1

Solution
We know that

lgem™ =1000kgm™

So density of mercury =13.6x1 000kgm™
~1.36x10'x10°kgm™ =1.36x10""kgm™ =1.36x10*kgm
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A\  ADDITIONAL SLO BASED MCQs

ED PHYSICAL AND NON-PHYSICAL QUANTITIES

What are physical quantities?

(A) Non-measurable quantities (B) Mcasurable quantities
(C) Abstract wdeas (D) Emotions and feclings

Which is a characteristic of physical quantities? '
(B) Numerical magnitude

(A) Emotional value :
(C) Human behavior (D) Social interactions
What is an example of a non-physical quantity?
(A) Mass (B) Love (C) Speed

How are non-physical quantities described?

(D) Tcmpcramre

(A) Using units (B) Using qualitative methods
(C) With numerical magnitudes (D) By direct measurement

What forms the foundation of physics?
(A) Non-physical quantities (B) Abstract conc':cpts
(C) Physical quantities (D) Social behaviors
3 Love

Measurable quantities 2 Numerical magnitude
R

Using qualitative methods | 5 Physical quantities ‘
-4

10.

PHYSICAL AND NON-PHYSICAL QUANTITIES
BASE AND DERIVED PHYSICAL QUANTITIES
INTERNATIONAL SYSTEM OF UNITS

The number of base units in SI are:
(A) 7 (B) 3 €) 6 (D) 9
Amount of a substance in terms of numbers:
(A) gram (B) newton (C) mole (D) kilogram
Identify the base quantity: ’
(A) speed (B) area (C) force (D) distance
Kilogram is:
(A) base unit (B) base quantity (C) derived unit (D) derived quantity
The number of base quantities in SI system is: '
(A) 3 (B) 4 ©) 5 (D) 7
Base unit is: ' ’
(A) Pascal (B) kilogram (C) Newton (D) watt
In S.I system, the unit of mass is: - '
(A) Second (B) Meter (C) Kilogram (D) Newton
Which of the following unit is not a derived unit?
(A) Pascal (B) Kilogramme (C) Newton (D) watt
Which of the following is a derived unit?
(A) newton (B) mole -~ (C) meter (D) second
The unit of volume is: : ‘ :
(A) Meter (B) Force (C) Cubic meter (D) Second

e
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Sl unit of electrie curranL

[Phyucal Quantities and Measurtmﬂm

tis:
(A) sccond B
) AMpere

- (C) mole (D) meter
2
5 7 T~\_K\::)0L 3 Distance 4 Base unit
0 newton 10 CubicNam ] Kilogram 8 kilogram
\L‘lcr 11 ampere
RPN SCIENTIFIC NOTATION
(A) 001 g (B)L,l: the smallest quantity?
. Aninterval of 200ps s ¢ 2 OB (C) 100pg (D) 5000 ng
(A) 0.2s (g;’“ﬂlenl to:
: 0.
3. One giga gram is equal to: 02s (C) 2x107s (D) 2 x 10
(A) 10°g !
(B) 10°
4 Volume of one litre i “qu)-, | ‘O.g (C) 10%g (D) 10°g
(A) lem' B) g
5. Onelitreis equal to em (C) 100cm’ (D) 1000cm’
(A) 102 T—_Jmmi litre, '
1
6. One tera is equal to: ) 0 (C) 104 (D) 105
(A) 107 B) 10"
) 107" 12
oA One mgga is equal to: <) 10 (D) 10"
(A) 10 (B) 10°
10 5
8. One femto is equal to: @ 1 (D) o
(A) 107" 12
9.  Kilo=? P R (D) 107
(A) 10 (B) 10? 3 4
10. One pico metre is equal to: & s
©(A) 10"%m (B) 102 m 6 ©
3 : (C) 10°m (D) 10°m
1. 0.00002g is equal to how many micrograms? | ~
(A) 2.0 pg (B) 0.20
20 pg (C) 20 D) 200
12. 3.3 GHz is equal to: : - = i
(9 .
(A) 3300 x 10°Hz  (B) 3.300x 10°Hz . (C) 3300 x 10°Hz ' (D) 3.300 x 10" Hz
13, 200000ms™' is equal to : '
(A) 2kms™ (B) 20kms™ (C) 200kms™ (D) 2000kms™
14. Mass of water molecule is: |
(A) 6x107g ~(B) 6x107"%g (C) 2.9x10%g (D) 3x107'g
15. Standard form of 6400 km is .
(A) 64 x 10° km (B) 6.4 x 10° km (C) 64 x 107 km (D) 64 x 10~ km
1 5000 ng 2 2x107"s 3 10°g 4 1000 cm
5 10° 6 10 7 10° 8 107"
9 10 10 107m 1| 20pg 12| 3300x10°Hz
131 200kms™ 14 29x10%g [15]|. 64x10°km
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16| SURING \
i 1.7 s § L]
(1.8 R :
1. .]:'f :::‘fl:'n(mnn lnl‘r“r:.“‘ ter (C) 2 meters (D) PONE Of they, ‘
N : !
‘”\n.r :‘\“‘.t el (Y 100em (C) 1000cm (D) 100mm
1 : .
- t':,r :‘_,:T,"m"' ” m“:::n:,‘:,.'m (C)y 00lem (D) 00Imm
4 1he least count of vernicr callipers is:
(A) 001 m (B) 001 mm (C) 0001 cm (D) 001 em
N The least count of digital vernier callipers is:
{A) 00Imm (B) 0.00Imm (C) 0.lmm (D) ime
6. Instrument which is most suitable to measure the internal diameter of test tube i,:
(A) meter rod (B) vernier callipers  (C) screw gauge (D) nteasunng tape
7 A student claimed the diameter of a wire as 1.032cm using vernier callipers. Upto Whay
extent do you agree with?
(A) 1.03 cm (B) 1.0cm (C) lem (D) 1.032 cm
8. L.east count of the screw gauge is:
(A) 0.1 mm (B) 0.01 mm (C) 0.001 mm (D) 0.0001 mm
9. The most sensitive balance for measuring mass of light object is:
(A) electronic balance (B) physical balance (C) beam balance (D) lever balance
10. A measuring cylinder is used to measure:
(A) mass (B) area (C) volume (D) level of a liquid
1. What is the least count of mechanical stop watch?
(A) 0.1s (B) 0.01s (C) 0.001s (D) 0.000ls
1 | meter 2 100 cm 3 1 mm 4 0.01 cm
5 0.001 mm 6 Vernier calipers | 7 1.03 cm 8 0.01lmm
9 | electronic balance | 10 Volume 11 0.1s

