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[11 Introduction to Physics |
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Phgsiﬂcs:

(14

Physics deal with 4he study
ot wmatter and energc and the
refationshi between them.

Phgsfcs 1S

| the most Fundamental @Q% all sciences and

&
provides other br%igé@@ of science , basic
principals  and ndornen{o\ laws . Physics

‘ gove neN fOﬂChES OF Sc?ence .SUCh as

physical chemistry. ;. biophysics astrophysics
health  physics engineering, ~and  electronics etc.

Areas of Phg SICS:

Qre

Areas of Physics

Shown In table . Mechanics

Heat and Thermodynomics
Electromognetism

Optics
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Nuclear Phg sics: Sound

It deals

Special relativity

with afomic nucler . General relotiVitg

Q@Quantum mechanics
Por{icle PthiCSi Rtomic Phgsics
o S T e e |

: Molecular phusics
This  branch Fi o0

Nuclear physics

of PthiCS deals with he Solig- state ;‘)hg Sics

! elementary particles .

O S W gy R By

properties and behaviour of Pdriue GPtics

Superconductfvifg
Super F'luiditld

Relotivistic Mechanics: Plasma  physics

o deols il mls T S eieh g

s opace phusics
velocities Qpproaching 1'@%)6 :

Speed  of light (c @m ms' ) . g pakcity.org S

%5 _
Interdiscipl inary

. |
Solid S‘l‘.ﬁ PthiCS: areas of physics
ASfrothsfcs '

This Biophysics

Chemical physics

oranch  of physics ™  deal, - with Engineering  physics

Geophl 5] =
the Struc-l:ure and prope r’cfes IV 'L.-d'(.?l,l ,1353\;5
of Solids 5 Physical oceanography|

Physics music

Plase‘ visit for more data at: www.pakcity.org
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The quantities
which can be meaosured physically or by
| their  physical effect ore called physical
| guantities. B
E.xamples:

| L ength , mass, time, Force , speed etc.
| Types of Physical Quantities:

1. Base Quontities _
-, The Q@quonﬁ{ies which
are not defined Inccterms of other
physical quonhhg@;b@% are  called base
quantities . o@ ‘
Bose - guantities are the
l minimum  number “of Tiose . physical quontities

iIn terms of which other phgsich q/ucm’ciﬂes

can be defined .
| ExomEIes: _
Length, moss, lime  etc.

Measurement of Base G.uontitg:

4 is based |
on fwo  steps.

°lease ViISIt for more data at. www.pakcity.org
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(1) C hoice ofF standard .

(2) To set up. @ procedure  for Comparing
the  quantity  with the  standord.
Charocteristics of an__ideal standard:

An  ideal standard has Two  main characteristics

(i) It 1S accessible.
diyess M oo ds. - invagiohle.

> Derived Quantities:

Derived quonﬁties
are those wnhose  definitions  are based
on other physical quontivies.

@Q
Exomele_*_{ | O%ﬁo
Veloci{B %@%cde ration , Force etc .
P>

a..‘,‘ ‘s Vo

“ter a‘tioqal Sgste of Uni

. 1960 on internafional committee agreed

on - Sate.. op definlitions and Standard  to

describe the  physical quantities . The
system thot  WQAS established is called

the Sﬂstem \n+ernojciono| (SI) ;

E ] #
L
+ 4

& P

- = -
%

)

pakcity.org
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1. Bo___‘?e LU_n'iJLS:

There are

metre

Seven base units are

MassS Kilogram
given in Taoble -1. = e

Elec’rrc J Ampere

Thermodynomi :

Temperature Kelvin

Intensity of

\iaht C‘Ondelo

Amount of -

Substance

2. Supgle mentary  Units: Fable=2 _

Physical | SI Unit |Symbol
Quentit
Soiidongl

3. Derived Units: é@ __Toble-3
Phusic ; In T
LT Symbol [In Terms of
o M [Fotee. . [neuton
'

Two  Supplemenfory  units

are Shown 1In TtTable-2.

=2
ntar i ' ' 5 L
and  supplefientory |7 o T W Jeae
units . Some derived | pressure m

_uUnits are given ELrelc _ CS‘{"me,

in  taoble-3 .
~ Radian:

13

The rodion is +the plone

angle between two radii of 'o'

circle which cutoff +the circumference,

an arc EQ,‘UQ‘ 10 Ieng+h To the

~lease VISIt Tor more data at: www.pakcity.org
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rodius as - Shown in_  Figure. It symbel is rad

Steradion:

(11

[t - 15 - ihe =Sslid- sdngle

———

(three  dimensional angle) mode ot

—

+he centre of @ Sphere bg an

| area  of its surfaoce equal tTo the

Square  of radius oF the sgphere.

