GIRLS' HIGH SCHOOL AND COLLEGE
2020 - 2021
CLASS -11 A&B
PHYSICS
WORKSHEET- 01
Chapter- UNITS & MEASUREMENT
Topic — ERROR ANALYSIS

INSTRUCTIONS: Parents kindly instruct you ward to visit the
websites https://physicsabout.com

https://www.animations.physics.unsw.edu.au
https://www.wikipedia.org
https://physics.unc.edu

or any other relevant site

or refer Nootan ISC 11 Physics-11 by Kumar & Mittal (Nageen
Prakashan) or Physics -11 by DK Tyagi( Balaji Publications) to
answer the following questions on the given topic.

NOTE: The child should go through the subject matter thoroughly before
answering the questions that follow. Students you should also go
through your class 9™ & 10" books for significant figures and order of
magnitude concept. Go through the following information first-
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extremely low e inrervals.

B Acouracy and Precision
It common language the phmases accuracy and precision convey akmost thi sme meaTiing Inn in st
e i§ not tNue; an nstrument may give precise measarement bug i can be gquile inacourime o the say,
pime. To understand the distinction between these two very closely related terms 16 s fake an examy
in which a person is doing shooting practice and i pllowed 10 shaod sk bullets aiming sl "Balls eve'
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In Fig. # a , the show hit the mrget frame (n the outer drcle and are scattered widely with fresped o
each other. Hence it is o case of poor precision and poor accuracy. In Fig. 9 b, the bullet marks are b
the outer circular region sway from the targer b are clusrered in o very small region. Thus, i 5o as
of poor accuracy and high precision, Further in Fig, 9 ¢, although the buller spots ore scamered wide)
with regpect to cach other, yet these spots are in the intecnal cireular region, very close w the Bull
eye {the target) therefore, it is a case of poor predsion and high accuracy. And finally in Fig. 9d, t
spots are dustered with respect to eack other and simultaneoisly these are very close to the "Bulls ex
Therefore, it is & case of high precision and high accuracy
To sum up It can be zaid, char “rive exiens zpro which on chserved valtie dgrees with rhe e value o)
quieneity [s known as (05 eccunacy™
And the imtrument which gives repeated readings close to the e value of the physical quaniaty unde
consideration, is an accurate instrument, On the other hand the predision of an observed valoe wlbs®
what resolution the quantiry is measured. Thus, the measured values which are very close 1o cach o
(msay of may not be close to the true value) are precise values and an instrument which gives a g
cluster of repeated resulrs is & precise instrument.

More about Accuracy and Pracision

The sccurscy of an instrument depends more an systematic errors (for example calibration emar. 27

EFfor efe.) present in it rather than some other factors. Therefore, it can be improved by ne.calibrai®

”bﬁ'w’mﬁmm-mﬂwﬂwmmﬂcrhmt:m.

Thus, aa error gives the indication of accuracy. On the other hand precisiun depends on the i

emors. Therefore, it can not be eradicated, Mmhmmpm“ijmhmamﬂﬂﬂ

ﬁﬂﬂﬁmﬁsm-ﬂm precision gives the indication of numbes of significant figures in 8 ms o
czampie, let the true length of & rod is 5.346 cm. An experimenter 'A' measures the length of the

ls5ing 8 mexre scale of least count (resolution) 0.1 cm and measures the same as 5.3 cm. Further,

experimenter ‘5’ measures the af Jeast oo
DmMmﬁmmmﬂ’m“""m““ﬂ the help of & vernier callipers



