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o Physical Quantities
0 DA

A quantity which can be measured (quantized)
Example : length, mass, time, force etc.

On the other hand, happiness, sorrow etc. are not physical quantities



Physical quantity (Q) = Magnitude x Unit=nxu

\_"’3 ‘ia-\; 4 L'r\;}-e
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» | 1. Fundamental Quantities
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o Types of Physical Quantities

Fundamental Quantities
These are only f(e7v3 quantities which are independent of all other

quantities and they act as basis for all other quantities.

Derived Quantities
All other physical quantities can be derived by suitable multiplication or

division of different powers of fundamental quantities.



Magnitude

length
mass
time

electric current

oy

thermodynamic
temperature

quantity of matter

luminous intensity

metre
kilogram

second

ampere

kelvin

mole

candela

m/L
kg/,\/)
s/T
A/]_‘_
K/ky

mol /r)

cd/S
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. o System of Units

&4

System of units: A complete set of units, both fundamental and derived

—

for all kinds of physical quantities is called system of units.

L> dmetre = 200 o Sped = | Km _ gm)g
mf>4ka.f>4ouo73m "
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] o System of Units L.m. T i

CGS/Gaussian system: In it length, mass and time have units

centimeter (cm), gram (g) and second (s) respectively.

MKS/Giorgi system: In this system length, mass and time have units

metre, kilogram and second.

FPS system: In this system foot, pound and second are used

respectively for measurements of length, mass and time.



J

<
o System of Units

b

System| Length Mass Time
F.P.S. foot pound second
|
|
C.G.S. | centimetre gram second
M.K.S. metre kilogram second
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o Unitless Quantities
L

Ratio (numerical value only): When a physical quantity is a ratio of two
similar quantities, it has no unit. For example,
Mmorasw (Hg) —
/ 'ﬂ‘ =13 é’xlol)Rqu’rlve density = Density of object/Density of water at 4°C
Sakes, o3

2)Refractive index = Velocity of light in air/Velocity of light in medium

3)Strain = Change in dimension/Original dimension



J
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Angle is exceptional physical quantity, which though is a ratio of two

similar physical quantities (angle = arc / radius) but still requires a unit

(degrees or radians) to specify it along with its numerical value.

@:erpd/f 4
A "",d‘{e 9—:’30140(:4‘4”(@

Q= Anea

O ik;(ea}ﬁa oR Raabm % T~

-G




Find a suitable Sl unit for Universal Gravitation Constant.

J |
“Ocz
L

F:.G't""""'x.




Express the Sl unit of Energy(Joule) in terms of Sl unit of
Mass, Length and Time.

g;d,;=>_1 Toule
- Loavdt —_— K "'
E=5m 3( SCC,_
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When a derived quantity is expressed in terms of fundamental

quantities, it is written as a product of different powers of the

fundamental quantities. The powers are called its dimensions.

- dus _ (. , : . '
perd = L _‘L%" =T | Ometien s (Lin Lo,
_, ;V\ blme



Unit Name and
Symbol

Meter (m)

Kilogram (kg)

Second (s)

Ampere (A)

Kelvin (K)

Mole (mol)

Candela(cd)

Dimension Symbol
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Important points
3

[Height]

[Width)]
[Radius]

Dimensionless

[Displacement]

[200]
-\x_: - 1] 5 IMLT )=

[L]
O
R o RLadC
‘>“’5



J

\ = /
Find Dimensions of Force

F:ma ':mél ZM: m 4

—LF_: MmLUT >




Find the Dimensions of Energy
Energy = WK = F.d

= () ()




@ The SI unit of a physical quantity is pascal - second.

The dimensional formula of this quantity will be

f-/ [ML-T1] [JEE Main 2022]

B. [ML-T-2] X = fa. Sec.
C. [ML2T]
D. [M-1L3TO] A= (P*%Swu)-(ﬁmg

(o
:<"'”~L?T
[y
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@ Find the Dimensions of Voltage

V=T R T L,
method (7)
V:l\_/_ = G”"’Z&
q/ (Weut X time
V= mUT™

T
(emerrd)
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In the following ‘I’ refers to current and the other symbols have
their usual meaning. Choose the option that corresponds to the
dimensions of electrical conductivity. (U_)

[JEE Mains 2019]
A. M1L3T31 a @AM';}J - I
FMILE T P%is-l-%\l"g
CMILTIL g gy 1
D. ML3T31I? 3 AR

S|~

_ 4
18
-l .-3

—)- = - Y
S T T ETT







A physical quantity S 1s defined as S = (E X B)/u,, where E 1s electric field, B 1s
magnetic field and p, 1s the permeability of free space. The dimensions of S are the
same as the dimensions of which of the following quantity(ies) ?