X)) ERRORS IN MEASUREMENTS

What is an error in measurement?
(A) Perfect measurement

(C) Accurate reading

What causes human error?

(A) Environmental changes

(C) Reaction delay

What defines systematic errors?
(A) Unpredictable

(C) Human perception

How to minimize random errors?
(A) Compare instruments

(C) Align properly

(B) Measurement uncertainty
(D) Error elimination

(B) Faulty calibration
(D) Consistent readings

(B) Affect all equally
(D) Always large

(B) Take averages
(D) Avoid distractions
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3 What causes systematic erpopy?
(A) Flugtuanons (B) Zero error
(C) Reaction delay (D) Environmental changes

Mcasurement uncertainty 2 Reaction delay AfTect all equally
4 Iake averages 5

Zero error

(LAI'D) UNCERTAINITY IN A MEASUREMENT

1 What causcs measurement uncertainty?
(A) Perfect instruments
(C) Calculation errors

(B) Instrument limits
(D) Reading mistakes

2 What is the uncertainty using a meter rule?
(/}) ‘t 0.: cm ' (B) £0.05cm
(C) £02cm (D) £0.5cm
k) How to reduce uncertainty?
(A). Use IargcT iflslrumcms (B) Take averages
(C) Rely on digital tools ! (D) Estimate values
4 What do significant figures show?
(A) Least 'c'ount' . (B) Accuracy
(C) Repetition (D) Scale size
5 How do digital instruments show uncertainty?
(A) Larger counts (B) Last digit fluctuation
(C) No fluctuation , (D) No uncertainty
1 Instrument limits 2 +0.05cm 3 Take averages
4 Accuracy Last digit fluctuation
1 1M
1. The number of s1gmﬁcant figures in 100.8 s is: :
(A) 2 (B) 3 (C) 4 (D) 5
2. The number of significant figures in 0.00580 is: .
(A) 2 B () 3 (D) 4
3. The number of significant figures in 210.0 gis:
(A) 2 ‘ (B) 2 (C) 3 (D) 4
1 4 2 LN ] 3 4
D) PRECISION AND ACCURACY
1 What does precision refer to?
(A) Closeness to true value (B) Repeatability of measurements
(C) Correct measurement ° ‘ (D) Number of significant figures
2 What does accuracy indicate?

(A) Consistency of measurements (B) Closeness to the true value
(C) Measurement of small quantities (D) Grouping of measurements
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3 How is precision achieved in measurements?
(A) By increasing the least count
(C) By making accurate instruments

(B) By using fewer readings
(D) By reducing significant figures

4 What does a larger number of significant figures indicate? &
(A) Lower accuracy (B) Higher precision
(C) Higher accuracy (D) Less repeatability
5 What happens with precise but not accurate measurements?
(A) Scattered (B) Grouped
(C) Correct (D) True value

2 Closeness to the true value

Repeatability of 3. || By nreasingifg 't‘aal

measurements count |
4 Higher accuracy 5 Scattered \;
—4
1 What happens if the last digit is less than 5?
(A) Dropped (B) Increased (C) Retained (D) Double
2 What happens if the last digit is greater than 5?7
(A) Dropped (B) Decreased (C) Increased (D) Unchanged
3 What happens if the last digit is 5 and the retained digit is odd?
(A) Decreased (B) Increased (C) Dropped (D) Unchanged
4 What happens if the last digit is 5 and the retained digit is even?
(A) Increased (B) Dropped " (C) Unchanged (D) Doubled
1 Dropped 2 - Increased 3 Increased

4 Unchanged
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A physical 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.

Basc quantitics are length. mass, time. temperature, electric current, etc.

Derived quantities arc all thosc quantities which can be defined with reference to base
quantities. For example, speed, area, volume, etc.

Standard unit does not vary from person to person and understood by all the scientists.

Base units of system international are: metre, kilogram, second, ampere, candela. kelvin and
mole. The units which can be expressed in terms of base units are called derived units.

Scientific notation is an internationally accepled 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. ' '

Least count is the 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.

. . - - 4 .
Mcasuremenyts 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 digit in any measurement.

The precision is detemined by the instrument being used for measurement whereas the accuracy
depends on relative measurement reflected by the number of significant figures.