!is_s ~ Symbol 1S : S,

—

Scientific_ Nototion:

Numbers  are

‘ repre_ser_\fceg [n Stond__ord Form called scientific

nototion  which uses powers of ten .

ﬁ\o@n ~ the in+erno+TonO|I3

- WD — -~

- accepted  Form H}@E@) should be only non-zero
digit  left of <cdecimal

The number 18347 15 ‘Written as 1.347 de—z- |
e number -0 oo 1 Firiten as~ 23X ]

Conventions For l'ndicoting Units:
@

. (i) Full nome of the unit does not begin
|  with o copital letter even if na med
after a scientist :
€.9.  newton .

HF [P AV @ (OB IR oL R ML AE] Ccity.org
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(1i) The ngbol abca s Uit nomed after a

scientist has initial capital letter such os

N For newfron .

Giiy The  prefix Should be written before
e unit  without any  space, such  as

1 X 10_3m 1S written QS 1 mm .
i allowe d -

(iv) Compound prefixes are no
Ffor exomple  1ppF  should be writen as 1pF.

(v) A combination of bose units is  written
each with one Space apart .
For exomple , newton meter (S written

)

g@ﬁgs.oxm“cm may  be

L (vi ch

{(vi) A number  SU 0(\%%\ 2 1

i sq(;@ﬁ%[ o7 potation a5 —-5.080 heg
\

Qs Nm.

expressed in

Q

iple _of base€ 1 Vi e b

f(vi) When Q
B rofse%@xﬁo@ o power, the  power applies
not the boSe

to the whole wmultiple and

i  unit alone .

Thus { Km = { Ckm) =1 X106 m’
wiii) Meosurement  1In practical  work must
foe recorded in the most suitable
unit .

% __ rrors ond Uncei

All  physical  measurements are
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‘ ( U o202 /’) )
or Imprecise to sSome

L)
All the errors connot be completely eliminated .

Reason For Ecrors:
m

(i) Negligence or . Inexperience of o person.

| (ff) The FouH:y OPPOI’CITUS ,

(ni) Inappropriate method or Techinigue .

Tﬂpes of Errors:.

fwo  main types of errors.

Rondom Error:

Ran error occurs
@%®

{ Wwhen  repeaoted (o eg ments  of the quantity ,;
give  differeat vola%@% oF the quantity , under '
| the Same CO (é@lons

Reason: 1Is due To Some . unknown reason.
Removal of Raudom Erron

Repeating  the
measurements many Times  and Tokfng Qn

average can reduce +the effect of random

CLEOY o i mads 1 | '
| ii) Sgs{emotic El’fO[’: | ' g
It affects  all the |

meéasurements of a particular quontity

equally . [t | produces the same  difference

BTease Visit 1or more oata at. WWW.pakcity.org
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£ >

N reod?ngs :

Reson: (e i ern error ofF the 1Instrument.
(ff) [ncorrect morKfngS x
Removal of Sustemotfc griors
Sl [t con be
reduced by Comparing the  instrument with
other  more accurate  instrument and a
correction . Factor can  be applied .

= Ciginentar Figutes

[n Oﬂg meosuremen{ 'H’l L occurote\xd Known
digits and the First %@thu\ digit  are
called significant F @res

Rules Ffor Fmdm % number of Significant Figures

‘ o
() Al digME,BA,S ,6,7,8,9. are significant .

(i) A =zero between two | sSignificant Figures

47 S significant. e.g. 3Rl v 5309

(ili) Zeros to the l|eft of significant F?gr;ur'es
are_ . not significant. ln.. "0.04 or 02.59
none“ob dhe o ZeresS . oi5. C algnibitanie

(Iv) Zeros to +the right of a significant
Figure  are  significant . For exzample  all
zeros In 3.570  or  7.4000 are
Significant .

