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UNIT & DIMENSION, BASIC MATHS AND VECTOR

KEY CONCEPT

PHYSICAL QUANTITIES AND UNITS

Physical quantities :
All quantities that can be measured are called physical quantities. eg. time, length, mass, force, work
done, etc. In physics we study about physical quantities and their inter relationship.
Measurement :
Measurement is the comparison of a quantity with a standard of the same physical quantity.
Classification :
Physical quantities can be classified on the following bases :
L Based on their directional properties
Scalars:The physical quantities which have only magnitude but no direction are called scalar quantities.
Ex. mass, density, volume, time, etc.
2.  Vectors : The physical quantities which have both magnitude and direction and obey laws of vector

algebra are called vector quantities. Ex. displacement, force, velocity, etc.

II. Based on their dependency

1. Fundamental or base quantities : A set of physical quantities which are completely independent of
each other and all other physical quantities can be expressed in terms of these physical quantities is
called Set of Fundamental Quantities.

2.  Derived quantities : The quantities which can be expressed in terms of the fundamental quantities
are known as derived quantities. Ex. Speed (= distance/time), volume, acceleration, force, pressure,
etc.

Physical quantities can also be classified as dimensional and dimensionless quantities or constants
and variables.

Ex. Classify the quantities displacement, mass, force, time, speed, velocity, acceleration, moment of inertia,
pressure and work under the following categories :

(a) base and scalar (b) base and vector (c) derived and scalar (d) derived and vector

Ans. (a) mass, time (b) displacement (c) speed, pressure, work
(d) force, velocity, acceleration

Units of Physical Quantities
The chosen reference standard of measurement in multiples of which, a physical quantity is expressed
is called the unit of that quantity. Four basic properties of units are :

1. They must be well defined.

2. They should be easily available and reproducible.

3. They should be invariable e.g. step as a unit of length is not invariable.
4. They should be accepted to all.

System of Units :

1.  FPS or British Engineering system :

In this system length, mass and time are taken as fundamental quantities and their base units are foot
(ft), pound (Ib) and second (s) respectively.
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2.

CGS or Gaussian system :

In this system the fundamental quantities are length, mass and time and their respective units are
centimetre (cm), gram (g) and second (s).

MKS system :

In this system also the fundamental quantities are length, mass and time but their fundamental units
are metre (m), kilogram (kg) and second (s) respectively.

International system (SI) of units :

This system is modification over the MKS system and so it is also known as Rationalised MKS
system. Besides the three base units of MKS system four fundamental and two supplementary units
are also included in this system.

Classification of Units : The units of physical quantities can be classified as follows :

1.

Ex.

Fundamental or base units :
The units of fundamental quantities are called base units. In SI there are seven base units.

SI BASE QUANTITIES AND THEIR UNITS

S.No. Physical quantity SI unit Symbol
1. Length metre m
2. Mass kilogram kg
3. Time second s
4. Temperature Kelvin K
5. Electric current ampere A
6. Luminous intensity candela cd
7. Amount of substance mole mol

Derived units :
The units of derived quantities or the units that can be expressed in terms of the base units are called
derived units

unit of distance  metre 4
= =msS

Unit of speed =

unit of time second

Some derived units are named in honour of great scientists.
* Unit of force —newton (N) e« Unit of frequency — hertz (Hz) etc.

UNITS OF SOME PHYSICAL QUANTITIES IN DIFFERENT SYSTEMS

Type of Physical CGS MKS FPS
Physical Quantity (Originated in | (Originated in | (Originated in
Quantity France) France) Britain)
Length cm m ft
Fundamental Mass g kg Ib
Time S S S
Force dyne newton(N) poundal
Derived V]‘E’r(l’gfg‘; erg joule(J) fi-poundal
Power erg/s watt(W) ft-poundal/s
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Dimensions :

Dimensions of a physical quantity are the powers (or exponents) to which the base quantities are
raised to represent that quantity. To make it clear, consider the physical quantity force. As we shall
learn later, force is equal to mass times acceleration. Acceleration is change in velocity divided by
time interval. Velocity is length divided by time interval. Thus,
force = mass x acceleration
velocity length / time

=mass Xx — —— =mass Xx — . =mass X length X (time)
time time

Thus, the dimensions of force are 1 in mass, 1 in length and -2 in time. The dimensions in all other
base quantities are zero.

1. Dimensional formula :
The physical quantity that is expressed in terms of the base quantities is enclosed in square brackets to
remind that the equation is among the dimensions and not among the magnitudes. Thus above equation
may be written as [force]= MLT2.
Such an expression for a physical quantity in terms of the base quantities is called the dimensional
formula. Thus, the dimensional formula of force is MLT-2. The two versions given below are equivalent
and are used interchangeably.
(a) The dimensional formula of force is MLT2.
(b) The dimensions of force are 1 in mass, 1 in length and -2 in time.
The dimensional formula of any physical quantity is that expression which represents how and which
of the base quantities are included in that quantity.

Ex. Dimensional formula of mass is [M'L° T°] and that of speed (= distance/time) is [M°L'T']

2.  Applications of dimensional analysis :

(i) To convert a physical quantity from one system of units to the other :
This is based on a fact that magnitude of a physical quantity

remains same whatever system is used for measurement n, = numerical value in IT system

i.e. magnitude = numeric value (n) x n, = numerical valueinIsystem
M, = unitofmass in [ system

M, = unitofmassin Il system

L, = unitoflengthin [ system

L, = unitoflengthinIl system
T
T

unit (u) = constant or n u, =n,u,

So if a quantity is represented by [M*L"T¢]

— ul _ Ml ' Ll ' Tl :
Then | D =1y u_2 =n M_2 L_2 T_2
Ex. 1Im=100cm=3.28 ft =39.4 inch
S (CGS) (FPS)
Ex. The acceleration due to gravity is 9.8 m s™. Give its value in ft s
Sol. AsIm=32ft .. 9.8m/s>?=9.8x 3.28 ft/s>=32.14 ft/s* ~ 32 ft/s?
Ex. Convert 1 newton (SI unit of force) into dyne (CGS unit of force)

Sol. The dimensional equation of force is [F] =[M'L! T-?]
Therefore if n s U, and n,, u, corresponds to SI & CGS units respectively, then

M L] ke m s ] 5
n,= le L2 T2 =1 o J S =1x 1000 x100x 1=10

. 1 newton = 10° dyne.

