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’ Precise and accurate measurements

Introduction

One process which can be considered responsible for evolution of modern science, mathematics,
and technology is developments in measurements. Any quantity for which a measurement systerm
could be developed led to expanding our knowledge about the world and also led to new tech-
nologies.

Measurement, as simple a task as it may seem, gives us somne values. These seemingly simple val-
ues carry a lot of information in them. In this Learning Unit, we are going to explore some details
which are applicable to any measurement process through exploring measuring devices and the
measurement data collected.

Task 1. Creating scales: Multiplying and Dividing
Imagine you do not have any measuring instrument handy with you. Can you compare the two
blocks/objects in the diagram below?

Q1. How will you make the comparison? Can you say which one of them is taller and which one
would weigh more? How did you make these conclusions?

By obaerving.
You might get some information about the objects being compared, with reference to each other,

but we don't know the exact height or weight of the objects. To have this information, we will have
to measure these quantities using some measuring instrument,

Q2. Describe what you think ‘measurement’ is, in your own words. Also, what exactly is it that we
do, when we measure any quantity?

Now, suppose we want to measure the dimensions of a cuboidal object (i.e its length, breadth and
height). For simplicity, we can try measuring the dimensions of a book. But you can also choose
any cuboidal object of your choice eg. matchbox.

To measure its dimensions, we will need something to compare the lengths as before, such that
the values obtained by comparing the cuboid object are multiples of that something. And this
something could be anything that has a straight edge!

Q3. Can you think of some objects, other than a ruler, that we can use? What obvious feature does
this object needs to have, to be able to measure the dimensions of the book?

The object that you decude to use for measuring the dumensxons of the cuboid, will be your
reference for making @ measuring instrument. You can use an eraser, a pen cap or any other
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Table 1; Measuring cuboig objects using tke new scale
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asic 2t Limits of a Measuring instrument
in the previous task, we pr
Prepared our own length measuring instruments, i.e. the scale made out

of eraser units, and go iliari i
il mé o got familiarised with some of its properties. These properties have sOmMe
gnated to them. Let's see what they are called

Consider any instr
i y ument, note down the value of the first marking and the last marking on it, that
will give you the range of that instrument.

Here, we are ingi . .
B .NOtltallkngUSt about the maximum measurement of the instrument, but always
[ a certain minimum to a certain maximum, i.e., from 050 to_FSU .

Q8. What is the range of the scale that you had made in Task 1?
__OShpupenen Unit to 7 bhanpenes Onit.

Q9. With repeated measurements one can measure any higher value, e. g., to measure 42 c¢cm, one
can use the 30 cm ruler once again. So then, what is the range of the ruler?

Q10. If the quantity we need to measure exceeds the range of the instrument, do you think we can
always take repeated measurements to measure that physical quantity?
Yea

Q11. Why does one need to know the range of an instrument?

& .5094 Am;}xg j‘lqo@;l-nﬁmq»

Consider any instrument, and note down the smallest value it can measure, that will give you the

least count of that instrument.

Least count of an instrument is the smallest change or difference in a value that can be reliably

measured using that instrument, such that all the readings recorded are multiples of this

value.The smallest value indicated on the scale of an instrument (mostly zero) is not the least

count.

Q12. What do you think was the least count of the scale that you prepared in the task 17
180

Q13. What do you think would be the least count of the 30 cm ruler we generally use?

0.1 amn

Q14. Why does one need to know the least count of an instrument?

fas meahlmrna Jhe n[‘wa,(‘xa)@{l. any obj'e’(‘i.

Now, that you know the terms least count and range well, look at some common measuring
instruments that you can find and fill the following table.

Sit: Instrument Measured Unit Least Count Range
No. quantity
L Sale leng+h om 0\ om 0cm 40 30em
%
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fable 2: Range and least count of various measuring instruments

Task 3; Measuring time
Have you seen an old ‘Grandfather clock’, which h

and forth continuously i.e. oscillates. Have you wondered how much time it right take for that

suspended oscillating object, i.e a pendulum to complete one oscillation? Let's make a pendulum
and try to observe that,

as a suspended circular object , which goes back

Take a string/thread and tie a small but heavy object (eg. an eraser, potato
Keep the length of the pendulum |
Tie the pendulum to a stand.