—1Cdot V @ JICS Udld dl. WWW.DdFR V.OUIC
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(V) Zeros obtained through actuol measurements

are  significant . €.9 490 has @ three
significont  Figures, if  L.C of measuring

scale 15  1Kg . _
(vi) When a measurement {s  recordeo
in Scientific notation , the  figures other  thon
powers of 10 are Signiticant.For example in
8.70 X107, there are fhree  significant  Figures .
(vii) In nmultiplying and  dividing numbers,
the  number of  significant Figures in he
product or quotient is equal to the
least - number ok  gignifigant Cigures  of
The quantities = to 0%%?3@ ‘multiplied o)’
divided . For exam >

. 9. 108.7983 = 1089
lq-g@&zn SUCITOBIRT = " I 64

Rules:
AL) oo TE et digit. to be dropped is

than 5, +he last  significant  digit
remain the

O)

iw

~)

X
&)

00

=0

|

less

Wi |
same .

() Ik +the digit to  be dropped  is greater

< \ ) w ACUALO] L. = N O V. Ul U
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than 5 . the last significant aigit: = . s 13
increased . by one .

(iiiy IF the digit to . be dropped - W A
the last  significant & e TS increased
by._one__iF it is ;odds cond  will__remain
the same iF it 15 even .

Examples:

' The Follov\ling numbers are

rounded off to three significont = fFigures . The

| digits ore deleted one by one.
43.75 1S rounded off as 43.8

56.8546 is rounded @FF as 56.9

73.650 [S roun%ﬁ@ oFF as 73.6

5 atm e riio® o S
T =1.4.5768982 X10

| 4 .
As. -3.64:X10". is"\2"R 5% SigniFicant , So after
c*oundfng ofFfF The answer IS 1.46 X 103

[n Adding or SUbtroctfng numbers the
— e L HIRE S

number of decimal places

retained in  the

answer should be equal to the Smallegt

number of decimal Places in  any of

ther 7 b being  added or subtracted .

~ledot V ® JIE€ Udld dl. WWW.PdFK V.OIC
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|

I[n this case  the number ofF signiFicant

Figures Is not 1mportont.lt. is _the position

of decimal that motters.For example adding

guantitiess. . 1n. —meters. .

] I 237
(1) 72.1 - (11) 2.754-3
£ -0.003 LS
75 593 ' 8.12 73
Correct Answer=75.5m| 8.13m

Meter rod:

L.C=1mm =i—16Cm = 0.lcm

Vernier Callipers: <i
=i G 100 mmo@@ Ol mm | “156% C:m = 0.001cm
-SCF‘&V\I | GOU_ e : o@

IR, = 7= N, = 0501 mm :,-]—--cm.-..-..o.oolcm
100 1000 |

Smaller L.C means - more precise measurement .

= e s T —

g 1 6 PFECISIOn - ond ACCUPOCH E

— - T ey e ————— i - S ——

e —— e —— e .

i

o\
%
gmats S SE M2

Pr eCISJon'

The precision of a measurement

Instrument or device

A precise measurement | |
Jlease VISIT 10T more jata at. Www.pakcity.org {
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(s +hat which hags smaller value of absolute

uncertoin{'ﬂi or gmaller wvalue of least count (L.C)

Absolute Uncertoi"ntg:

equal to the leost count of the measuring device.”

Absolute uncertointy 1S

[t is also called precision of the instrument .

precision = Absolute uncertainty = | east count
| Fractional Uncer’rointg:

least count ofF the measuring device to the

Tt is the  ratio of

| measured value .”
| Least Count

' certointy = ‘
Fractional Uncer | J rQ Sured value

N ¢ - ~ Least Count -
Percentoge cerTom‘cg = XIOO/" |

f = R measured value
; Accuracy ergnd_s_ upon the
| Froctional or percentoge - uncertainty  in the

measurement .”

Accurate Meagsurement:

§s

An gccurate

measurement is  thot nhich hos less Fractiona
ercentage uncertainty .”

uncertainty or lesgs .. P

Please visit for more data at: www.pakcity.org
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Fxplanation with Examples:

Exomgle =12

measured by 0 meter cod as 25.5cwm . Least

Suppose +the length of an object s

count of the meter rod is o.lem ( L.C=1mm ) .
Absolute _Uncer{o?n{g = Least count = Precision=+0.1cm

|l = 25.5 +0.1 cm

Fractional uncertainty = 21 = 0.004
£
Percentage uncertainty = 22'; x 1007 = 0.47

| Exomgle— P

Consider Q@ner measurement
made by vernier c%lgggéfrs G5 L5 oot

least count s Qg@cm ( — mnillimeter ) :
Precision absolute uncertomtg (LC) = +0.0lcm