, = unitoftimeinlsystem
, = unitoftime in I system
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Q.

Ans.

(i)

Ex.

Sol.

(iii)

Ex.

Sol.

The value of Gravitational constant G in MKS system is 6.67 x 10~ N-m?/kg?.

What will be its value in CGS system ?

6.67 x 107® cm?/g §?

To check the dimensional correctness of a given physical relation :

If in a given relation, the terms on both the sides have the same dimensions, then the relation is
dimensionally correct. This is known as the principle of homogeneity of dimensions.

g
The dimensions of LHS = the dimension of T = [M° L° T!]

Check the accuracy of the relation T = 27 \/E for a simple pendulum using dimensional analysis.

dimensions of length

The dimensions of RHS = | — : -
dimensions of acceleration

J (. 2m is a dimensionless constant)

L 1/2
— — 2\1/2 _ — 0710 1
-(LT_ZJ =(T)" = [T] = [M'L°T']

Since the dimensions are same on both the sides, the relation is correct.
To derive relationship between different physical quantities :
Using the same principle of homogeneity of dimensions new relations among physical quantities can
be derived if the dependent quantities are known.
It is known that the time of revolution T of a satellite around the earth depends on the universal
gravitational constant G, the mass of the earth M, and the radius of the circular orbit R. Obtain an
expression for T using dimensional analysis.
We have [T] = [G]* [M]° [R]*

[MI° [L]° [T]" = [M]™* [L]* [T x [M]°x [L]* = [M]>* [L]*** [T] >
Comparing the exponents

1
For [T]: 1=-2a = a:—E

1
For[M]: O=b-a = b:a:—a

3
For[L]: O=c+3a :c:—3a:§

3
Putting the values we get T =G> M2 R = R
GM
R3
So the actual expression is T = 27,/ ——
GM

Limitations of this method :

@)

(i)

In Mechanics the formula for a physical quantity depending on more than three physical quantities
cannot be derived. It can only be checked.

This method can be used only if the dependency is of multiplication type. The formulae containing
exponential, trigonometrical and logarithmic functions can't be derived using this method. Formulae
containing more than one term which are added or subtracted like s = ut +at*/2 also can't be derived.
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@) The relation derived from this method gives no information about the dimensionless constants.

(iv) If dimensions are given, physical quantity may not be unique as many physical quantities have the
same dimensions.

(v) Itgives no information whether a physical quantity is a scalar or a vector.

Units and Dimensions of Physical Quantities
Quantity Common Symbol SI unit Dimension
Displacement S METRE (m) L
Mass m, M KILOGRAM (kg) M
Time t SECOND (s) T
Area A m? L?
Volume \Y% m’ L’
Density p kg/m? M/L?
Velocity v, u m/s L/T
Acceleration a m/s? L/T?
Force F newton (N) ML/T?
Work w joule (J) (=N —m) ML?/T?
Energy E,U,K joule (J) ML?/T?
Power P watt (W) (=]/s) ML2/T?
Momentum p kg-m/s ML/T
Gravitational constant G N-m?/kg? L3/MT?
Angle 0, ¢ radian
Angular velocity ® radian/s T!
Angular acceleration o radian/s? T2
Angular momentum L kg-m?*/s ML*T
Moment of inertia I kg-m? ML?
Torque T N-m ML%/T?
Angular frequency ® radian/s T!
Frequency v hertz (Hz) T
Period T S T
Young's modulus Y N/m? M/LT?
Bulk modulus B N/m? M/LT?
Shear modulus n N/m? M/LT?
Surface tension S N/m M/T?
Coefficient of viscosity n N-s/m? M/LT
Pressure P, p N/m?, Pa M/LT?
Wavelength A m L
Intensity of wave I W/m? M/T?
Temperature T KELVIN (K) K
Specific heat capacity ¢ J/kg-K L%/T*K
Stefan's constant c W/m?-K* M/TK*
Heat Q J ML*/T?
Thermal conductivity K W/m-K ML/T*K
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Basic Mathematics used in physics
Plane-angle

It is measure of change in direction.
If a line rotates in a plane about one of its ends, the other end sweeps an arc.
Angle (0) between two orientation of the line is defined by ratio of the arc

S
length(s) to length of the line(r) ~ 6 =— radian 0

r

Angles measured in anticlockwise and clockwise directions are usually taken positive and negative
respectively.

Angle is measured in radians (rad) or degrees. One radian is the angle subtended at the centre of a
circle by an arc of the circle, whose length is equal to the radius of the circle.