- Errors In Measurement

i B the measuremenis tzken during an experiment in the laboratory, two tyoes of erors are present;
errat - of ﬂbﬂrﬂfﬂbh and error present in the insrument. Mo measarement is perfecaiy am“m.
whatsoever precise the Instrument may be and whatever precisely (e observation is taken, Uncestainty
. of measurement is technically called as ‘e, Error is always expressed in perceniage. o
Y dwﬂﬂ I physical quantity, we have 10 measure various quAntities, which are related with that
piaysical quantity by a formula, For example, 10 determine the density (a) of 3 metal block, we have to
measre it mAss (m) and its volume (1) which are related to p by o formuls p= m / V. The acouracy in
the vakie of p depends upon the accuracy of measurements of m and V, Measurement of these quansities
invotve ermors which are of owa types
[a) Systematic errors, end (b) Random errors,
() bywtematic Emen | These errors accur constantly in an experiment repoated under idensieal conditions,
These errors come into exissence by vimue of 4 definite nide Therefers, oace the rule which FOVETHS
these ¢T7ors, 18 identified these errors can be eradicated by applying proper corvections 1o the result
ohtaimed. These can b further subdaesified as follaws -
(i) Instrumental Errors : Thess ervors are due 10 sherteoming in the instrumen like error due 1o
defective alignment of the instrument, zero ermor in 2 vemier eallipers, screw gauge and spherometer,
backlash erroc etc.
Tt should ke moted here that sometimes, wrong chaice specification of an instrument becorres the couse of an
E7TOT N @ AMrEasyrEment.
Fos example, 2 low resistance volimeser vields a wrong result if connecred acrass a boad (a high resistance)
(4} Error Due to Imperfeetion : This ermor oocurs dus 1o some imperfection of the appirans used
in e experiment. Por cxample, in heatr experiments the fass of heat due (o radiation s an unwanied
paenomenon. However, gond the insulation may be, some hieat is likely ro be lost by radiation.
(i) Gross Errors : These are the errors introduced due 1o casual approach of the experimenter, such is
improper adjustment of the experimental setup in observation par and computational mistakes etc. in
deduction part. Mereover, these érrors can be avoided by careful working.
(k) Random Errorm 1 These arise due to (i) small changes in the conditions of the experiment and
() Imcorrect judgement of the observer in raking readings.
Examples ; {i) In finding the null paint in the metre bridge or the potentiometer experiment, if we
take the readings of the null poine thres or four tmes, we notice that there are small variations in the
readings. This is an example of random error. It may arise dus to change in conditions of the sxperiment,
such ag the heating effect of current or fall in e.m.£ of the cell.
(i} Suppose we are measuring the weight of a body by a spring balance. Then there may be an error in
assesing the correct pasition of the pointer on the seale; it may lie bebwesn two eonsecutive markings
on the scale. Soch an errar due o incorrect judgement of the ohesrver is alen calied mndom ermos.
The exacr cause of random srrer cannot be traced,
Mathad of Minimising Random Errers | Random error can be minimised by taking o large number of
readings of the same quantity, Then it is very likely thar the majority of readings may have small ervors
which might be positive or negative. The error will be positive or nogative depending upon whether the
observed reading is above or below the correct value, Thus, random error can be rrinimised by taking
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the arithmeric mearn of a large number of readings of the same quantity. The mean will be VY ey
to the cormeer value. f one or peo observations differ widely from the rest. thisse should be rejeciag whi

taking the meiit. ;
Method of Expressing the Error : The error essimated in the measurement of a physical QUARLRY cay

expressed in folivwing ways :
{a) Absclure error
(b} Mean absolute eror (oF mean erro)

{c] Fractional or relative error

(d) Pereentage errox
The methods of calculating the error in above wavs are described below

(a) Absolute Errar : The difference between the true value and the measured value of the physic,
quantity is termed as the absolute error in the measurement, f.¢..

A = @~ O meagyreds
where a represents the true value of the mieasured quantity The absolure errar has the SEMIC UNit a5 thy

of messured physical quantiey.
(il '-"-I’hen true value i not given and a single measured value i Biven, then abesolute error in measun
fquantity a is given as
Ag = least count of measuning instrument.
For example, if the messured value of kength of o peneil is given as | = 10L8 cm. then absalute Erar i

measured length
Al = 0.1 em.

Lit) When true value is not given, but a number of measured values @y, @y, dy, .., a, are given, then de

trite value o is ftaken as the mean of messured values, fe.,
-!T]-rﬂ: -|23 =k dy

o= 0 ean %

The absolute error in cach messurement js thea dewermined as

Ady = Gnegn ~ Gy
[B) Mean Absolute Error or Mean Error : The arithmetie mean of absolute errors of the differed
measurements is called as mean emmor
Ty I.i!l. + Iﬁ e Iﬂ- i
Messn ermorn, Ag = ay agl + i |

it

e i=n
ar A = ;' ¥ laagl
=1
It should be noted thar while calculating mean error, the errors in different observations should &

considered with positive sign only, whether the error is positive or negative. g
Ic} Relative Error or Fractional Error : The ratio of the mean absolute error to the true value of

measured quantity is known as relative or fractional error.