0.45 + 0.01 cm

F.rOC_tiOﬂOl . Uncertofntg — (;D-'Zé = 0.02
Percentage Uncertainty = —(52% X 1007, =2.01Y.
Conclusion: B
(“, The reading by a meter rod (25 ) Cm)
15 although  less precise , but- it  is - more

QCcurate due +o smaller value of percen’rage
uncer’coint3 . 1-e 0 - S '

~1easSe V . O1e Odld al. WWW.Ddakr V.OlTC
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(i) The reoding O.45cm.. laken by the
vernier callipers 1s more precise ,but it jis

less accurate due to larger wvolue of percentage

uncertainty . i-e 2.0/

In Fact, it is the relafive measuremerrtt

_which is importaont .For a smoaller physical
| q,uon’(i‘tg _ tore precise instrument Should be

used . Here the measurement 0-45cm  demands
that o more precise instrument , Such G

micrometer Screw gauge , ‘with least

Should have béen used Q®

i
N
{

|

i

Eggénd total uncertainty it is necessary
1 ‘e Factors

4+ Find The uncertainties 1n all

involved *qn  calculotion.
1" For Addition and S__ub‘hoc{ion: ‘
are _added:

e ————

Suppose
the dis’(o'nce ~ 1S Found by lhe difference
. itron meosuremen-ts

Y : .
= v By Jdalcad al. VWVWVYVW.Udl VAL WIR®
=
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-~ 16 po—~—

Then
x=x%,—x = (26:8-10.5) £ 0.2Cm

— 16.3 £ 0.2Cm
2. For Multiplication _ond _divisiont

Percentoge Uncertainties are added:

I measurements

are multiplied or divided, then their percentage

uncertainties are added 1o Find the fotal

uncerfoinj: IN the fFinal result.

£ xample:

IF V.= 5.2450.1V

%q@-}f- el pondiihe

O@ it -
Zoge uncg@g Yo PR g -——2— X 100/ = 2l

Zoge 'Uncertafnfg For. = LA X1007, =6/
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il" . "‘{r::-'.::' .
(D)

3. For Power Factor:
—._—._—'—-kl—__—_;—g?

MQI‘(?pIH the percentage

uncer’rom’ca by power .
For example in 4
V =5 Ar’

7 age - uncerfainty in V=3 X %age uncertainty
- radius sar s

Egomgb:

Congider +te radius ofF a small

Sphere is measured a5 2. 2500 = DY Q

vernier calliper with least count 0.01Cm,

then @
r = 2.25 +o§§)’g

/ age uncertainty %@ﬁ radius r = f—féx 100/, =0.4 7,
Total percentage @ncer’romtg in

&@3 N g0z I AT D 7

4 S 4 2
s == X314 x (2.25)

\/
V.= 47.689cm® with  1.29 uncertointy .
V = 47.7cm?® +1.2Y

100
V e 4-7.7 - 0.6 C_m3

Gyt Rre T R 0.6 )

=lease VISITTO! more Oata at. WWW.Dar V. Ol C
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14. For uncer’fomtq In Qverage WValue:f

(i) Find +the average value of wmeaosured values.

(11) Find the difference (devfofion) between each
measured  value and average value .

(111) The mean difference is the uncertointy

In +the average value .

For example
1.20 4 1i22,1.23 ;119 41.22 .1, 21

The difference be’cw@%@o each measured value
and Qverage vo© neglecfi'ng the Sign 1S

_ éég@xq@o.oho.oz,o.oa,,o.01 %
Méon dif Ferencall= —Ow = 0.0l
6 = . mm

Thus  uncertainty in  the QvVerage wvalue is =1.21 40.01 mm

H. For the uncoitg in a timing experiment |

The uncertaint in___te  Hme eriod ofF Q

Vibratinc bod 1S  Found b dividinc the

~least  count of +the fiming  device b the

- number of Vibrationsg  »
o e e A s
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| east Count

Uncertainty in the time period = ‘
No of vibrations

For example

The time Taken To Complete 30 '
vibrations of a simple pendulum is measured |

54.65 by a stop watch whose least count s

Q.18 - ‘H’\e.n | i
Uncertainty In time period = —————-—gol = 0.003s ik ;
| SO |

30

Hefnee st ate advicable s Eoumt number  of

SWIngs ( vibrations) fo reduce +he Timing uUncertainty.

Example 1.1:
Example L.1: &

The length, breg@ng thickness of a sheet are
_3-233m » 2.106m and 1. 2} reSpechfvely.‘ Calculate the

volume oF the Shee‘%@?@orrect upto. s the Oppfoprio’re significont
digits.

