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M easur ementsand Errors

Accuracy: Closeness of the measured value to the true value is called accuracy
Precision: Closeness of the measurements done with an instrument to one another called
Precision
E.g.: The time period of a second’s pendulumis T = 2 sec
Clock A: 2.10 sec, 2.01 sec. 1.98 sec (Accurate)
Clock B: 2.56 sec, 2.57 sec 2.57 sec (Precise)

Error: The difference between the measured value and true value of a physicdygsi@atied
Error
Typeof errors. 1) Systematic Errors 2) Random Errors and  3) Gross Errors
1) Systematic Errors. These may be either positive or negative.
a) Constant or Instrumental errors: These are due to i) imperfegh &@sl i) zero_error
b) Imperfection in experimental arrangement: In the calorimefmrarent, the loss of heat
due to radiation, the effect on weighing due to buoyancy of air cannot be avoided.
c) Environmental Errors like changes in temperature, pressure Woodyvetc.
d) Personal or Observational errors are due to the improper setting of thetiagpa
carelessness in taking observations
2) Random Errors: These are due to fluctuations in temperature, voltage supply etc .
Accurate value can be obtained by taking a number of readings and finding tmeticithean

of all the readings.

3) Gross Errors: These due to the carelessness of the observer in taking measurementstb@vards
sources of error.

In tangent galvanometer experiment, the coil should be placed in magnetic mpaosit@on

and other magnetic materials should be kept away. Neglecting these precautitoin igross
errors

No corrections can be applied to these errors. Care should be taken to avoid these err

Estimation of errors

a) Absolute Errors (Aa).: The magnitude of the difference between the true value of a physical

guantity and the individual measured value is called absolute error of thanemeant

Absolute error =}True value - measured va|l
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b)

d)

Or |Ady| =[G — | www.sakshieducation.com

Absolute error is always positive. It has the same units as that of the yjoadsured

M ean absolute Error (|a ) : The arithmetic mean of all the absolute errors is called mean

mean|
absolute error (or) final absolute error
Mean absolute error

_|Aa|+|Aa,|+|Aa] +....+[Aa| :%Zn]AaJ
n i=1

Aa

mean

Mean absolute error is always positive and has the same units as heatn&fasured physical
quantity.
Relative Error: The ratio of mean absolute error to the mean value of the quantity measured i

called relative error.

) Aa
Relative error= —m=n
Aa

mean

Relative error has no units.

Percentage Error (J,

a

) : When the relative error is multiplied by 100, it is called.percentage

error g, = (Aam&n ><100] %

mean

Combination of errors

a)

Error of asum or adifference

DIfx=a+b

Let Aaand Ab be the absolute errors in a and b respectively. Let the error ix be
x=a+b

Maximum possible value afx =Aa+Ab

: Ax  ANa+Ab
Relative error— =
X a+b

Percentage errOIA,;X% = K 287 sbjloo} %

X a+
i Ifx=a->b
Maximum possible value afx =Aa+Ab
Relative error, Ax = Aa+Ab

X a-b

Percentage errOIA,;X% = K fa+ sbjloo} %
X a-—
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b)
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Errorsof multiplication or Division

DIfx=ab
) ) Ax NAa Ab

Maximum relative error— =—+—
X a b

Percentage erroﬁ% = (% +A—bj 100%

X a b

. a

mnIf x==

) b

Maximum relative errorg%:(% +%bj100%
X a

Errors of a measured quantity that involves product of powers of observed gstantitie

) If x=a"

Maximum relative error,A—X%:(n%looJ %
X a

aPb?

r

i) If x=

. . AX Na Ab Ac
Maximum relative error— = p—+q—+r—
X a b c

Percentage erro;A,;X% = ( pE + q%b +r Ej 100%
X a Cc

Significant figure: Significant figures in a measurement are defined as the number of digasetha

known reliably plus the uncertain digit

Rulesfor deter mining the number of significant figures

1.

All the non-zero digits in a given number are significant without any regard lmctiteon of
the decimal point if any

E.g.: 4205, 42.05, 4.205, 420.5¢ all have 4 significant digits.

All zeros occurring between two.non-zero digits are significant withguteagard to the
location of decimal point if any

E.g.. 2.002, 20.02, 200.2 all have 4 significant digits.

All the zeros to the right.of the decimal point but to the left of the first nondzgit are not
significant

E.g.:  0.003 in these number significant digits are 1.

All zeros to theright of the last non zero digit in a number after the depmmalare
significant

E.g:. . 0.4200 has 4 significant figures
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All zeros to the right of the last non zero digit in a number having no decimal pomdta
significant

E.g.: 4200 has 2 significant figures

But if the zeros are obtained from actual measurement, then the numiggrifafasit figures in
4200 are 4.

Rounding off

1.

The preceding digit is raised by one if the immediate insignificanttdipg dropped is more
than 5
E.g.: When 4228 is rounded off to three significant figures, it becomes 4230
The preceding digit is to be left unchanged if the immediate insignificahtalige dropped is
less than 5
E.g.: If 4228 is rounded off to two significant figures it becomes 4200
If the immediate insignificant digit to be dropped is 5 then there will be tferelit cases
a) If the preceding digit is even, it is to be unchanged and 5 is dropped
Eg: If 4.728 is to be rounded off to two decimal places, it becomes 4. 72
b) If the preceding digit is odd, it is to be raised by 1
E.g.:. 1f4.7358 is to be rounded off two decimal places it becomes 4.74

Rulesfor arithmetic operations with significant figures

1.

2.

Addition and subtraction:
For addition and subtraction, the rule in terms of decimal places
I) After completing addition or subtraction, round.off the final result to thst leumber of
decimal places (n)
Eg 1): Find the value of 2.2 + 5.08 + 3.125 + 5.3755
Ans: 15.78 is rounded off to 15.8
Eg (2): Find the value of 44.8 — 21.235
Ans: 23.565 is rounded off to 23.6
Multiplication and division
In multiplication and division, the rule is in terms of significant figures

I) In a given set of numbers, notice the number with the leasiber of significant figures

(n) and the.round.off the other number(to+1) significant figures. Complete the arithmetic

operation
i) After completing multiplication or division round off the finadsult to the least number of

significant figures(n)
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E.g.: (1): Find the value df.2x 2.54x 3.25
1.2x 2.54x 3.26= 9.934¢

Final result is rounded off to 9.9

Eg: 2) Find9.27+ 41

9-27_ 0.226097¢
41

Final result is rounded off to 0.23

www.sakshieducation.com