22 .
nt rad= 180° n=3.1415= —
7 ‘ 0=1rad s=r
1°=60 (minute), 1'(minute) =60" (sec)
Example

Write expression for circumference of a circle of radius 'r'.
Solution
s = (Total angle about a point) r = 2nr
Trigonometrical ratios (or T-ratios)
Let two fixed lines XOX' and YOY" intersecting at right angles to each other at point O.
e Point O s called origin.
e Line XOX' is known as x—axis and YOY" as y—axis.
¢ Regions XOY, YOX, XOY' and Y'OX are called I, II, III and IV quadrant respectively.
Consider a line OP making angle 6 with OX as shown. Line PM

Y
is perpendicular drawn from P on OX. In the right angled triangle .
OPM, side OP is called hypotenuse, the side OM adjacent to angle <
0 is called base and the side PM opposite to angle 0 is called the X 0 = X
perpendicular.
Following ratios of the sides of a right angled triangle are known as v
trigonometrical ratios or T-ratio
perpendicular  MP base oM perpendicular MP
sin 0 = h = cos 0 = = tan O = =
ypotenuse ~ OP hypotenuse ~ OP base OM
base OM hypotenuse ~ OP hypotenuse  OP
cot = = sec 0 = = cosec O = . =
perpendicular MP base OM perpendicular ~ MP
1
cosecH =— secO = cotO =
sin© cos0 tan 0

Some trigonometric identities
sin’0 + cos’0 =1 1 + tan’0 = sec?0 1 + cot?0 = cosec’0
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Example

Givensin 0 = 5 Find all the other T—ratios, if 0 lies in the first quadrant.

Solution

. 3
In AOMP, sin 0 = 5 SoMP=3and OP=5 - OM = /(52 —(3)> =/25-9 =./16 =4

Noweos0= D % g MP_3 o OM_4 P
owcosf=-"-0 =7 tan0= =7 cotd="1n=7 :
3
_OP 5 ,_OP_5
sec 0= "5 r=7 cosec O =15 =7 A "
4
T-ratios of some commonly used angles
s T T T
Tradl| ™ T rad| T
Angle (0) 0 rad ¢ @ 2 rad 3 T 5 rad
0° 30° 45° 60° 90°
) 1 1 3
- — Al 1
sin 0 0 5 NG 5
B L | 1
cos 0 1 - NG 5 0
1
tan 0 0 Nel 1 J3 0
sin (90°—0)=cos0 sin (180°-0)=sin6 sin (360°—0)=—sinO

cos (90°—0)=sin0 cos (180°—0)=—cosH cos (360°—0)= cosO
tan (90°-0)=cot0 tan (180°—0)=—tan0 tan (360°-0)=—tan0

sin (90°+0)=cos0 sin (180°+60)=—sin6 sin (—0)=-sin0
cos (90°+0)=—sin® | | cos (180°+0)=—cos6 cos (—0)=cos0
tan (90°+0)=—cotO || tan (180°+6)=tand tan (—0)=—tan0

When 0 is very small we can use following approximations : cos 0 ~ 1

sin0=0

If O is in radians
tan0 =0

tan O = sin 0.
In the given right angled triangle we have very commonly used T-ratios

sin37° = cos37° = 4 tan37° =—

53¢

sin 53° = cos53° = tan 53° =

wW|lhr ~lw

5
3
5

wm|s Wn|w

37°
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Example

Find the value of (1) cos (—60°) (i1) tan 210° (iii) sin 300°
(iv) cos 120°

Solution

1
(1) cos (-60°) = cos 60° =5

1
(i1) tan 210° = tan (180° + 30°) = tan 30° = E

3
(iii) sin 300° = sin (270° + 30°) = — cos 30° :—§

1
(iv) cos 120° = cos (180° — 60°) = — cos60° = )

VECTORS

Precise description of laws of physics and physical phenomena requires expressing them in form of
mathematical equations. In doing so we encounter several physical quantities, some of them have
only magnitude and other have direction in addition to magnitude. Quantities of the former kind are
referred as scalars and the latter as vectors and mathematical operations with vectors are collectively
known as vector analysis.

Vectors

A vector has both magnitude and sense of direction, and follows triangle law of vector addition.
For example, displacement, velocity, and force are vectors.

Vector quantities are usually denoted by putting an arrow over the corresponding letter, as A or 3.
Sometimes in print work (books) vector quantities are usually denoted by boldface letters as A or a.

Magnitude of a vector A is a positive scalar and written as |A| or A.

Geometrical Representation of Vectors.

e.g.

A vector is represented by a directed straight line, having the magnitude and direction of the quantity
represented by it.

if we want to represent a force of 5 N acting 45° N of E P

(1) We choose direction coordinates. W E
(i1) We choose a convenient scale like 1 cm = IN

(111)) We draw a line of length equal in magnitude and in the direction of S

vector to the chosen quantity.
(iv) We put arrow in the direction of vector.

AB

Magnitude of vector:

‘ﬁ‘:sN

By definition magnitude of a vector quantity is scalar and is always positive. lem=1N
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TERMINOLOGY OF VECTORS
Parallel vector: 1f two vectors have same direction, they are parallel to each other. They may be

located anywhere in the space.
/
b

Antiparallel vectors: When two vectors are in opposite direction they are said to be antiparallel vectors.

Equality of vectors: When two vectors have equal magnitude and are in same direction and represent
the same physical quantity, they are equal.

1.e. a=b

g

b

Thus when two parallel vectors have same magnitude they are equal. (Their initial point & terminal
point may not be same)

Negative of a vector: When a vector have equal magnitude and is in opposite direction, it is said to be
negative vector of the former.

ie. a=—borp=-3a

g

-b

Thus when two antiparallel vectors have same magnitude they are negative of each other.

Remark : Vector shifting is allowed without change in their direction.

Angle Between two Vectors

It is the smaller angle formed when the initial points or the terminal points of the two vectors are
brought together. It should be noted that 0° < 6 < 180°.

el N

Addition Of Vectors:
Parallelogram law of addition:
Steps:

(i) Keep two vectors such that there tails coincide.
(i) Draw parallel vectors to both of them considering both of them as sides of a parallelogram.

(iii) Then the diagonal drawn from the point where tails coincide represents the sum of two vectors,
with its tail at point of coincidence of the two vectors.

2

—_—
a
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(1) Z___, (i1)

a

=)

Addition of more than two Vectors

The triangle law can be extended to define addition of more than two [}
vectors. Accordingly, if vectors to be added are drawn in head to tail P

fashion, resultant is defined by a vector drawn from the tail of the first %
vector to the head of the last vector. This is also known as the polygon =

rule for vector addition.