:
i?
t
|
:r

————rr et T

Solu_hon: | = 3.233 m

> b — 2-105“’1
h =1.05cm e 105 X482 m
Volume SN I‘X DX R

V= 3.233 X 2.105 X 1.05 X 10>
V = 7.14573825 X 162 m3
AS the quantity 1.05cm  has ° +he

number

o o
minlmum

of ngan;cont Figures equal to three .

S5o  volume is recorded upfo 3  significant Figures ,

| _ & -
Hence RO ot 4 [T e

5 VWW.DaKCIty.orc
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Exompﬁ}lef 1?ﬂ

The moss of a wmetal box  meosured
by a lever balance is 2.2Kg. lwo silver coins
o mass es 10;019 and 10.029 measured bg, Q
beam balonce are added to it. What 1s nhow

the total wmoss of the box correct upto the

oppropriote  precision .

Solutien: m, = 2.2Kg
. 10.01
= J 1000 3 9
10.
my = 10.02g = So=-Kg = 0.01002 Kg

w .
M= 0y g My 2 2.;@%\@%0.01001@ + 0.01002 Kg
m =@@:§$ 20035 Kg

As the least precise  is 2.2 Kg .
So m= 2. by rounding . ofF .
~Exercise-1.3:
' The diameter ~“ond "~length of a metal
Cylinder measured with the help of vernier callipers

~of least count 0.0lcm are 1.22cm and 5.35Cm.

Colculate the volume V of the cylinder ana

uncertainty in it.
Solution: d = 1.22 + 0.0l cm

L.C.=0.01cm

| = 5.35 + 0.01 Cm

“Please visit for more data at: www.paKcity.org
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“‘-K_‘__-"‘

“'H._,._._..-u

. ° ” l o o
hage. ... uncertainty In o e i;z XA00 i t=058 /4
| | ) e | OOOI o o
(7 . = p— 002 Q
70ge uncertointy in | == ‘1004 /
Volume 1S
2 o d \2 Ad?|

Total uncer’roin’tg* oV ARSi =R 10 G0 F S L SIS o TRe

Total uncer’roin’cg N Ve =16/ A0 2./ =@
Then
o Vit e st R 2 e 5 08 5
*’ | 4

L zsoqom el o et = L b

V. — 6.25cm?® (8 7,
iR b L a.25 et oE = 0.1 )
Thus QSS@ l

v =(¢ @@+01 )c:m3
.@‘

ﬂ 1. 8 Dlm 1ons i

Each.. bage
considered o dimension dehoteo\

capital letter  written Within o square

brocket | .- I istande cEara e
nature of the Physical

For example:

Dimension of wmass 1S [M]

qualitative
quantity . '

“lease VISIT Tor more data at. WWW.pPaKCIty.0rg
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Dimension of Lengt 1S M ]
Dimension of time LS [l ]

Other physical guantities may be the combination

oF these dimensicns .

For exomgle:
dimensions oFf Speed — AR RSl s s of length

Dimension of time

: = 52
S V= +

Lv] =——[£-_-rli [ )ee=afi T2y

Sfmflorltd

Dimension of acceleration (d = —E’- )

=
[d] = [L;_r—*-uj Q@ BEE
Dimensional Analysis: &@go

{é@%usmg the method of

dimensions all @@ the - dimensional analysis , We
k@

can chec correctness  of . a given Formula

or an equation and can also derive it.
Uses: ' '

(i) Checking Homogeneity of physical equation E

To check +the .CorrectneSS of an equotfon , the
dimension of the quantities on both sides
of the equation rmust be same . This is

called the Principol of Homogeneity of dimensions . |

= v - e WACALCA CTAL:. YV YV V VYV NU V - \J
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(it) Deriving Q possible formula

To derive

a relation For a physical quantity , the correct

guessing of vartous Factors on which  the

physical quontity depends 13 important.
Example-1.4:

Check the correctness of dhe

Fxl
m

fransverse wave on the stretched Strfn'g of

relation V. = where Vv is the speed oFf

tension F, length | and wmass m.

Solution:s

S0
| L.H.S = R.H.S

~lease VISIt TOr more data at: www.pakcity.org
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Hence the equation is dimensionally corret .