[JEE Adv. 2021]
Energy ‘M Force

° Charge x Current © 7 Length x Time

. Energy \U/) Power
* 7 Volume '










Let us consider a system of units in which mass and angular
momentum are dimensionless. If length has dimensions of L,

M = Cowst. which of the following statements(s) is/ are correct ?
L= codt.
C A. The dimension of force is L2 [JEE Adv. 2019]
MV R=cawnt.

The dimension of linear momentum is L-!

w

Jf L - . . . .
(C”{)<?)(L) = et C. The dimension of energy is L2

D. The dimension of power is L

_Li-_-_@"«bt
e | D F=mr ey (7
L=T

Y P=mv =8Bl = Lo
By




O £= mET ™ = (ot Y (D)
= (_L-L' = "

d) Power= Enengy % |- _
twme 7 T

L

4






Energy

Energy density
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2) To find Dimensions of Physical constants
Plank’s  tomtomt (h)

Elony = = 1] Gy (W sepesy)
M E-.I:Z: U"\] [ '/1:]
Thj=mT




Find the Dimensions of Viscosity (’()
F=14%
mir> = J(eJ (I

Ey




3) Conversion of Units
l Cm—= 0.0]m g

D imemgions }IMMW Step _1' vV = L-r-,
in Al syBlem of Unit -
3& 9@\1_} Im)g = LT ' = (lm)(lsec)’

Thmfln = LT = (\K“Q(lkn)"

S
tep 3 .'1’»\/.8= _\_M—) | seey! - “mﬂ
Sk
\\ & \ e
Mis /|
: & QQ(@:L@
\ I O LS
|



(cm.},SOC-j ("—“ K})gg

For Force, convert Dyne(CGS) to Newtons(MKS)
~2
£ Dge= mLT > = (1) (1o (1)

1 Meobm= MLTS = (1) (1m) (15t

= ] IS - (\ ‘;"M}(Ic’v\)(l se')q___ | homn \/ 1em
w \ kg | WANEAE (00072»><\000~\/

== (1693890

> (=10 Dy,

()




V, Vo
a, a,
L } { L~
T T,

In two system of units the relation between velocity
and acceleration given by v,= (a?/B) v, and a,= (af) a,
where a and g are dimensionless constants. The
relation between length and time in these two system

of units will be
A L= (a®/B%) L,
B. L,;=(a?/B3 L,
C. T=(a?/B>T,

DI T;=(a/BH T,

|

Q, -Q’( BG‘L

LD %

(¢ _pyv

Usw
[(n iv%}
dat

t
L_: _i'&L
o «p 7






4) To check the correctness of an equation

Based on the principle of homogeneity

>

Fz M?.a (whcm?)
MLT™ XML
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. o Principle of Homogeneity :'j

L
1. Only the quantities of same dimensions can be added or
Subtracted
2Ky + 3 sec >< | kg4 3kg N

Q?CM—A\K? >< o‘z%_l_zcw\ /
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. o Principle of Homogeneity

&4

2) Dimensions of LHS = Dimension of RHS

o?Ka:Llﬁ{heX 3120««.
yzb Lw]f('lz,
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e o Principle of Homogeneity
v

gl (WS 3) Powers raised to a quantity is always
v dimensionless

E;‘* ﬁ]
(’)()’ => A Coam have dJMGMSi(m
,Dv\f' d Comrnpt
k4 ~a
9= ce(-e ) C > a i i exdionin
T —dimed
> = ol

. (=Rc
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Check the correctness of the following equation

F = mv*/r* (wlﬁov‘&)

MUT-2 = M (LT _ mT-* ><
LL



Check the correctness of the following equation

H= Height
H= 2FE F= Force
L3gp L= Length
g= gravity
L = mMIT - p= density
3 ) M
Cx (T )(-L?)