Operation of addition of three vectors A, B and C and their resultant P are shown in figure.
A+B+C=P
Here it is not necessary that three or more vectors and their resultant are coplanar. In fact, the vectors

to be added and their resultant may be in different planes. However if all the vectors to be added are
coplanar, their resultant must also be in the same plane containing the vectors.

Subtraction of Vectors

A vector opposite in direction but equal in magnitude to another vector A is known as negative

vectorof A .Itiswrittenas —A . Addition of a vector and its negative vector results a vector of zero

magnitude, which is known as a null vector. A null vector is denoted by arrowed zero (() .
The idea of negative vector explains operation of subtraction as addition of negative vector. Accordingly
to subtract a vector from another consider vectors A and B shown in the figure. To subtract B from

A, the negative vector —B is added to A according to the triangle law as shown in figure-II.

If two vectors 3 & b are represented by OA & OB then their sum 3 + b is a vector represented by oC,

where OC is the diagonal of the parallelogram OACB.

«d+b=b+a (commutative) * (@+b) +¢ = a+(b+0¢) (associativity)
«d+0=a=0+3 «d+(-d)=0=(-d)+d
*|a+b|<|d|+|b] *|a-b[>[|a|-|b]|

a+b ‘ = \/| aff +| b P +2|a]| b |cos® where 0 is the angle between the vectors
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Some Important Results :

(1) If6=0°= d|b

then, |R |=|d|+|b| & |R | is maximum

2 If6=n= aant| b

then, |ﬁ |:‘|5|—|B|‘ & |ﬁ| is minimum

o)

=
|

B) If0=n2=3a L b

o
jop

R=\a?+b?
& tan o = b/a (o is angle made by g with a)
4 |d|=|b| =2

IR | =2acos0/2 & o= 6/2 AZB
a

(5) If || = |b| =a &6 =120°

Qo

then [R | =a
4.  Multiplication Of A Vector By A Scalar:
Ifa is avector & mis a scalar, then m a is a vector parallel to @ whose modulus is | m | times that of a.
Thismultiplication is called ScCALAR MuLTIPLICATION. If @ and bare vectors & m, n are scalars, then:
m (a)=(a) m=ma
m (na)= n(ma) = (mn)a
(m+n) a=ma + na
m (a+b) = ma + mb

Resolution of a Vector into Components
Following laws of vector addition, a vector can be represented as a sum of two (in two-dimensional
space) or three (in three-dimensional space) vectors each along predetermined directions. These
directions are called axes and parts of the original vector along these axes are called components of
the vector.

UNIT VECTOR:
A unit vector is a vector of magnitude of 1, with no units. Its only purpose is to point, i.e. to describe
a direction in space.

A unit vector in direction of vector A is represented as A

B

& A =—=
[A]

or A can be expressed in terms of a unit vector in its directioni.e. A =|A|A

Unit Vectors along three coordinates axes:—

unit vector along x-axis is i

unit vector along y-axis is j

unit vector along z-axis is |
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Cartesian components in two dimensions
If a vector is resolved into its components along mutually perpendicular
directions, the components are called Cartesian or rectangular
components.

In figure is shown, a vector A resolved into its Cartesian components

Ax and Ay along the x and y-axis. Magnitudes A and Ay of these

components are given by the following equation.
A =Acos® and Ay = Asinf

A

A=Ai+A,]

A=A +AS

Here i and 3 are the unit vectors for x and y coordinates respectively.
Mathematical operations e.g. addition, subtraction, differentiation and integration can be performed
independently on these components. This is why in most of the problems use of Cartesian components
becomes desirable.

Cartesian components in three dimensions l

A vector A resolved into its three Cartesian components one

along each of the directions x, y, and z-axis is shown in the figure.

A=A +A +A =Ai+A j+Ak

A= A2+ A+ A] x

Product of Vectors

In all physical situation, whose description involve product of two vectors, only two categories are
observed. One category where product is also a vector involves multiplication of magnitudes of two
vectors and sine of the angle between them, while the other category where product is a scalar involves
multiplication of magnitudes of two vectors and cosine of the angle between them. Accordingly, we
define two kinds of product operation. The former category is known as vector or cross product and
the latter category as scalar or dot product.

Scalar or dot product of two vectors

The scalar product of two vectors A and B equals to the product of =
their magnitudes and the cosine of the angle 6 between them.

A-B=ABcos®=0A-OB-cos0
The above equation can also be written in the following ways.

A-B=(Acos0)B=0P-OB A-B=A(Bcosd)=0A-0Q
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Above two equations and figures, suggest a scalar product as product of magnitude of the one vector and
magnitude of the component of another vector in the direction of the former vector.
KEY POINTS
e Dot product of two vectors is commutative: A-B=B-A
. If two vectors are perpendicular, their dot product is zero. A-B=0,if A 1 B
. Dot product of a vector by itself is known as self-product. A-A =A> = A=A A
L(AB
. The angle between the vectors 6 = cos AR
A 4 R
. (a) Component of A indirection of B i' '
— — A — A_B A A.]__D; A — A\ A o 5% E\':f.‘:‘.‘: .................
A=(|Alcos)B=All == |B=| == |[B=(AB)B B A
! |AllB] [B]
(b) Component of A perpendicularto B : A L= A- A”
. Dot product of Cartesian unit vectors: j.j=j-j=k-k=1
i-j=j-k=k-i=0
e IfA= Axi + ij + AZIA< and B= Bxi + Byj + BZIA< , their dot product is given by
A-B=AB +AB +AB,
Solved Examples
1.  Twodisplacement vectors of same magnitude are arranged in the following manner
M \u= an () ‘ (1V) L/'
Magnitude of resultant is maximum for
(A) casel (B) case Il (C) case 111 (D) case IV
Ans. (B)
Sol. Magnitude of Resultantof A and B = \/ A’ +B* +2ABcos 0 which is maximum for 6 = 30°
2. Two vectors P and Q are added, the magnitude of resultant is 15 units. If Q isreversed and added to P
resultant has a magnitude /113 units. The resultantof P and a vector perpendicularto P and equal in
magnitude to O hasa magnitude
(A) 13 units (B) 17 units (C) 19 units (D) 20 units
Ans. (A)
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Sol.

