Accuracy,-precision of instruments
and errors in measurement

The difference between the measured value and the
true value of physical quantity is called the error in
its measurement. Error in measurement may arise
“due to several sources, and can be broadly classified
into two categories.

1. Systematic errors - due to known causes.

Some important causes for this are:

“(a) Limitations of the calibration of the instrament.
(b) Limitations of the method used for measurement.
(c) Personal errors - |

2. Randem errors - due to unknown causes.

It depends on the quahues of the measuring person
and the care taken in the measui'iﬁg process.

Least count error: It is an error associated with the
resolution (the least value that can be measured) of
the instrument. This can be reduced) by using high
precision instrument, repeating the expenment and
find the mean value.

2.6.1. Absolute error

The difference in the magmtudes of the true value |
and the measured value of a physical quantlt} 18

called absolute error.
Ifa,a, ---- ,a_are the measured values of a certain
quantity, the errors Aa, Aa, ... Aa_in the measure-

ments are
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(b) Méan absolute error: The arithmetic mean of all
absolute errors in the measured value is called mean
absolute error.

Absolute error

will always be positive.
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mean n
The value obtamed Ina smgle measurement may be
in the range @pun £ A8pem .




(¢) Relative error and percentage error: The ratlo of
mean absolute error to the mean value of the quannty

being measured is called relative error or fractmna]
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Percentage error = Relative error 100
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Combination of errors -
1. Error ofa sum,ora difference

Let two quantities A-and B have measured values

A+AA and B+ AB respectively. 0
The maximum possible errors inthe sum or differ.
ence is given by AZ = AA + AB.
2. Error of a product, or a quotient
Let two quantities A and B have measured values

A+ AA and B+ AB respectively. When two quan-
tities are multiplied or divided, the fractional errors
AZ _AA  AB

= +

i3 A B
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error in the result is given by = x 100

in the result

Note: If S = , then the maximum percentage

=x><_% x 100 +yx -Z}(—)Q—,xloo-i—zx % x]OQ

2.6.3. Errors in Measurement

(Precision)<— Thatagree < (Measurement) -

with one another '
. have high Y
That give a value

(Uncertainity )<— Always have very close to the
true value have

Roundmg To the right Slgnmcant hlgh
oﬁ number of flgures
' Accuracy
Error in measurement is the difference between the_ N

true value and measured value of the quantity.
ie Error = True value — measured value.

Example Suppose the actual length of an object
=32cm




—

Measured value =3.15 ¢m | :
Then Error =3.2 - 3,15 =005 cm (+Ax)

. Here the error is positive

~ Suppose the measured value = 3.25 cm
Then error = 3.2~ 3.25 = 0,05 cm (~Ax)
Now the error is negative.
These errors are usually assumed to follow the weli
known ‘Gaussian law of Normal Distribution’.
Important conclusions of Gaussian law of normal
distribution. ‘ -

. The prgl?ability of (+Ax) error is the same as the
probability of (-Ax) error. -

—_

[

magnitudes of error.

3, The arithmetic mean of a large number of observa-
tions is much closer to its true value.

Note: Hence we take large number of observations and
take the mean. ' :

Frequency of
occurrence of

TN

 Error (Ax)
-The ‘normal distribution law’ graph

The ‘least counts’, of the measuring instrurnents,
used in an experiment, play a very significant role
in the ‘precision’ associated with that experiment.
Scientists are, therefore, constantly striving to design
instruments, and measuring techniques, that have
better (smaller) values for their ‘least count’!

When we use a meter scale, we can rely on this
measurement only up to a ‘mm’. This is because the
least count of a meter scale is 1mm only. However,

a (simple) vernier caliper, can measure (%O) th of

a mm or 0.1 mm while the use of (usual) ‘screw

gauge’ would measure up t0 (I_OEJ th of a mm or

0.01 mm.

.- Small magnitudes of error are more than lérger |

Most of our experiments require us t0 use the mea-
sured values, of a number of different phy sical q[faﬂ-
titics, and put them in the appropriate ‘formula’, to
calculate the required quantity. We then calculate
the ‘percentage reliability’, or ‘maximum error ", In
our final result: , '
1. By associating a ‘relative error’ - equal to the ratio
of the least count (of the measuring instrument used)
to the measured value, with each of the quantities

involved in our formula.