, etc.) at one of its end.

from point of rotation to the centre of heavy object), say 50 cm.

Now, you need to measure the time it takes for one oscillation. What measuring instrument will

you use to measure the time period? How will you accurately record the starting
oscillation of the pendulum?

and end of one

Q15.1s there any similarity in how you did length measurement and time measurement?
¢ ]
L( ,:b/m e _An(r il
,_ N (7 L.V _‘.6’ /1

al s
J

Q16. Was your reading the same as the other groups? Was there any difference? If yes, what could
be the reason? What can be done to minimize this difference?

)@( \Ysaaal) 'lﬂ’ﬂ_lhﬁm,ce, ,A'/n Wlﬂ}‘ug/q‘(%/(

M@ib_diégzb_mz_c%jm@a d.

To have more reliable measures, an average of multiple readings can be taken.

Task 4: Repeating a measurement and variations obtained

In task 3, we noted down the time period for the pendulum we made. For reference, some more

readings taken by student 1 and student 2, using a pendulum with same length of 50 cm, have been
given below. Add your readings to this table in the last column.

Now, let's take a look at the data given below and try to analyze it.

Time taken for 1 oscillation Student 1 Student 2 Your
(ins) (in s) (ins)
t 1.40 1.44 1.38
& 1.40 1.40 =89 1.uz
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B T =
L A ﬁ 1.40 1.42 138 —‘
i ] -
t
1.40 1.40 | g 1-47
t, ’ N
1,40 1.43 ‘ 4=22 1.44

Ta : i .
ble 3: Experimental data for time period of a pendulum

Q17. From the table, what can you say by looking at the value s? Who do you think amot wsr

.‘»Ul(lenls l L‘]nd P('l r()llll(‘(‘ lh(_\ CXI“‘[”“(‘”' \V(‘]l ‘“](I \,\/hy 4 I[(l\/v d()( 3¢ y AT flv” 1 COMm !J!H(‘ (‘/H“ { "|f‘H 5 ¢
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CComAl g Ol &Qh}\ﬁ% )@99)L

In the pendulum example, you might have noticed many wrn(l, n,('i by peers including correct,
precise, perfect, accurate, to the point. Let us consider some more situations before we explore what
meaning these words have

Q18. You buy 500 g potatoes or tomatoes. Then you are buying a silver ornament which is weighing
20 g. In which case you would be extra careful about correct weight?

ﬁW% of

Q19. You need to cut a 2 m long plank of wood to make a sitting bench in a park, versus you need

to cut a 2 m plank to make a door which need to fit in already fixed frame in a wall. In which c
you need to be extra careful in length measurement?

L hotd 4o be evioa. CA%_LAALQ m Qm ‘O,OA/Y\.JQ*B'
JMMM@&ZUM

Variations in multiple measurements of same object

Q.20 A lady purchased a payal (a feet anklet) made of silver from a village goldsmith, which
weighted 21.3 g. She paid to the goldsmith for that mass of silver. But after coming out of
goldsmith’s shop, she double checked the mass from a different shop in the village where it

weighed 21.4 g. She then went to her home in a citywhere goldsmith in another shop weighed the
payal and the mass was found to be 22.1 g.

Why do you think the mass of the same ornament was different in three different shops. How can
one decide what is the correct value of mass?

dorice are s Rt

The variation in multiple measurements of same object is understood using two ideas: precision and
accuracy.

A classic way of demonstrating the difference between precision and accuracy is with a dartboard.
Think of the center (also known as bulls-eye) of a dartboard as the true value. The closer darts land
to the center (the desired or true value), the more accurate they are.
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€asurements/measuring equipments. In many case low
precision measurements are also okay. Suggest which order of precision would be needed for
following measurements:

1) Amount of water to be given to a health
2) Carrots to be purchased for one family’

ty person for drinking: +100 mL, +10 mL, +1 mL, 0.7 mL
smeal: 100 g, +10 g, +1 g, +0.1 g

hair: £10 cm, £1cm, £0.1 cm, 0.01 cm

+0.1 g, +0.01 g, 0.001 g

5) Time taken by a train to travel from one station to next station: + 10 min, + 1 min