Ans.

Sol.

P? + Q% + 2PQcos0 = 225 ...()
P? + Q> —2PQcos6 = 113 ...(ii)
By adding (i) & (ii) 2(P> +Q?) = 338

P2+ Q=169 = \[P* +Q* =13
Three forces are acting on a body to make it in equilibrium, which set can not do it?
(A)3N,3N,7N (B)2N,3N,6N O2N, 1IN, 1IN (D)8SN,6N, I N

(A, B, D)

They must form a triangle. (a+ b >c¢)

Keeping one vector constant, if direction of other to be added in the first vector is changed continuously,

tip of the resultant vector describes a circle. In the following figure vector a is kept constant. When

vector ;, added to g changes its direction, the tip of the resultant vector 7 = G + b describes circle of

radius b with its center at the tip of vector 4. Maximum angle between vector g and the resultant

F=ad+b 1
? """"""""
: B
a
(b -1 b
(A) tan = (B) tan W (C) cos™! (1/a) (D) cos™ (a/r)

Ans. (A,B,C)

Sol.

Ans.

Sol.

Ans.

T

Angle between j and j is maximum when j is tangent to circle.

IfA=2i+j+k and B=10} + 5j+ 5k , if the magnitude of component of (E —A) along A is 4+/x .
Then x will be.

6

r=]§—2&=4(2§+3+f<)

rcOsez?.A=4(4+1+1) _4fs

AT %

x=6

The component of A =i + j +5k perpendicular to B = 3] + 43 is

A

4~ 3~ _a 8 » 6 ~
- i+—j+5k ——i-—j+5k
(A) 7351755 B) =35 !

45 34 s 8: 6+ .o

—i—-—j+5k +—i——j+5k
25 © 35 ! (D) +551 755
©

25
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Acos >B
A”—AcosezA[A BJ
B
_AB 3+4 7
B 5 5
L 7(3i+45) T
=— =—|(3i+4
” 5( 5 j 553+41)
-~ 21, 284
1 =51t 5<)
25 25
~oa 21~ 284
A =|i+]j+5k)-| —i+—
o= (i+] )(25 250

B RN Y
25 25

ALGEBRA : SOME USEFUL FORMULAE

Quadratic equation and its solution

An algebraic equation of second order (highest power of the variable is equal to 2) is called a quadratic
equation. General quadratic equation is ax® + bx + ¢ = 0. The general solution of the above quadratic

. . ) ~b++/b* —4ac
equation or value of variable x is x =

2a
~b++/b* —4ac —b—+/b’ —4ac
= X = and X, =
2a 2a
Example

Solve 2x2+5x—-12=0
Solution

By comparison with the standard quadratic equation a=2,b=35and c=-12

—5+4(5)° —4x2x(-12) —5+~/121 511 +6 -16 3
X = = =————=—,—" = x=757,-4
2x2 4 4 4° 4 2
Binomial approximation

In case, x is very small, then terms containing higher powers of x can be neglected. In such a case,
(I1+x)"=1+nx

Also (1 +x)"=1-nx and (1 —x)"=l-nx and (1 —x)" =1 +nx
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Exponential Expansion
2 3 X2 X3
S=1+x+—+—+........ and e*=1—-x+ ———+........
2! 3l 2! 3!
Componendo and dividendo theorem :
p a + a+b
If — =7 then by componendo and dividendo theorem ——— =
b p—q a-b
Determinant
D ab d—b -3 3 1 2 -4
= =ad—>opcC = . = —
. , For example 51 3 3
a, a, a,
b, b b, b b, b
D= b1 b2 s |=a, 2 Y3 a, 1 Y3 a, 1 2
c, ¢ C C G ¢ G ¢ G
Example
5 4 3
216—16426+321
—Jlg 9 79 78 =5(9-48)-4(18-42) +3(16-7) =-72
7 8 9
Logarithm

log, x=/nx (base e) log x =log , x (base 10)
(a) Product formula log mn =log m + log n (b) Quotient formula logE = logm — logn
n

(c) Power formula log m"=nlogm

GEOMETRY : SOME USEFUL FORMULAE

Formulae for determination of area :
* Area of a square = (side)’
* Areaof rectangle = length x breadth
* Areaof a triangle = (1/2) x base x height
* Areaofatrapezoid =(1/2) x (distance between parallel sides) x (sum of parallel sides)
* Areaenclosed by a circle = tr* (where r = radius)

* Areaofasectoracircle = %Or2 (where r =is radius and 0 is angle subtended at a centre) v

* Areaofellipse =mab (where a and b are semi major and semi minor A
axis respectively)

* Surface area of a sphere = 4nr*> (where r = radius)

* Areaof a parallelogram = base x height
* Area of curved surface of cylinder = 2nr/ (where r = radius and ¢ = length)
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*  Area of whole surface of cylinder = 2ntr(r + /) (where ¢ = length)

» Surface area of a cube = 6(side)?

» Total surface area of a cone = nr’+nr/ [where nr/ =mr, /2 . 1,2 = lateral area (h=height)]

Formulae for determination of volume :
*  Volume of a rectangular slab =length x breadth x height = abt

e Volume of a cube = (side)?

