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" The measurement of a base quantity involves two steps:first,
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for comparing quantity measured
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the measure of that quantity.

An ideal standard has two principal characteristics: it is
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system '
Is in universal use by the world's sclentific
by most nations. The system International (SI) is built up
from three kinds of units: base units, supplementary units

wwmmﬂmm
solid angle (Table1.2).

particle physics which is concerned with the ultimate particles
of which the matter is composed, relativistic mechanics which
deals with velocities approaching that of light and solid state
physics which is concemed with the structure and properties
of solids, but this list is by no means exhaustive.

Science and technology are a potent force for change in
the outiook of mankind. The information media and
means of communications have brought all parts of
world in close contact with one another. Events in one

of the world immediately reverberate round the globe.

We are living in the age of information technology. The
computer networks are products of chips developed from
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The radian is the plane angle between two radil of a circle
which cut off on the circumference an arc, equal in length
to the radius, as shown in Fig. 1.1 (a).

Steradian
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The steradian is the solid angle (three-dimensional angle
Mﬂmmd-_WWMﬂﬂhuﬁn:
equal to the square of radius of the sphere. (Fig. 1.1 b), :

measuring all other physical quantities are
derived from the base and supplementary units. Some
the derived units are given in Table. 1.3, i3

Fig. 1,100)
SCienunc Notatios
Following points should be kept in mind while using units.
()  Full name of the unit does not begin with a capital
letter even if named after a scientist e.g..newton.
. 5 E

(¥) The symbol of unit named after a scientist has
initial capital letter such as N for newton,

it The prefix should be written before the unit without
any space, such as 1 x 10” m is written as 1 mm.
‘Standard prefixes are given in table 1.4,

W) A combination of base units is writlen each with
one space apart. For example, newlon metre Is

written as N m.

(v}  Compound prefixes are not allowed. For example,
1upF may be written as 1pF.

i) A number such as 5.0 x 10* cm may be expressed
in scientific notation as 5.0 x 10° m.

(il When a multiple of a base unit is raised to a power,
the power applies to the whole mu and not the
base unit alone. Thus, 1 km’* = 1 (km)* = 1 x 10" m*.

(i) Measurement in practical work should be recorded
immediately in the most convenient unit, e.g.,
micrometer screw gauge measurement in mm, and
the mass of calorimeter in grams (g). Bul before
calculation for the result, all measurements must be
converted to the appropriale S| base units,

All physical measurements are uncertain of imprecise 10
some extent. It is very difficult to eliminate all possible errars
or unceriainties in a measurement. The error may occur due
to (1) negligence or inexperience of a person (2) the faulty
apparatus (3) Inappropriate method or technique. The
uncertainty may occur due 1o inadequacy or limitation of an
instrument. natural variations of the object being measured
or natural imperfections of a person’s senses. However, the
uncertainty is also usually described as an emor in a
measurement. There are two major types of errors.

(i) Random error (il) Systematic ermor

Random weror is sad to occur when repeated
measurements of the quantity, give different values under
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zeros in

significant. In case of

zeros, the following rules may be adopted.
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456,789 are significant. However,
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zeros may or may not be

significant. For example, none of the

0.00467 or 02.59 Is significant.

significant.
b} Zeros to the left of significant figures are not

a) A zero between two significant figures is itself
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as 8.000 x 10" kg. If the least count Of the sCale
is 10 kg, then the number of significant figures
will be 3 written in scientific notation as
8.00 x 10" kg and so on.

When a measurement is recorded in scientific
notation or standard form, the figures other than
the powers of ten are significant figures.

For example, a measurement recorded as

8.70 x 10* kg has three significant figures.

S

figures as follows. The digits are deleted one by one.

43.75 is rounded off as 438

56.8546  isroundedoffas  56.8

73.650 is rounded off as 73.6

64,350 is rounded off as 64.4
9

Following this rule, the correct answer of the compulation
given in section (i) is 1.46 x 10°,

(i)  In adding or subtracting numbers, the number of
decimal places relained in the answer should equal
the smallest number of decimal places in any of the
quantities being added or subtracted. In this case,
the number of significant figures is not important. It
is the position of decimal that matters. For example,
suppose we wish 10 add the following quantities

expressed in metres,
J| 121 Wy  2.7543
3.42 410
0.003 1273
75.523 B8.1273
Correct answer: 75.5m 8.13m

In case (i) the number 72.1 has the smallest number of
decimal places, thus the answer is rounded off to the same
position which is then 755 m. In case (ii), the number 4.10 has
the smallest number of decimal places and hence, the answer
is rounded off to the same decimal positions which is
then B13m.

In measurements made in physics, the terms precision
and accuracy are frequently used. They should be
distinguished clearly. The precision of a measurement is
determined by the instrument or device being used and the
accuracy of a measurement depends on the fractional or
percentage uncertainty in that measurement.

For example, when the length of an object is recorded as
25.5cm by using a metre rod having smallest division in
millimetre, it is the difference of two readings of the initial
and final positions. The uncertainty in the single reading as
discussed before is taken as + 0.05 cm which is now
doubled and is called absolule uncertainly egual to

+0.1cm. Absolute uncertainty, in fact, is equal to the least
count of the measurng instrument.