L= no dimertio,, ><

(Avlo? Efﬂa)("oq



In Van Der Waals equation [P + a/VZ] [v - b] = RT; P is pressure,
V is volume, R is universal gas constant and T is temperature.
The ratio of constants a/b is dimensionally equal to :

A. P/V [\I“bj > 'D’Q\lowmc [JEE Main 2022]
B. V/P oy a qb:;
c. PV [ 7] i ],T'-' i
D. PV3
a_= py*-
T —=PV
b v






J
The force of interaction between two atoms is given by
F = ap exp [-x%2/akT] ; where x is the distance, k is the

-
F= e o KT, Boltzmann constant and T is temperature and a and §
=Xp Sy !
are two constants. The dimensions of f iIs

. MoL2T-4 JEE Main 2022
= o = dimesiods AV e R k&-"'g-:'i/'KT [ ain ]
ockT B. M2LT
C. MLT? 2 KT >Eroigy
X* = (KT
D. M2L2 2
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. o 5) To Derive New Formulas

h, % |
’ ﬂa/) % Fo’?ce_z\,' maoss , acceﬂvvodwn
F=m oR F= a- ?
" .

a
@ Feral = Fzkmal
k$ Romains un l(""ou)r) MLT“": é,.“) MX (LT .93’

=M T

’”’@C
\\




The time period of a simple pendulum is found to depend only upon the
length of the string and acceleration due to gravity(g). Derive a formula
for the same. —

T o«[‘g*

T= kl,a%

T= () L (7!
T'= ':w, T‘IU'

-—3\:-7_\& X“'}):o



To find the distance d over which a signal can be seen clearly in foggy
conditions, a railway - engineer uses dimensions and assumes that the
distance depends on the mass density p of the fog, intensity (power /
area) S of the light from the signal and its frequency f. The engineer
finds d is proportional to S/,

The value of n is [JEE Adv. 2014]

doc P st §°
d: k/'xsy‘ﬁz

l._ = lx Ew ¢ -1 -
( E> ’ci':j\i;az) <T )
LzW@@qul

T. X
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vV, A, F
£ =FA'v
A

If speed V, area A and force F are chosen as fundamental
units, then the dimension of Young’s modulus will be

A. FA2y-1 [JEE Main 2020]
B. FA2V-3 Y VA F*
C. FA2V-2 .

] N a8
D. FA1VO —g—= (tT) () (m LT

- 2wz
MU' T-2 = M= (37 T

=&
=L Z-x-LZ






If momentum [P], area [A] and time [T] are taken
as fundamental quantities, then the dimensional
formula for coefficient of viscosity is:

J\./[P Al TO] [JEE Main 2022]
B. [PAT!] 78.0( P At T2
C. [PALT] )
D. PAtTY MUT™ = (L) (&)
M\:'T" — X CH,}T_)H_Z

’t+z._-\ etz







J In a particular system of units, a physical quantity can be expressed in terms of the electric charge

, - \ 1 .
e, electron mass m,, Planck’s constant h, and Coulomb’s constant k = " where €, 1s the

TEg
permittivity of vacuum. In terms of these physical constants, the dimension of the magnetic field is

[B] = [e]%[m,]#[h]"[k]®. The value of @ + f + y + & is @ .

g}guo;; F=qV R C~ail [JEE Advanced 2022]
MLT™ = (TT) (T[] M)/T ==

(e=mz' 12 e
T E=hy |
MCT_L:_ [\n} T

MLT = W=
N TS, =













D

Sometimes it is convenient to construct a system of units so that all
quantities can be expressed in terms of only one physical quantity.
In one such system, dimensions of different quantities are given

in terms of a quantity X as follows: [position] = [X*]; [speed] = [X?];

[acceleration] =[Xr]; [linear momentum] = [X9); [force] = [X"]. Then

A. x+p=2p [JEE Advanced 2020]
B. p+q-7"=B
C. p-q+7"=0(

D. p+qg+r=p
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1) Two different quantities can have same dimensions.
Example: Esge and Torque



Limitations of Dimensional Analysis

2) Checking the correctness of the equation doesn’t have
100% accuracy

S=yet3an™ (Whong)

L =)@ + (et (r2)r)
L=L+L

L —L /



Limitations of Dimensional Analysis

3) Proportionality constant cannot be determined

T—:Kg

K =7



Limitations of Dimensional Analysis

4) This method doesn’t work if a quantity depends on more
than 3 physical quantities

4 Vanidfu 2 OV\LH 2 quadion
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Rounding Off

g =2 Rw«) 285 7
- )(Row() 2805 7




J

T o Rounding Off =

&4

Rule 1
If the digit to be dropped is less than 5, then the preceding digit is left
unchanged.