*  Volume of a sphere = 3 1’ (wherer =radius)

*  Volume of a cylinder = rt r*¢ (where r = radius and ¢ =length)

*  Volume of acone = 37 r’h (where r = radius and h = height)
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EXERCISE (S-1)

Units & Dimensions

1.

A particle s in a unidirectional potential field where the potential energy (U) of a particle depends on the x-
coordinate givenby U =k (1 —cos ax) & kand 'a’ are constants. Find the physical dimensions of 'a’' & k.
UD0001

The equation for the speed of sound in a gas states that v = \/yk,T /m . Speed v is measured in m/s, y is

a dimensionless constant, T is temperature in kelvin (K), and m is mass in kg. Find the ST unit for the
Boltzmann constant, k,?

UD0002
The time period (T) of a spring mass system depends upon mass (m) & spring constant (k) & length of the

Force

spring (/) { k= } . Find the relation among T, m, ¢ & k using dimensional method.

length

UD0003
The distance moved by a particle in time t from centre of a ring under the influence of its gravity is given by
X = a sinmt, where a & w are constants. If @wis found to depend on the radius of the ring (r), its mass (m)
and universal gravitational constant (G). Using dimensional analysis find an expression for min terms of r,
mandG.

UD0004

A satellite is orbiting around a planet. Its orbital velocity (v,) is found to depend upon
(A) Radius of orbit (R)
(B) Mass of planet (M)
(C) Universal gravitation constant (G)

Using dimensional analysis find an expression relating orbital velocity (v,) to the above physical quantities.
UD0005
Assume that the largest stone of mass 'm' that can be moved by a flowing river depends upon the velocity
of flow v, the density d & the acceleration due to gravity g. If 'm' varies as the K power of the velocity of
flow, then find the value of K.
UD0006

—

Given E =2 where symbols have their usual meaning. The dimensions of a s.
t

UD0007
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2
Addition of vectors

8.  Anblockis applied two forces of magnitude SN each. One force is acting towards East and the other acting
along 60° North of East. The resultant of the two forces (in N) is of magnitude :-
UD0008
9.  Two forcesact on a particle simultaneously as shown in the figure. Find net force in milli newton on the

particle. [Dyne is the CGS unit of force]

100 dyne

60°
>

1.0 mili newton
UD0009
10. The maximum and minimum magnitudes of the resultant of two forces are 35 N and 5 N respectively. Find

the magnitude of resultant force when act orthogonally to each other.

UD0010
11. Three forces of magnitudes 2 N, 3 N and 6 N act at corners of a cube along three sides as shown in figure.

Find the resultant of these forces in N.
T3N

»2N

6N
UD0011

Resolution of vectors and unit vector

12. The farm house shown in figure has rectangular shape and has sides parallel to the chosen x and y axes.
The position vector of corner A is 125 m at 53° and corner Cis 100 m at 37° from x axis. Find the length

of the fencing required in meter.

Ay
AeB
D C
470153 .

UD0012
13. Vector B has x, y and z components of 4.00, 6.00 and 3.00 units, respectively. Calculate the magnitude of

B and the angles that B makes with the coordinates axes.
UD0013
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14.

15.

Three ants P, Q and R are pulling a grain with forces of magnitude 6N, 343N and 3+/2N as shown in the

figure. Find the magnitude of resultant force (in N) acting on the grain.

Ay

6N

3V3N 45°

3V2N

UD0014
Three boys are pushing horizontally a box placed on horizontal table. One is pushing towards north with a
53N force. The second is pushing towards east and third pushes with a force 10 N such that the box is

in equilibrium. Find the magnitude of the force, second boy is applying in newton.
UD0015

Scalar product of vectors

16.

17.

18.

19.

Consider the two vectors : [ =1i+ 23’+ 3k and / =4i+ 53 +6k . Find the value of the scalar o such

that the vector [,—q/ is perpendicularto [.. UD0016

Find components of vector g = i+ j + 3k indirections parallel to and perpendicular to vector h=i+ } .

UD0017
(a) Calculate T =a —b+¢ where a :5f+43'—612, b= —2iA+23+31A< and 6:4f+3j+212-
(b) Calculate the angle between 7 and the z-axis.

(c) Find the angle between a and b UDO0018

If the velocity of a particle is ( 27 + 3} — 4k ) and its accelerationis (- + 23 + k) and angle between them

nm
is T . The value of n is. UD0019

Method of approximation

20.

21.

22.

Quito, a city in Ecuador and Kampala, a city situated in Uganda both lie on the Equator. The longitude of
Quito is 82°30" W and that of Kampala is 37°30' E. What is the distance from Quito to Kampala.

(a) along the shortest surface path

(b) along a direct (through-the-Earth) path? (The radius of the Earth is 6.4 x 10° m) UD0020

Use the approximation (1 + x)" ~ 1+ nx, x| << 1, to find approximate value for

1
(a) \J99 ®) To1 UD0021

Use the small angle approximations to find approximate values for (A) sin 8° and (B) tan 5°
UD0022
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EXERCISE (S-2)

nRT

a
— where n, P,
V—-b T"V(V+b)

The equation of state for a real gas at high temperature is givenby P =

V & T are number of moles, pressure, volume & temperature respectively & R is the universal gas

constant. Find the dimensions of constant a in the above equation.

UD0023
If Energy (E), velocity (v) and time (T) are fundamental units. What will be the dimension of surface
tension?
UD0024
In system called the star system we have 1 star kilogram = 10?° kg. 1 starmeter = 10 m,
1 starsecond = 10%s then calculate the value of 1 joule in this system.
UD0025

A vector 4 of length 10 units makes an angle of 60° with the vector B of length 6 units. Find the

magnitude of the vector difference 4 — B & the angle it makes with vector A.