E_xcirhele 1.5;

Derive a relation Ffor +the time

period of a simple pendulum Shown 1in Figure
using dimensional analysis. [he various ' possible

factors on which the time period T may depend
are:

(1) Length of +he pendulum (I}
(i1) Mass of the bob (m)

(it) Angle O which the thread makes
with the wvertical

(JV) ACCEIEI‘O‘I‘IOD due to QFOVQ@) (9)

Solution: ‘ _OQﬁO
a b ...% d
T & m .l g

Co @Jnt et QN gd . 1
We have @gﬁ; the wvalues ' of the powers a,b,
i e '

(7] =[] [ fontb LT"'Z]G|
[M]"[L]O[Tj . ='[MJG [ L b+td +C—cC ][T]—zd

Equaffng e dimensions on both sides

LTl =T

Please visit for more data at: www.pakcity.org
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Equd‘cfng the powers on both sides

C = O
b e R sisdeo s g
b+d +Q,/—£/ L) — b+d = 0
b= —d = b=l (=g
1
o = &
C ' C
Q =[LL—I} :[LO] pu— 1
. 1
T = Cconstant X m° x l% Kaal, XLl
= CONSTONT . Xus e I% X g 2
1
" i 1
constant ( 5 )
5 Beeir
oS
ote: %@
Ihe nuol value of constont cannot
o ~\\ : 5
be detero ed by  dimensional _analysis ,
however it can be Found b experiments.

E)COmgle 1.6 =

1 Find the dimensions and hence,
the Sl units of coefficient of viscosity n in
~the relation ofF Stokes'low for the drag Force

F For a spherical object of radius r  moving
with  velocity v given as

K r=6rLT|rV

dls = \/ @ JI € Udld dl. WWW.PdF yV.OI'C
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Solution:

6rn is a number having no dimensions.

Fr =t

s M =6RMNrv

n] s\l 5 -

B o BRI
& --[—'-Y\—l:i;]—- ~unrts of M

~lease VISIt Tor more dald dl. WWW.PaKCITY.OTC
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1.1 Nome several repetitive phenomenon

occuring in noture which could serve os

reasonoble  time standards.

Aggwer;

(i) Rotation of earth about ts own axis

and around the sun-.

(if) Rotation oF moon aQround the Earth .
(if1) The heart beat or humoan bulse  rate .

(iv) Lattice vibrations..  tn =< -a = Crjgtai

1.2 QGive +the drawbacks lé%Q@se the perlod of
a pendulum as oﬁchme standard .

_Answer: - '
{&d of the simple pendulum

-?_rtr MS on the value of 1 ondwg,’.

Value of is not -same ot all the places oF

_earth. So +the  simple pendulum cannot be taken

as a time standard.

Morever we  cannot

. L s dpakcity.orgl
1.3 Why do we Find it useful to have Two

units For +the amount of substance,

~realize on ideal gimple pendulum.
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— ¥
5 iR - - 2 8 |~

the kilogrom and the mole??
ﬁnswer:
Kilogram and mole are +the two unitg

for +the amount of substance.

Kilogram is used when we have to measure

the amount of substaonce Without ConSider?ng

- the number of atoms/molecules. Kilogram is used

at  Macroscopic  level .

Mole 1is used ot mfcrOSCOP‘ic level Where

the number of afoms/molecules is important.

1.4 |hree students meosu the length of o

B! _
needle with o Scole%ﬁ}a which minimum

recorded Qs (i) 0.2145 m

The least counticioficthe Scale is
LC =1mm = 0.001lm. _
. Sp , the lengh can be measured upto ~ thot

- accuracy ( three decimal places). Hence @ the

measurement 0.214 m is  correct .

- 1Cc =V & .‘.---""".dr
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1.5 An old Sogmg is that A chain 1S only
as Strong QS its wWeakest link . What
analogous Staotement con you wmoke  regarding

experimentcﬂ data used In a Computotion?

Answer:

r

The old saying A chain is only oS

29 &

Strong as  its weaokest link s  analogous To
the Statement. ‘

¢
In computation of experimental

data te result s ag much accurate QS

_fts least accurate reading fin the data.”

1.6 _The pertod oF Slmple@%endufum is measured
by a stop watch kot type of errors are

__possible 1n ‘I:fme O Vo To DA A P o Mt Nl 90 4
&

_Answer: Q@ﬁ@x A\ EE
_ Fsliswing  Errors——are o possible  in

—

measuring the time period. - of " a Simple pendulum

by a Stop watch . - e =
() Zero Error in the stop wotch‘ . |

(i) Measuring  Skill of the observer (personal error).