Examples: x = 7.82 is rounded off to 7.8, again x = 3.94 is rounded off to 3.9

(essen ’cka«'S) Jen #rew 5
¢ e
X3 =2 4.38\?__,‘ = 9 .29
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T o Rounding Off =

&4

Rule 2
If the digit to be dropped is more than 5, then the preceding digit is

raised by one.

Examples: x = 6.87 is rounded off to 6.9, again x = 12.78 is rounded off to
12.8.
mhe s 5
P

Q.38 L .



< . o
&
Rule 3
If the digit to be dropped is 5 followed by digits other than zero, then
the preceding digit is raised by one.
Examples: x= 16.351 is rounded off to 16.4, again x = 6.758 is rounded off

to 6.8. "
L~ 2

857 = .85
¥ 857, > . 852 —2 4
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s o Rounding Off e Al
)

2350 =24
Rule 4

.32 S 2. & 1If digit to be dropped is 5 or 5 followed by zeros, then preceding digit is

2_8 left unchanged, if it is even.
' Examples: x = 3.250 becomes 3.2 on rounding off, again x = 12.650

becomes 12.6 on rounding off. ﬂ
o «45 y

2.2

3.50 7

6. 250 =6 2.
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9 Rounding Off 257 =5

Rule 5
If digit to be dropped is 5 or 5 followed by zeros, then the preceding

digit is raised by one, if it is odd.
Examples: x = 3.750 is rounded off to 3.8, again x = 16.150 is rounded off

to 16.2.



A
2.5 @y
i
)
35 (o) L
=4 5.4
\\

A student measuring the diameter of a pencil of circular cross - section
with the help of a vernier scale records the following four readings 5.50
mm, 5.55 mm, 5.45 mm, 5.65 mm, The average of these four reading is
5.5375 mm and the standard deviation of the data is 0.07395 mm. The

average diameter of the pencil should therefore be recorded as:

A. (5.5375 t 0.0739) mm [JEE Main 2020]
detinma

B. (5.5375 * 0.0740)mm

C. (5538 £ 0.074) mm 0.0739 5

D.

\

(5.54 £ 0.07) mm bally '07



J
s o Order of Magnitude
)

The order-of-magnitude of a given number is the nearest power
often to which it is approximated.

For finding the order-of-magnitude (x) of a number (n) = n x 10%

n should lie between 0.5 & 5

N
X

Oﬁcﬁd'(_:s = O-éj\lox




Order of Magnitude

Number N | Expressionin N = a x 10° | Order of magnitude b

0.2 2x 107" -1
1 x 100 0
5 x 10° 0
0.6 x 10
3.1 x 10’
3.2 x 10"
0.999 x 103
1% 103




The radius of Earth is 6400 X 103 m. Find its order of magnitude.
= 64 %[0
4
= 0.64 7(,0
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. o Significant Figures
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. o Significant Figures

&4

=> Significant figures in the measured value of a physical quantity tell

the number of digits in which we have confidence.

=> Larger the number of significant figures obtained in a measurement,

greater is the accuracy of the measurement. The converse is also true.

13528635 cm

S'W'l(



All non-zero digits are significant.

Examples: 42.3 has three significant figures.
243.4 has four significant figures.

24.123 has five significant figures.



A zero becomes significant figure if it appears between to non-zero

digits.
Examples: 5.03 has three significant figures.
5.604 has four significant figures.

4.004 has four significant figures.



Leading zeros or the zeros placed to the left of the number are never

significant.
Examples: 0.543 has three significant figures.
0.045 has two significant figures.

0.006 has one significant figures.



Trailing zeros or the zeros placed to the right of the number are

significant.

Examples: 4.330 has four significant figures.
433.00 has five significant figures.
343.000 has six significant figures.

2:|OO = Zloo O F 23 43
S @ 8:40,57

Totd 8] = Z 44.00




In exponential notation, the numerical portion gives the number of

significant figures.
Examples: 1.32 x 102 has three significant figures.

1.32 x 10% has three significant figures.

— 13
C:= LZi><|0

C =998 [0



The respective number of significant figures for the
numbers 23.023, 0.0003 and 2.1 x 10-3® are :-

A. 4,42 @ @ [AIEEE / JEE Main 2011]
B. 51,2 Ve

C. 515

D. 552
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o Significant Figures

&4

1) Addition & Subtraction
a) Count the number of significant figures in the decimal portion
ONLY of each number in the problem
Q3 20 b) Add or subtract in the normal fashion
' c) Number of digits in the decimal portion of the answer should
T 4. 26 be approximated to the least of the two numbers.