UD0026
A bird is at a point P (4, -1, -5) and sees two points P (-1,-1,0)and P, (3,~1,-3). At time t =0, it starts
flying with a constant speed of 10 m/s to be in line with points P, and P, in minimum possible time t. Find

t, if all coordinates are in kilometers.
UD0027
In the figure, F and F,, the two unknown forces give a resultant force of 803 N along the y—axis. Itis

required that F, must have minimum magnitude. Find the magnitudes of F, and F,.

v

307/ F
Fz\g |
X UD0028

A particle is displaced from A =(2,2,4) to B =(5,-3,-1). A constant force of 34 N acts in the direction

of 4P, where P=(10,2,-11). (Coordinates are in m).

(i) Find the F . (ii) Find the work done by the force to cause the displacement.
UD0029
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EXERCISE (0O-1)

SINGLE CORRECT TYPE QUESTIONS

Units & Dimensions

1.

The dimensional formula for which of the following pair is not the same

(A) impulse and momentum (B) torque and work
(C) stress and pressure (D) momentum and angular momentum
UD0030
Which of the following can be a set of fundamental quantities
(A) length, velocity, time (B) momentum, mass, velocity
(C) force, mass, velocity (D) momentum, time, frequency
UD0031

Which of the following functions of A and B may be performed if A and B possess different dimensions?

(A)% (B)A+B (C)A-B (D) None
UD0032

b
The velocity v of a particle at time t is given by v = at + P where a, b and c are constants. The
c

dimensions of a, b and ¢ are respectively :—
(A)LT2 LandT (B) L% Tand LT? (OLT%,LTandL (D)L,LT and T?
UD0033
If area (A), velocity (v), and density (p) are base units, then the dimensional formula of force can be
represented as :-

(A)Avp (B) Av’p (©) Avp? (D) A’vp

UD0034
Density of wood is 0.5 g/ cc in the CGS system of units. The corresponding value in MKS units is :-
(A) 500 B)5 (©)0.5 (D) 5000

UD0035

ma 2kl

In a book, the answer for a particular question is expressed as b = 7{ 1+ %} here m represents
mass, a represents acceleration, ¢ represents length. The unit of b should be :-
(A)m/s (B) m/s? (C) meter (D) /sec

UD0036

The frequency f of vibrations of a mass m suspended from a spring of spring constant k is given by
f=Cm*k?, where C is a dimensionless constant. The values of x and y are, respectively

1 1 1 1 1 1
A)5.5 B) =575 © 575 (D) ~

9

N | —
N | —

UD0037
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9.  Ifforce, acceleration and time are taken as fundamental quantities, then the dimensions of length will be:
(A)FT? (B) F'A’T! (C)FA’T (D) AT?
UD0038
10. Inaparticular system the units of length, mass and time are chosen to be 10cm, 10 g and 0.1 s respectively.
The unit of force in this system will be equal to :-
(A)O.IN (B)IN (C) 10N (D) 100N
UD0039
11. The units of three physical quantities x, y and z are gcm? s, gs™ and cms™ respectively. The relation
among the units of X, y and z is :-
(A)z=x% B)y*=xz (C)x=yz? (D)x=yz
UD0040
12. The angle subtended by the moon's diameter at a point on the earth is about 0.50°. Use this and the fact
that the moon is about 384000 km away to find the approximate diameter of the moon.
—_ @b
(A) 192000 km (B) 3350 km (C) 1600 km (D) 1920 km
UD0041
13. Statement 1 : Method of dimensions cannot tell whether an equation is correct.
and
Statement 2 : A dimensionally incorrect equation may be correct.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.
UD0042
14. Theequation of the stationary wave is y = 2A sin ( Z;Ct ) cos ( sz ) which of the following statement is
wrong?
(A) The unit of ctis same as that of A. (B) The unit of x is same as that of A.
i 2me | 21X ) C . X
(C) The unit of —, lssameas that of Ve (D) The unit of 5 issameas that of N
UD0043
15. Due to some unknown interaction, force F experienced by a particle is given by the following equation.
F= _% F
Where A is positive constant and r distance of the particle from origin of a coordinate system. Dimensions
of constant A are :-
(A)ML?T? (B) ML*T (C) MLAT (D) MLT®

UD0044
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Addition of vectors

16.

17.

18.

19.

20.

21.

22,

23.

Three concurrent forces of the same magnitude are in equilibrium. What is the angle between the force?
Also name the triangle formed by the force as sides :-
(A) 60° equilateral triangle (B) 120° equilateral triangle
(C) 120°, 30°, 30° an isosceles triangle (D) 120° an obtuse angled triangle

UD0045
The resultant of two forces, one double the other in magnitude is perpendicular to the smaller of the two
forces. The angle between two forces is :-

(A) 150° (B)90° (C) 60° (D) 120°
UD0046
The resultant of two forces acting at an angle of 120° is 10 kg wt and is perpendicular to one of the forces.
That forceis:
10
(A) 103 kg wt (B) 20~/3 kg wt (C) 10 kg wt (D) N kg wt

UD0047
If the resultant of two forces of magnitudes P and Q acting at a point at an angle of 60° is V7 Q, then
P/Q is:-

3
A1 B) 5 ©2 (D)4

UD0048
There are two force vectors, one of SN and other of 12N at what angle the two vectors be added to get
resultant vector of 17N, 7N and 13N respectively.
(A) 0°, 180° and 90° (B) 0°,90° and 180°
(C) 0°,90° and 90° (D) 180°, 0° and 90°

UD0049

A body placed in free space, is simultaneously acted upon by three forces 131 , F2 and E . The body isin
equilibrium and the forces F, and E, are known to be 36 N due north and 27 N due east respectively.

Which of the following best describes the force E ?

(A) 36 N due south. (B) 53 N due 60° south of east

(C) 45 N due 53° south of west (D) 45 N due 37° north of west
UD0050

The ratio of maximum and minimum magnitudes of the resultant of two vectors A and B is3:2. The
relation between A and B is
(A)A=5B (B)SA=B (C)A=3B (D)A=4B

UD0051

Find the resultant of the following two vectors A and B.