(i) Leost Count Ozp _StO'P_- WO’tChc

1.7 Does a dimensional analysis give any

lnEaLmotLon ol o i _c_onsiant _of _proportionality

A ! d o WACALCA CAL.
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that

may

——"_ 4 | g O
> 2o 0 oL 2

appear

Explain .

Answer: No .

in an

algebraic

L} ony

The

dimensional

analysis

does

www.pakcity.org

expression?

not give

inFormation

about

the

constant

of proportionality

be

It can

ln

The constant

s

measured

can be

experimently -

constant ’-él—-

measured

experimently .

1.8 Write +the dimensions of

(1) Pressure (i1) Densffg

_Answer: Q@

) As > [F]‘*[M%@ﬁ () As

ity [ AR et

o EMET IS L o e,
P = _——

[P] W@ HESAE Vs

I )=

[Pl =[ML*T" ] (£] =[ML2]

e e e —

.9 The wavelength A of a wave | depends on
s i 1ol ,.SPeed v of the wave and 1{'.5 Frequencsj

L} F. Knowing

that

B i — o ——— =

and [F]=[T"]
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Decide which of the Following 15 correct.

F — \]A or b= —-}-A,—-
Answer: Using dimensional Gnoigsfs
e e e 0 -
: i e
[T]J-‘—" [LZT_ ] (L]
LHS # RHS [T_1]=[T“‘]
So F=VA 15 not. correct i H S~ == SR=HES

Liﬂht Yeog: ' &7

O
o% | | |
One Ifgh{%@%or 1S  the distance Travelled
RS _ g X wl\ 15
by - Light in Oneg?@grl. One.. light year = Q.46 X10 m.
a

ight - Yerir @@g@

unit ob - Disténce .

- _ - e ¥ - i — e — e —— ——
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NUMERICAL PROBLEMS | <i pakcity.org 5

1.1 Alight year is the distance light travels in one year. How many metres are there in
one light year: ( speed of light = 3.0x10° ms™).
(Ans: 9.5X10” m)
1.2 a) How many seconds are there in 1 year?
b) How many nanoseconds in 1 year?
c) How many years in 1 second?
[ Ans. (a) 3.1536% 10" s, (b) 3.1536 X 10 ns, (c) 3.1X10° yr]
1.3 The Length and width of a rectangular plate are measured to be 15.3 cm and 12.80
cm, respectively. Find the area of the plate.
( Ans: 196 cm?)
1.4 Add the following messes given in kg up to appropriate precision. 2.189, 0.089, 11.8

and 5.32.
(Ans: 19.4 kg )

’ [
1.5 Find the value of ‘g’ and its uncertainty usi{}/@z 27 ; from the following

Ne I

X

measurements made during an ex
Length of a simple pendulum =
Time for 20 vibrations = 4

Length was measured etre scale of accuracy upto 1 mm and time by stop
0.1 s.

watch of accuracy
(Ans: 9.76 & 0.06 ms™)

1.6 Whataret imensions and units of gravitational constant G in the formula

m,m,

F=G 9
r

(Ans: [M? L T?%], Nm*kg™?)
1.7 Show that the expression v;=v; +at is a dimensionally correct, where v; is the velocity
att=0, ais the acceleration and v is the velocity at time t.
1.8 The speed of v of sound waves through a medium may be assumed to depend on
(a) the density p of the medium and (b) its modulus of elasticity E which is the ratio

of stress to strain. deduced by the method of dimensions, the formula for the speed
of sound.

Please visit for more data at: www.pakcity.org
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E
Jo,

)

( Ans: v = Constant

1.9 Show that the famous “Einstein equation” E = mc® is dimensionally consistent.

1.10 Suppose, we are told that the acceleration of a particle moving in a circle of radius r
with uniform speed v is proportional to some power of r, say r" , and some power of

v, say v, determine the powersof rand v ?