(. 580 I

S EDEE Sigriicant

D?«'ts




,—9
33370 « (has only one decimal place)
311~ ®

+0313> @

36.723 < (answer should be reported to one decimal place)
Answer = 36.7

36.702__

‘:3@.7



~ .
62.831 ¢ (has 3 decimal places)
—24.5492 ~ @)
38.2818 < (answer should be reported to 3 decimal places after rounding off)
Answer = 38.282



Two gold pieces, each of mass 0.035 g, are placed in a box

of mass 2.3 g. The total mass of the box with gold pieces is

A.

(L 5

C.

23 D.
0.035
+ 0.035
370

239
249
2379
2370 g



27.02

The area of a square 1s 5.29 cm*. The area of 7 such

squares taking into account the significant figures 1s:
[Main 9 April 2019 (11)]

(a) 37cm? (b) 37.030 cm?

) 37.03cm? (d) 37.0cm?



J

T o Significant Figures

&4

2) Multiplication and Division
a) Multiply or divide in normal fashion

= @ b) The LEAST number of significant figures in any number of
@@ the problem determines the number of significant figures in
the answer. (You are now looking at the entire number, not
just the decimal portion)

A 3 = |0.0 ¥ 520.06
= 5200.6



D
ES)

142.06

x 0.23 ’@f— (two significant figures)
32.6738 < (answer should have two significant figures)
336738

\:@>



51.028 = ®
x131 = @ |
66.84668 < (three significant figures)
Answer = 66.8
66. x@,g
—66



Ca

090 =0.2112676
< 4.26

Answer = (.21

0212674

-63)




J
~ o7 -
The length and breadth of a metal sheet are 3.124 m

and 3.002 m respectively. The area of this sheet up to

A"“ = 1xb the correct number of significant figures is
= 124 X 3-002
3 K. 9.378 m? @ \/&J
— B. 9.37 m?
9.278248 [2020])
C. 9.378248 m?
=9.37% D. 9.3782 m?
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I
o Errors in Measurement
3

1) True/Mean Value

Let a physical quantity be measured n times. Let the measured

values be q,, a,, a;, ... a,. The arithmetic mean of these values is

_7&//

a =a1+a2+l”aﬂ-

m

n

Toq-= RYMIFR1+2 - 254

e, 4

~ Ty= 2 s
\
|

A A A
SN
A §

"
N



DT = ln-Th=2-2=0
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2) Absolute Error
Aql = Gm - 01

A02=Gm '02

Aa,=0q.,-q,
The absolute errors may be positive in certain

cases and negative in certain other cases.




3) Mean Absolute Error
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Hence the Final Result is

This implies that any measurement of the quantity is likely to lie
between (@ +Aa) and (a,, — Aa).




4) Relative error or Fractional error:
) mean absolute error Aa
Relative error or fractional error = =—
mean value a,,
7[;‘00(1%0'( — _
St = -‘—AT’ 005 0.025
T, 2 '




5) Percentage Error -

When the relative / fractional error is expressed in

percentage, we call it percentage error. Thus

percentage error [N

aiﬂ
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A student measures the time period of 100 oscillations of

/
o a simple pendulum four times. The data seti1s90s, 91 s, 95
s,and 92 s. If the minimum division in the measuring clock
1s 1 s, then thf, reported mean time should be: [Main 2016]
o 92+ ﬂs (b) 92 £ 3s
d) 92+ 50s
- | —
= T = A%+ 911+95+9%0 - 368: 92 e
q e
AT, =TT, = 92-90= 2
8T, =9%2-91- | AT :w=%;§£:l-5&.
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o Propagation of Errors

1) Addition & Subtraction

xX= a+b







The initial and final temperatures of water as recorded by an
observer are (40.6 £ 0.2)°C and (78.3 £ 0.3)°C.

Calculate the rise in temperature with proper error limits.
T = 4o06to 2 °C
To=7¢3%03 °C
AOT=T-T, = Q?.Z’f 0.3)— <L(o.6 To. 2.)
= .7 £ p.5
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2) Multiplication & Division

x =210 DX(3t 0 3) Z=ab OR 7L=%
z:é‘\_’A’X —A—E:ﬂ_,.éb 2‘/
X T b
o = 0) , 03
X v ™ 3
Ax=0'x4 032 —
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The length and breadth of a rectangle are (4 = 0.1) cm and

(2 £ 0.2) cm. Calculate area of the rectangle with error limits.