2. By using the standard ‘rules’ for finding the error

in a ‘sum or difference’, “product or quotient’, ot
‘power’, of different quantities, involved in a given
formula.

We illustrate these ideas - for calculating the
maximum error - through a few examples.

Example 1: Suppose we use a physical balance to mea-

sure the mass of an object and find the mean value
of our observations to be 156.28g.

Since we are somewhat uncertain, about the mea-
surement, due to our instrument’s imperfections,
we need to express this in our result. Let the least
count of physical balance be 0.1g. This implies that
the uncertainty of any measurement made with this
instrument, is % 0.1g. Therefore, we would report
the mass of this object to be (156.3g = 0.1 g). This
implies that we can only say that the mass of the

- object is somewhere between 156.2g and 156.4g.

Example 2: Itis 1'equ‘ircd to find the volume of a rectan-

gular block. A vernier caliper is used to measure the
length, width and height of the block. The measured
values are found to be 1.37cm, 4.11cm and 2.56cm
.respectively. , .
Soln: The measured (nominal) volume of the block is,
therefore,
V=Ixwxh :
=(1.37 x4.11 x 2.56) cm® = 14.4]1 cm®
However, each of these measurements has an uncer-
 tainty of + 0.01 cm, the least count of the vernier-
caliper. We can say that the values of length, width
and height should be written as.

[=(137cm+0.01 cm)
w=(411 cm=0.01 cm) - :
h=(2.56 cm + 0.01 cm) | |

We thus find that the lower limit, of the volume o
~ the block is given by Coe

Viin=1.36 cm x 4.10 cm % 2.55 cm = 14.22 cm?
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This is 0.19 cm? lower than thc (nominal) mcasur ed
Value.

The upper limit can al'qo be cqlcu]atcd' |
Vi ™ 1.38 e x 4,12 ¢m x 2. 57 cm = 14.61 cm_3
This is 0 .2_0 cm® higher than the measured value.

As a practical rule, we choose the higher of these -
two deviations (from the measured value) as the un-
certainty, in our result. We, therefore, should report
the volume of the block as (14.41 cm® + 0.20 cm’).

Example 3: In an experiment, on determining
the den51ty of a rectangular block, the di-
mensions of the block are measured. with
a vernier caliper (with a least count of
0.01 cm) and its mass is measured with a beam
balance of least count 0.1g. How do we report our
result for the density of the block? '

Assume the measured values be: ~ *

Mass of block (m) =39.3g
Length of block (/) =5.12. cm' °
“Breadth of block (b) =2.56 cm’
Thickness of block (t) = 0.37 cm
Soln: The dens1ty of the block is givenby . .

mass . I

p: =

volume ~ Ixbxt

39.3g
5 12cmx2. 56cm><0 37 cm

=8.1037 g em?

Now uncertamty imnm=+x0.1g .
uncertainty in / =+ 0.01 cm
uncertainty in b =4 0.01 cm

~ uncertainty in t==0.01 cm"

Maximum relative error, in the dens1ty value is,
therefore, given by

+.__
P /I b t m

0.01 001 001 0.1
= +. + +
512 256 - 037 39.3

, =0.0019 +0.0039 + 0.027 + 0.0025 = 00353
Hence Ap 0.0358 x 8. 1037g cm™

= 03gem™
We cannot, theefore, report the calculated value of

p (=8 1037 gm™) up to the fourth decimal place |
- Since Ap=0. 3g cm the value of p can be regarded

Ap _ AL Ab AL Am




as accurate up' to the first décimal place onlj Hence
the value of p must be rounded off as 8.1 g cm and_ |
. the result of measurements should be repoﬂed as

0= (81i03)gcm’3 |

A careful look, at the calculatlons done above the'v;

main contribution to this (large) error in the measure-

ment of 0, is contributed by the (large) relative error

- (0.027) in the measurement of t, the Smaﬂest of the -

- quéntities measured. Hence the pmcmmn of the re-

| ported value of p could be increased by measuring ‘¢’

with an instrument having a least count smaller.than

(.01 cm. Thus if a micrometer screw gauge (least

~ count=0.001 cm), rather than a vernier caliper were
to be used, for measuring t, we would be reporting

~ our result for p with a considerably lower degree

of uncertainty. Experimentalists keep such facts 1n -
mind while designing their ‘plan’ for carrying out’
- different measurements in a-given experiment. -