Thizs, _
ﬁ:cﬁnnilerrmw%
[
{d) Percentage Error : If the fractional error is multiplied by 100, then we get what is known &3
Tﬂmm
““ —

mm:%xlm



Units and Measurements | Error Analyss ang Significant Figures

s N
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may lie betwest d+ Ad, and 0— Ag. Thus, the resulr B e pressed as 0= Rp, i Ao o o e .
limit of error. For example, if the lengrh of the obyoer i recarded i &5 alisn bno gs

02, 2.00, 301, .03 4nd 3038
then we can express out the result a3, 3.02 + 0.01 om, Theretore, the result bas an vernr i ruL:nf
H F uLL J

& 0,01 cm or perceiage errar in the messurement i ;E_l % 100 = (.33%,

- Least Count of Measuring Instruments : Accuracy in Measureman

The quality of a measuring instrument is recogiiised by its least count, The beast couns af
fetrument 5 the smallest quancity which ¥ is capable of measuring. For example, the least eount of
an ordinary scale is 0.1 cm, that of a vernier callipers is 001 cm and that of a screw gauge and a
spherdrmetes & 0.001 cm. A good instrument should have as small 2 least count as possible.

Accuracy | Inspite of elimination of random and systematic errors, every measuremenr has & certam lmi:
of securacy depending upon the least count of the measuring instrument. Suppose 4 length mensured by
a metre scale B 24. 7 om- The maximum uncertainty in this measurement may be = 0.1 em (which s the
least count of the metre scale). It meand that the error in the measurement is 0.1 in 24.7 or the fractiosal
error is % 1 OF the percentage error is %15 « 100 = %’5‘1 = 0.4%

IfAx be the error in 8 measerement x, then

a !T'.-nu:'.:lnng

Ax
PErCEnlAgE Brrar = 55 = 10,

Suppose, in an experiment, a physical quantity S is determined by measunng three quantites x y and =,
which are measured by different instruments. 5 may be related with x, y and z in the following manner:
5« (0 0F (21"

o =k @

where k is a ongtant and g, b and ¢ are powers. Let the expected small errors in the measurement of the

quantities x, ¥ and g be respectively + &, + &y and + &2, o that the error in § by using thess messured

quangiries is + &5, The numerical values of &x, & and & are given by the beast count of the insmements

ased to measure them. Now, to caloulate the error in the value of 5, we take logarithim of both gides of
- ghove equarion. Then, we have

logS=logk +alogx + blogy - clogs.
By partial differentiztion, we have
E - ﬂq.ﬁitq. ha_'r_fE.
5 ] £

‘Here 35 represents the expectad error in the value of 5, The values 5x, 5y and 5= may be positive or
negative. It is posgible that the signs of the errors be suel thar they affect the result in the same manner.
Inthis condition, the fractional error 8575 in the wabue of § will be maximirm, Forexample, if in the above
exampie ix and &y be of positive sign (+) and Sz of negative sign (=), then in the above equation all
:'ﬂy'f.tu_nunfdghhhmd-ﬁd! will be sdded and e value of 5505 will be maximum. Henee the maximem
&xpacted error in the value of 5 s

LY "
I IELD-FE-PHE-‘-EE
g x ¥ &
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The maximum expected percentage error jn the value of 5 ic
Fmr x 100 = lrugr]ﬂl}j —a-ml]] '-'—-l'DLI'

This iz the maximum percentage error which may arise duse to the limit of accuracy of the -

Instruments used in the experiment. This is called ‘permissibie error’, If the percentage erar 15 the iy

of physical quantity determined by an experiment is greater than this, then i will be assused mlihu
i carebessness on the part of the stedent or due o some sncontrodied condlgione,

B Combination of Ervors

When a number of quantities are involved In the final crlculation, then emors associared with
measurement of all quantities will affect the end result, In this way the error in the final mgu]t%

I.l:pﬂﬂ

{i} The ermor in the ndividual measurement,

(i) The natire of the mathematical operation done on rthem o arrive at the final resul,

We therefore, need rules for cakculating the comhbined error associated with different mathemar
operations; which are as under

(a) Sum and Differance | Suppose limiting errors in two physical quantities x and v are, 4 Ar o
T Ay respectively and,

E =.'||:'+I;|.I

Further let, limiting efror in the sum zis + Az
then, ErAX e (x = AX)+ (¥ £ AY)
or EAE = tAXE Ay
Thus, the meximum possible error in 1, is given by

' Az = AX + AY
Corsider, e the difference.
Let, E=5-Y¥
r £t Az = (x:Ax)—(y £ Ay)
therefore, tAs =xAX F Ay
The maximam possible error in 2, A% = Ax + Ay
Thus, when two quastities are odded or subtracted dhe limiting errorin the final result is the swm of dm
errors in the quantities invelved,
(B} Product und Cueotient @ Le, E=XY

siAr =z Ax). fy £ ay
=XY 2 X Ay L ¥-Ax + AX-Ay
Ehn!.ﬁ.\' f ie very small compared to the other terms and 10 it s neglected.
ths mtx. Ay ¥y Ax
n-hld.ln:hnhﬂdﬂbfl{_;y},mhnt
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And the percentage e, :
i = 10 = EE-I-::l'---"-':-l'-'il:ﬁl
g , X J"J

Consider naxt the guonient dnasim,

X
£ ==
Let ¥
ﬂ:tﬂﬂr:‘”m:':-\'*-‘ﬂ-"‘-'[fiﬁ.'ﬂ'?ll
¥+ Ay
-1
: x Al -1 Ay
or 24&S—IEI*-E—.:_'I-' {l'."r.]