£:4ib.1 b:ZfO.L
N\ ATLA
Area = L4¥x b = 4x= 8 om-
AR _ pd, pb
——==+== = 0! 0.2
— 4+ =
A { b 4 -
AR~ 0.)
7 E A= 0ar 0.9 = |0



The distance covered by a body in time (5.0 £ 0.6) s is (40.0 & 0.4) m.
Calculate the speed of the body. Also determine the percentage error

in the speed.
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¥ 3) Quantity raised to some Power
5 .7
6’0‘”"?’{‘4:) A= d"g y: a d
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A phvsicolzcuan'ri'ry z depends on four observablesa,b,cand d

as a2p3 The percentage error in the measurement of a, b, c
z= N

and d are 2%, 1.5 %, 4% and 2.5% respectively. The percentage of

errorin zis. [JEE Main 2022]

0 /AW = A 2 ) '
e e AEDHE)) 1))
C. 13.5% :G"H'i“l-\-75)-/,

D. 145%" = (4.5,
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The density of a material in the shape of a cube is
/‘-= ™M _ ' determined by measuring three sides of the cube and its
v Tz

|- mass. If the relative errors in measuring the mass and

/. O6m=[.5y. length are respectively 1.5% and 1%, the maximum error
' [ ini ity i [JEE Main 2018]
Jal= ). in determining the density is
A. 25%
/0P =1(1-5/ B. 3.5%
)T3Q/>
—_ 4 C. 45% .~
RS D. 6%
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A simple penduium is being used to determine the value of

gravitational acceleration g at a certain place. The length of the

e

pendulum is 25.0 cm and a stopwatch with 1 s resolution measures

the time taken for 40 oscillations to be 50 s. The accuracy in g is:

A. 5.40 % ﬁf- 25.00m [JEE Main 2020]

| (#a0)+ 3 (za7) B >40% Leart Nali 04 doagts = 0. om =

(o) 2( ) c. 4.40% cost eloc of Aoy o =4l
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In an experiment to determine the acceleration due *~ ——=:=- g, the formula

o ’7(R—r)
used for the time period of a periodic motionis T = 5¢

The values of R and r are measured to be (60 £ 1) mm and (10 L 1), respectively.
In five successive measurements, the time period is found to be 0.52 s, 0.56 s, 0.57s,
0.54 s and 0.59 s. The least count of the watch used for the measurement of time
period is 0.01 s. Which of the following statement(s) is (are) true ?

A The error in the measurement of r is 10 % N"\ [JEE Advc?d 2017]
g m P
2_

5., The error in the measurement of T is 3.57 %

C. The error in the measurement of Tis 2 %



T. _ 0.5t 0.561t0.57 + 0.54 + ©.59

- [ ——— =056
DT, = 004
AT,= O
LT3=-p.0] AT = 04+00’§O+00L+003
NT, = n
ATs=0.03 >
/AT—DOL~/\\OO/ Sl
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o Vernier Caliper
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In the ordinary vernier calipers, one main scale division is 1
mm and 10 vernier scale division coincide with 9 main scale
divisions.
Qa
Le ST I MSD—{Ven
EERERRRE |
lovsD = 3mSD 0 o 10
Lvep =9 meop
)
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o Least Count

&4

__9_ (lmm) = O'S ~mmM

1vsh = o

L.¢c.= I mSd-1vsp

= IVV'W\—O~3MM

L¢ = 0.l mm = 0.0\ e




A vernier calipers has 1 mm marks on the main scale. It has 20 equal divisions
S— —_—

on the vernier scale which match with 16 main scale divisions. For this vernier

calipers, the least count is

A.

B
C.
2]

0.02 mm
0.05 mm
0.1 mm

0.2 mm

(1msp= [mm

JOVSD = |6 MSD

I VSp= 16 Mcp
Q0

IVSh — (O. 8) (\mm)

[IIT JEE 2010]

L =|mSp-1vsSD

=(1-0.8) s,

= 0.Lmm
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One main scale division of a vernier callipers is ‘a’ cm and n™ division
-1 msD = a Cm of the vernier scale coincide with (n-1)" division of the main scale. The

least count of the callipers in mm is [JEE Main 2021]