3) Height of wood pieces to be cut forac
4) A pair of gold earrings: +1 g,

, 10 sec, +1
sec

6) Length of inside box of a matchbox to fit inside outer box +£0.5cm, 0.2 cm, £0.1 cm, +0.02 cm
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B« pividing a unit into subunits-

. The Vernier's method (extended
ﬂctivlty

need five pieces of the following shapes. Choose total length of
the scale (say 10 cm or 15 cmor 20
Procedure;
Choose a length (end-to-end) for the vernier caliper (10 cm/15 cm/20 cm) & accordinly draw the
parts labelled A and B on a card board/card sheet/paper. Cut them alon
of the cardsheet

g the outer border and out
carefully. A will be our main scale while B will serve as the vernier scale.

After cutting out the shapes, lay part A over part B, such that the dashed lines of both the parts are
aligned with each other.

Along the bottom horizontal line of part A, make markings every 1 cm, where the dashed line
marks the '0" of the scale. Also add length values as 1 cm, 2 cm, 3 cm and so on on the scale,
Similarly, along the bottom horizontal line of part B (with the dashed line marking the ‘0’ of the
scale, along the edge of the main scale drawn on part A, when it is kept over part B), make

markings every 0.9 cm with a range of 9 cm numbering each of them as 1(at 0.9 cm), 2(1.8 cm),....
T3
l‘ A
S

e JUISAOCm .
!

|

L

When the instrument(calipers) is closed or making zero measurement, the “0" marking on the
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main scale as well as the vernier scale exactly coincide with each other. The “0"th marking on the = %
vernier scale is essentially the starting point of the vernier scale.

You can notice that the first mark on the vernier calliper is 1/10th ¢m or 0.1 cm short(to the left) of
the first mark on the main scale. Similarly, the second marking on the vernier scale will be 2/10th
cm short(to the left) of the second mark on the main scale, Similarly, the 3 is 3/10th cm short and
8™ is 8/10™ cm short of the 3" and 8" marking on main scale respectively. The 10™ marking on the
vernier will be 10mm or 1 cm short of the corresponding mark on the main scale and aligns 1cm
to the left of the 10 cm mark on main scale i.e., coincides with the 9 cm marking on the main scale
Therefore, there are 10 divisions on the vernier scale for 9 divisions on the main scale, thus
separating them by an interval of 0.1 ¢m.

Let's understand how this small displacement/misalignment of the markings on the two scales
helps us to make fine measurements. Suppose we need to make a length measurement of an
eraser of 3.5 ¢cm in length. We need to slide the calliper to the desired length. The zero on the
vernier scale will be ahead of the 3 ¢m mark on the main scale, which will be the main scale
reading. To complete our measurement, we need to know the gap between the 3 cm on on the
main scale and the coinciding division on the Vernier scale. The amount by which the zero on the
vernier scale is ahead of the 3 cm mark is 0.5 cm, which 5 mm.

The first mark on the vernier scale which was earlier short by 0.1 cm will now be ahead by a net
distance of more than 3 cm from the zero mark on the main scale and will not align with any
marking on main scale, Similarly, the second and third mark on the vernier scale will move ahead
and won't align with any marking on main scale.

However, the fifth marking on the vernier scale which was 0.5 cm short will be 0.5 cm ahead and
coincide exactly with the marking on the main scale. The coincidence can be visually seen and
noted by an observer. Thus, the total length of the matchbox will be 3 ¢cm (which is 3 main scale
division) + 0.5 cm (Vernier scale division) = 3.5 cm.

Thus, the instrument with a main scale least count of 1 cm or 0.1 mm along with a vernier scale
could measure upto 0.1 cm which is its least count. It is thus only logical to have a vernier scale
which has even more closely spaced graduations to increase the accuracy.

ARy, % TR e )

Image 2: Measuring length of an eraser using Vernier Caliper
In the above image, the 5" division on the Vernier scale is seen to be coinciding, there is no gap

here. The gap of our instrument (where the eraser's length fits) is the gap between 3 main scale
divison and 5 Vernier scale divison, i.e. 5 mm or 0.5 cm.
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