Precision or absolute uncertainty (least count) = £ 0.1 om




Fractional uncertainty = %% =0.004

Percentage uncertainty = QEEE% 100 = 0.4%

Another measurement laken by vermiar callipers with least
count as 0.01 cm is recorded as 0.45 cm. It has

Precision or absolute uncertainty (least count) = £ 0.01 cm

0.01cm
Fractional uncertainty = DaSem = 0.02

'

Pmntug-mmryr%ﬂ--tm = 2.0%

Thus the reading 25.5 cm taken by metre rule is aithough
less precise but is more accurate having less percenlage
uncertainty or efror.

Whereas the reading 0.45 cm taken by vernier callipers
is more precise but is less accurate. In fact it is the
ralative measuremant which is important. The smaller a
physical quantity, the more precise instrument should be
used. Here the measurement 0.45 cm demands that a
more precise instrument, such as micromeltreé screw
gauge, with least count 0.001cm, should have been
used. Hence, we can conclude that!:

To. assess the total uncertainty or error, it is necessary to

evaluate the likely uncertainties in all the factors involved in

that calculation. The maximum possible uncertainty or

error in the final result can be found as follows. Thé proofs ’
of these rules are givan in Appendix 2.

4. For addition and subtraction

Absolute uncertainties are added. For example, the
distance x determined by the difference between two
saparate position measurements

=100520.1cmand x, =268 £ 0.1 cm Is recorded as

X=X,~%=10.3+20.2cm

2. For multiplication and division

Percentage uncertainties are added. For example the
maximum possible uncertainty in the value of resistance R
of a conductor delermined from the measurements of
potential difference V and resuiting currenm flow / by using
R = V/1)s found as follows

V=52+01V
/=084 £0.05A

4

The Y.age uncartalntyfor Vis = :ii X 100 = about 2%
0.05 A

The %age uncerainty for / is = YTV e 100 = about 8%

Hence total uncertainty in the value of resistance R when V
s divided by ! is B%. The result is thus guoted as

R = F!}%% =5.19 VA" = 6.19 chms with a % age
3 uncertainty of 8%
that is R=62+% 05o0hms

The result is rounded off to two significant digits because
bath V and R have two significant figures and uncertainty,
being an estimate only, is recorded by one significant
figure

3. For power factor

Multiply the percentage uncertainty by that power. For
example, in the calculation of the volume of a sphere using
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%age uncertainty In V= 3 x % age uncertainty in radius r. _

uncertainty is multiplied by power factor, it increases the
e w::fmm::muﬂ.!hmdlm

sphere is measured as 2.25 cm by a vernier callipers with

-
least count 0.01 cm, then P
' hasad | ISP
the radius r is recorded as 0
r=225+001 cm o
Absolute uncertainty = Least count = £ 0.01 om L ‘)
%age uncertainty in = e :‘m- 0.4% -
225¢cm , 4 ‘ "_L
Total percentage uncertainty in V=3 x 0.4 = 1.2% : A ,_w—-
a4
Thus volume ’H"lui-nr' -
™ o __
--‘;T x314x(225cm)
s
| = 47.689 cm’ with 1.2% uncertainty
Thus the result should be recorded as
- Y=477206cm’ e
uncertainty in the average value of§ o
many measuremaents - g0

()  Find the average value of measured values.

(i) Find deviation of each measured value from the .
g average value,  Some Spacific Temparatures

()  The mean deviation is the uncertainty In the

average value. :

For axample, the six readings of the micrometer
screw gauge o measure the of a wire in
mim are

1.201.22,123,1.19,1.221.21.

13

Average = 5

~ =1.21 mm

The deviation of the readings, which are the difference
without regards to the sign, between each reading and
average value are 0.01, 0.01,0.02, 0.02, 0.01, 0,

00

Mean of deviations = 2:01+0.0140.02+0.02+0,01+0
3

=0.01 mm

Thus, likely uncertainty in the mean diametre 1.21 mm is
0.01 mm recorded as 1.21 + 0.01 mm.
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The uncertainty in the time period of a vibrating body Is
found by dividing the least count of timing device by the
number of vibraions. For example, the time of 30
vibrations of a simple pendulum recorded by a
accurate upto one tenth of a second is 54.6 s, the period
5468 _

0.1s _
ap - 182 s with uncertainty "

g

I=

?

muﬂt : wn Thus, period T'is quoted as 7= 1.82£0.003 s
Hence, it is advisable to count large number of swings 1o
reduce timing uncertainty. |
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Similarly the dimensions of acceleration are
(a)=[LHT?) =T
and that of force are
[Fl={m][{a)=[M][LT7])=[MLT?

Using the method of dimensions called the dimensional
analysis, we can check the correctness of a given formula

\
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reasonable time standards.
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Why do we find it useful to have two units for the amount of substance, the
kilogram and the mole? >
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division is tmwmumumu m, (if) 0.21 m (iii) 0.214m.Whichrecord
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analogous statement can you make regarding mm data used in a
mmummumwamm wwﬂm
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that may appear in an algebraic expression? Explain.

mnwﬂm Pressure (ii) Density :
mw; of a wave depends on the speed v of the wave and its frequency
f. Knowing that

=L}, - | 'li'l'[l-'-'”I - and [1]=[T"]
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m
A light year unmmmﬂmmwmmmwmm
mm'fnr (speed of light = 3.0 x 10°ms ).
(Ans: 9.5 x 10*m)
a) How many seconds are there in 1 year?
b) How many nanoseconds in 1 year? .

) How many years in 1 second?

[Ans.(@)3.1536 x 10s, (b) 3.1636x 10"ns () 3.1 x 10" yr]
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g o cree (Ans: 196 cm®)