A. 10na/ (n-1)

L.¢.= |MSD-1VSD n VSD = @._Qm.sb

B. 10a/(n-1)
o n- C. (n-1/10n)a 1v55._(n,, MED
= a <n )q 2 10a/n n
| VSD = [n-1
L= 4 e — |oq -——)q
n Mmrm n






o Vernier Caliper Reading
¥ MSR = 3MSD < 1. Check the zero of vernier scale to note down Main
=3 mm Scale Reading (MSR).
I 2. Now find the division on Vernier scale that is
29 diviglon of e perfectly coinciding with main scale to get Vernier
Scale Reading (VSR).
\.S.
3. Apply the formula
Hllllllllllllly\H\\\lil Ll“
~
\



o - / o [
o Vernier Caliper
L
Reading = MSR + (VSR x LC)

— gmm—)— <9 X 0.02_

= 34 0.5%
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VSR =72|

=13mm 4 2| %x0.02

K(?QJM&

MAIN METRIC SCALE HUNDREDTHS OF mm
= |2 —]— 0.4

= l%ﬁlmm






| msD — Oob oam
15 The diameter of a cylinder is measured using a vernier callipers with no
\o 9
ms 5 ] ) < zero error. It is found that the zero of the vernier scale lies between 5.10
| v -
] cm and 5.15 cm of the main scale. The vernier scale has 50 divisions
MSR= S. Joun equivalent to 2.45cm. The 24th division of the vernier scale exactly
<R ;(L.' coincides with one of the main scale divisions. The diameter of the
VSR = . :
cylinder is
Yy SovSD= R.45cm [JEE Advanced 2013]
A. 5.112cm
B 5.124 cm IVSb =245 ¢m = 0.049 oy
S0
C. 5.136cm
D. 5.148 cm
L-(.: |MSB - 1VSD
=0.050-0.049



Reao&'rg.

= msA +(VsRx L.c)
— 5o+ (R4ax0.001)

= S.lo+ 0.024

=—
—




Locking

Screw Gauge
Ratchet | ‘Lever

STUD Main Scale Arrangement
A

Circular Scale |
Fri 6ti0n
Screw

Thimble

Measuring Rods



Pitth  Diston movey
b? Yad SCRud im

1 Rotakion




e The distance between two consecutive threads of the screw
e The distance moved by the screw due to one complete rotation

of the cap.

If the ~~g~ ~~~1ces by 5 mm for 10 rotation

= — =0.5 mm.
10
0 R = Sm
{LR _5 6 Mn, Thread Angle
(O
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o Least Count

)

Total cap division is 100, then least count =
0.5 mm/100 = 0.005 mm

Pitch
Least count (L.C.) = No. of circular scale divisions
LC: P'é'(l" 05""“’)
Iy oo =0. OOsmM




If the screw on a screw - gauge is given six rotations, it moves by 3

mm on the main scale. If there are 50 divisions on the circular scale

the least count of the screw gauge is: [JEE Main 2020]
A. 0.001 cm bR > 3mm
B. 0.02 mm 1R > 2 mm
C. 0.0lcm 6
D. 0.001 mm Pltch= 0.5mm
N=50
L ( = 0. Sf\’l'\q
it
50
=0-00|um



Using screw gauge of pitch 0.1 cm and 50 divisions on its

circular scale, the thickness of an object is measured. It

should correctly be recorded as [JEE Main 2020]
A. 2.121cm L.¢ = P'tch — o.|cm
B. 2.124 cm N X
C. 2.125cm &' 0.002_ (m,

D. 2.123cm 0.004 Q

O.00( D
0-003,)



1. Note down Linear Scale Reading (LSR).

2. Now find the division on Circular scale that is
aligned with axis to get Circular Scale Reading
(CSR).

3. Apply the formula

AY
1 = LC = 0.01 mm
AU
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" ol
Reading
Total reading = LSR(mm) + (CSR x LC)

— 1. 5mm + (ZL\)(O-O”V‘"')
= 7.5+ 0.24
= 77L| m w




J

N - o ° °
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o Positive Error

I

Positive error must be subtracted

Fosibive et = 0-02L Ky

Fc{:ual

Velu, — (Rcao()?) ._<+e‘)’;”l)




J

% 0
o Negative Error

I

Magnitude of negative error must be added




(a)