Exparding with the help of ‘Binomial thecsem' and neglecting higher powers aof ? wi have |

31&::%{] :ii][mfft-..l

Thus 11%=]t

the lagt term is srall compared to other terms, so it is neglected.

Thius, madmum possizle ermor in =

Az
H

oy
max X 14

end, therefore, the maximum percentage error in g

EL-:1M-{£+£]:1M
z ¥

Thue wher iwo quantities are meltiplied or divided, the fractional error in the final result is the sum of the

fractional errors in the quontities to be multipfied ar 10 be divided.
Alternative 1
Let, E =Xy
taking logarithm on both sides,
logz = log x + log ¥

On differentinting partially, we kave,
oL R
E X J‘
and in quotient
Let _|-1.-.'E
¥
taking logarithm on both sides,
logz =logx~-logy
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_ ) A Y %
On differentiatimg we have,
L]
Therefore, the maximum possible ervor in s
Azl Ax AY
L II'I'IIT.'I' X ¥
(c) Power of a Measured Quantity :
Let., g ="
taking logarithm on both sides,
logz = mlogx
- o AZ L8}
Difterentiating i —
2 v
and the percentage error in =
AT Ax |
--I-lﬂﬂ—m' | = 100
L% LW

After going through the above subject matter thoroughly you can now
attempt the following questions :-

Q1) Define error.
Q2) Differentiate between accuracy and precision.

Q3) Name the different kinds of errors that can be incurred during
measurement.

Q4) What are systematic errors? Give its types with proper examples.
Q5) How can random errors be reduced?

Q6) What is order of magnitude? Find order of magnitude of-

(i) 2.32 x 10"* and (ii) 4.56 x 1072 .

Q7) The radius of hydrogen atom is about 0.5 A. Find the total atomic
volume (in m®) of a mole of hydrogen atoms. What is order of magnitude



of this volume?

Q8) A laser beam aimed at the moon takes 2.56 s to return after
reflection at moon’s surface. Find the radius of the lunar orbit around
earth and give its order of magnitude.

Q9) While measuring the length of a wooden block 5 readings were
taken which were as follows- 4.53 cm, 4.53 cm, 4.52 cm, 4.51 cm,

4.53 cm. What are the absolute errors in the readings? Also find the
mean absolute error.

Q10) While measuring the thickness of a measuring cylinder using
vernier the mean internal diameter was 5.25 cm and mean external
diameter was 5.68 cm. What is the thickness of the cylinder?

Q11) What is fractional error and percentage error?

Q12) The thickness of a coin as found by a screw gauge was 0.259 cm.
Find its fractional error.

Q13) Several observations made in an experiment of simple pendulum
by a student for its time period were as follows-2.63 s,2.56 s,2.42 s,
2.71 s and 2.82 s. Find (i) mean period of oscillation, (ii) absolute error in
each reading, (iii) mean absolute error, (iv) fractional error and

(v) percentage error.

Q14) If percentage error in measuring the side of a cube is 3% then find
percentage error in measurement of its volume.

Q15) The error in measurement of diameter of a sphere is 1%. What will
be the percentage error in its calculated volume?

. A'B’s . .
Q16) Given Z =—3/ , Where A, B, C, D are measured quantities. What is
CD"2
the maximum fractional error in Z?

Q17) Two students measure the length of arod as 2.5 m and 2.54 m.
Which measurement is more accurate and why?



Q18) The measured lengths of two rods are recorded as (23.8 £ 0.2) cm
and (15.3 £ 0.2) cm. Write the sum and difference of the two lengths
with their correct error limits.

213

Q19) A physical quantity S is given by, S = a\/ba‘ If errors of
C

measurement in

a, b, cand d are 2%, 5%, 3% and 4% respectively, find the percentage
error in value of S.

Q20) The centripetal force on a particle moving along circular path is
2

given by F = % The mass (m), velocity (v), and radius (r) of circular

path of an object are 0.5 kg, 10m/s and 0.4 m respectively, then what is
the percentage error in the centripetal force?

v E N D***