(Ans:n=-1,m=2)

Please visit for more data at: www.pakcity.org
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Sr ) AN

3 ' :
2% pakcity.org Sk
<

P-1.1
il |
G i 0 XH0: W 'y =15.3 cm
+t =1 Year' W= 12.80 Cm
t = 1X366%x24 X60X%X60 S AL
t = 315636000 S A o= xXW
ey
Sz A 16,3 % 12580
e |
S = 310" X 31536000
2 | A = 196 cm?® 0
. 15 P"1¢4'
S = Q.5X10° m | Baust
One li'gh't Year =q.5x1015m a @ 2-18 Q
i 5 o.0n
(1.8
§(9) t = 1 Year be@ e e
| 19.3348
t-1x365x24><6o | >
&
t= 31536 x1 o In  the quantity 11.8
i ,
(b) T2 =T Hlerais only one term

t=3. ? 1
1536 X10 7 x10 " X 10 S ' oFter the decimal position.

t=3.1536 x10'x107 ns ' So, the answer is
t=3.1536 x10% ns a| rounded OFF as 19.4Kg.
() " e SR ;
{ Yeor = 3.1536 X105 -
1 Year R

3.1536 x10°

1_S = e | )(16'9 Year

-—

L \ \J w ACALCE CIL. VYV Y\

_ = vV .Ul U
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el o i AR
!

P""l.S: - L =100cm =+ 0.1 cm
[ _SRE SRR I i |
|=100cm = 1.0 m T=2.01S + 0.005 S

Time For 20 vibrations = 40.25 | Zoge  uncertainty in |

, 2 i e o
Tine period T = 4O &L w0l = 0.1
T = 2.018 _ Zoge uncertainty in T

Least Count oFf meter rod is

= 0:005 1007 —0.2487

L Ca="1mm | 2.01
L.C= 0.1Cm | = O_.ZSZ
Least Count of stop watch is
=10.1°S Total uncer‘coi’n’cg N g
L Uncertainty in fime period ©y=01% +2(0.257%)
- Ty 0.1 @Q i o o
is e §\> = 0.F ) k20557
(o
— i ()OI 49 <\J/@ — 0-6 Z
@ |
g =7 © l
S . -2
As "9 =9.76 ms® + 0.6
T =2
0.6%.0F Q.76 = Q.76 x 20
E _I_z:; A.RZL i( | | 6XIOO
9 = 0.05856
Ts _
_ e >
: =4 (314 )2 g sl o b | hh 0'0_6 e .a
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P-1.6 _
F=G-—3
Dimensions and units of |
(G =
§ v ot % B RAYE
e m; M,
. _ 2 :
s il
[ml][mz]
i (MLT? ][ L?]
: (M1 M]
vz ==l =142 =2
iy g
i R T &@ |
units of @A)@ﬁ& j
e ey L i
Kg x kg
k G = Nm*kg? l:J

| (LT

L.-H-S

5o

www.pakcity.org

AT R R e A

i

. R.H.S
the equation [S

dimensionally correct .

_E_"1-8:

v depends on F£ oand E

Formula for the speed of

d --v--:?

B
S

o b
V = Constant £ E

(1)

[V | = constant [joa ][Eb]

{30]_ [Moss] = (M ]

[Volume] [ 152 ]

Stress G pakcity.org g
Strain

[ Force ]

“- [Area ]x [S{_rofn ]

(ML T ]

L2 %t
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[ ] = [ML g ] | Put the values of a
' |l and b in Q)
[l LT ] iy
S | V =constant P2 x E °
o | . o : :
[:LT:'] = constant X[ML:] [ML'"'T J V = Cconstant 1
| e

[LT“'] = Constant [M _BQJ[M =0 _ZbJ' : I
YV = Cconctant (75") 3

a+b -30-b =—2Db
T

[LT ] Co nstont[ k.

atb _30-b -2b V = constant

[Mc'[_i‘r"1 ] = Constant [M = T ]

m
0

Comparing dimensions on | P-1.9:
both - sides. L7
EUAE (Yt S = me?

e %@& (€] = [m][c*]
@- 2 "_1 =
BT L= M ] [T

el
i)
Ju
|

|
mil

| N
O
(S

0

Equating ers on [MLZ 'l:z] = [M” 2 T_ZJ
: bO"'h £ Sfdes 3 —2
| 1 Z X
Gkl () [ML [M = ]
-3 —-b = —1 ; L.H.S = R.H.S
-2b = -1 - , So, the eguation IS
b = -él- : dimens_‘ionallg Gelrec s n
a + —g— =0
St SOTRe s :
CAlEne |

A ) A K

°lease visit for more data at:
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n=r
m=_p

Q = constant X rn A Vm

(@] = constant [rn][ Vm]
[sz ] = Constant [L}n [ LT-ijm

[L T* ] = constont [ L”][L 1 T""“J

Comparing 4\'Woe@nﬁions
n+m -

fE) e
[TJ"2 = [T]_m'

Comparing powers on
both  sides.

(1)

|

www.pakcity.org
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