No zero error Positive zero ermror Negative zero ermor




A screw gauge has 50 divisions on its circular scale. The circular
scale is 4 units ahead of the pitch scale marking, prior to use.
= on one complete rotation of the circular scale, a displacemen
N=50 Up olete rotation of th | le, a displ t
P VL £ of 0.5 mm is noticed on the pitch scale. The nature of zero error
S ov ) . :
< involved, and the least count of the screw gauge are respectively.
. — . [JEE Main 2020]
F/{;ch =0.5mn  A. Negative, 2um
B. Positive 10 ym
L C 0 C. Positive, 0.1 mm
-G =20V 0 -
— M D. Positive 0.1 ym
50
= 0.5 000 um
So
~
\
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In an experiment to find out the diameter of wire using screw gauge, the
following observations were noted

' S mn . . .
2 tch=05Z a. Screw moves 0.5 mm on main scale in one complete rotation

N=50 <= b. Total divisions on circular scale = 50 e " 7

_E_E 7

L.C.= 0.5mm c. Main scale reading is 2.5 mm /
So d. 45™ division of circular scale is in the pitch line

LC.=0.0]lwn e. Instrument has 0.03 mm negative error

Then the diameter of wire is: Req&inj’: LSR‘\'@SR“FL()[JEE Main 2022]
A. 292 mm — QS—)- L‘SXO.O)
2.54 mm
adling = X35 mym;

B
C. 298 mm
D. 3.45 mm




AC&MO&( =3 .?95",L 0.03




The pitch and the number of divisions, on the circular scale for given

screw gauge are 0.5 mm and 100 respectively. When the screw

gauge is fully tightened without any object, the zero of its circular

scale lies 3 division below the mean line.

The readings of the main scale and the circular scale, for a thin

sheet, are 5.5 mm and 48 respectively, the thickness of the sheet is:

A.

B
C.
D

5.755 mm
5.950 mm
5.725 mm
5.740 mm

[JEE Main 2019]






Errors in Vernier Caliper

FM' GF 1 (L ELE L LA LA 2. [ BRI RA RGP AR
Aon cod | T

01234567890 01234567890

-0.02 cm



The smallest division on the main scale of a Vernier calipers is 0.1 cm. Ten
divisions of the Vernier scale correspond to nine divisions of the main scale. The
figure below on the left shows the reading of this calipers with no gap between its
two jaws. The figure on the right shows the reading with a solid sphere held

L {msp= 0.l om between the jaws. The correct diameter of the sphere 1s

0 main scale 1 3 main scale 4
lovsSb= 9 MSD mgR=3-lem
. _ St
1vsd=0-3MSD V& Illllw vse= |
Errwh 6
l Vsb=o. IXo. ‘ O 0 Vernierscale 10 0 Vernierscale 10

[} ved :om

L-c. = \Msy -
G =IMSv-vepd QQQA.',\;]—.—_ 3.0 4 \ Xxo.0) [JEE Advanced 2021]

(A)3.07cm (B) 3.11 cm \(%15 cm (D) 3.17cm

= 0\an— 0.0 Yum o
e i —30\
A L.c = 0.0\ um [K@A}—Z \01
\




x = €t 5M3IB
6 vép=€& ‘,-._S_MSD
CVSD-SMSDy = @

£p09)-S(-D=e

054-0.50 =@©

main scale

Vernier scale

10



Actucl = Reading +/«3§§a

= 3.1|+ o0.04
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There are two Vernier calipers both of which have 1 ecm (h\ulod into 10 equal divisions on the

main scale. The Vernier scale of one of the ¢ alipers (C;) has 10 equal divisions that

correspond to 9 main scale divisions. The Vernier scale of fh< other caliper (C,) has 10 equal

divisions that correspond to 11 main scale divisions. The readings of the two calipers are

shown in the figure. The measured values (in em) by calipers C, and C,, respectively, are

(A) 2.85 and 2.82 | 2.87and 2.83 (C) 2.87 and 2.86 (D) 2.87 and 2.87

@mSD:O.J;J

[OVSD = gmsd
lvsb=o0.9m88 |

[JEE Advanced 202%]

L.C = |m&p-1WSD = |mMgpy —pgmed
= 0.1m¢h = 0.0)



MR =2 -8
Vo= 7%
Reading= 2. 8cm + 7 X 6.0 cm

[R_=2 87

lo vsp = || MSD

@Sb: LImSd | =1).1%0.0= 6.1lom
L.C = IMSh-1VED —@ww\qq
= IMSh—1.imshy Comnot

be_
= ~o.{mSd =-q.0lw, W



x= 2. 6L
g,-_-_7\/SD = 7 X0 ||wn
5 =0.1770m

IQeAJJ'\ﬂ =xX- Y
= 3.6-0.77

@w;z Q.xzuj
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