A : 40 units due east and ; B : 25 units 37° north of west
(A) 25 units 37° north of west (B) 25 units 37° north of east

(C) 40 units 53° north of west (D) 40 units 53° north of east
UD0052
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24. Twovectors g and } addto give aresultant g = ; + p - In which of these cases angle between g and p

is maximum: (a, b, ¢ represent the magnitudes of respective vectors)

(A)c=a+b (B)c?=a?+b? (C)c=a-b (D) can not be determined
UDO0053
25. Ifthe angle between the unit vectors g and  is 60°, then |5 — ];| 1S :-
(A0 (B)1 ©2 (D)4

UD0054
26. A man moves towards 3 m north then 4 m towards east and finally 5 m towards 37° south of west. His
displacement from origin is :-

(A) 5V2m (B) Om (C©)1m (D)12m
UD0055
Resolution of vectors and unit vector
27. The projection of a vector, 7 = 3i 4+ } + 2k, onthe x—y plane has magnitude :—
(A3 (B)4 © J14 (D) 10
UD0056
28. Abird moves from point (1,-2) to (4, 2). If the speed of the bird is 10 m/s, then the velocity vector of the
bird is
(A) 5(7 —2j) (B) 5(4i +2]) (C) 0.6i +0.8] D) 6i +8;
UD0057

29. Personnel at an air post control tower track a UFO. At 11:02 am it was located at position A and at 11:12
am is was located at position B. Displacement vector of UFO is :

S’

11200
Z ,N m

~~~~~~~ 237 > >E
~~~~~~~~~~ .
1000m ™., 4
~~~~~~~~~ i800m
(A) 4001+ 2200 j+400k (B) 12001 +1000 j+ 800k
(C) 20001 +2200 j+2000k (D) 4001+1000 j+400k

UDO0058

30. A person pushes a box kept on a horizontal surface with force of 100 N. In unit vector notation force f

can be expressed as :

(A) 100 (i +5) (B) 100 (i - j) (©) 5042 (i-)) (D) 5042 (i+])
UD0059
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31.

32.

For the given vector A = 3] — 4} +10k , the ratio of magnitude of its component on the x-y plane and the

component on Z—axis is :-

(A)2 (B) % O 1 (D) None

UD0060
After firing, a bullet is found to move at an angle of 37° to horizontal. Its acceleration is 10 m/s? downwards.
Find the component of acceleration in the direction of the velocity.
(A) -6 m/s? (B) —4 m/s? (C) -8 m/s? (D) -5 m/s?

UD0061

Scalar product of vectors

33.

34.

35.

36.

37.

38.

In a methane (CH,) molecule each hydrogen atom is at a corner of a regular tetrahedron with the carbon

atom at the centre. In coordinates where one of theC—H bonds is in the direction of i + 3 +k ,an adjacent

C-Hbondinthe i — j—k direction. Then angle between these two bonds :-

-1 _z —1 % -1 _l —1 l
(A) cos 3 (B) cos 3 (C) cos 3 (D) cos 3

UD0062
If G and b are two unit vectors such that @ +2b and 53 —4b are perpendicular to each other then the

angle between a and b is :-

(A)45° (B) 60° (C) cos™ (éj (D) cos™ (%j
UD0063

The velocity of a particleis v = 61+ 2} —_2k.The component of the velocity of a particle parallel to vector
=i+ 3 +kis:-

(A) 6i+2]j+2k (B) 2i+2j+2k ©) i+]jrk D) 6 +2j-2k
UD0064

A particle moves from a position 3 +2j— 6k toaposition 141 +13]j+9k inmand a uniform force of

4i + j+3k Nacts on it. The work done by the force is :-

(A)200] (B) 100J (C)30017J (D)50017J
UD0065
Which of the following is perpendicular to ; — } —k?
(A)i+j+k B) —i +j+k ©i+j—k (D) none of these
UD0066

MULTIPLE CORRECT TYPE QUESTIONS
Which of the following statements about the sum of the two vectors A and B, is/are correct?
W |A+B<a+B  ®IA+B2a+B  (©|A+Bl2|A-B © |A+Bl>|a-5|
UD0067
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39. Priyasays that the sum of two vectors by the parallelogram method is R = 5. Subhangi saysitis R = i+ 4} .
Both used the parallelogram method, but one used the wrong diagonal. Which one of the vector pairs
below contains the original two vectors?

(A) A=+3i—2j; B=-2i +2] (B) A=-3i —2j; B=+2i +2]
(C) A=+3i +2j; B=+2i -2] (D) A=+3i +2j; B=-2i +2]
UD0068

40. For the equation x = AC sin (Bt) + D e B, where x and t represent position and time respectively, which
of the following is/are CORRECT :-

(A) Dimension of ACisLT! (B) Dimension of Bis T
(C) Dimension of AC and D are same (D) Dimension of Cis T
UD0069
COMPREHENSION TYPE QUESTIONS
Paragraph for Question no. 41 to 43
In a certain system of absolute units the acceleration produced by gravity in a body falling freely is denoted
by 5, the kinetic energy of a 500 kg shot moving with velocity 400 metres per second is denoted by 2000
& its momentum by 100.
41. Theunitoflengthis:-
(A)15m (B) 50 m (C)25m (D) 100 m
UD0070
42. Theunitoftimeis:-
(A)10s (B)20s (©)5s (D) 15s
UD0070
43. Theunitof massis :-
(A)200kg (B) 400 kg (C) 800 kg (D) 1200 kg
UD0070
Paragraph for Question Nos. 44 and 45
For any particle moving with some velocity (\7) & acceleration (Ei) , tangential acceleration & normal
acceleration are defined as follows
Tangential acceleration — The component of acceleration in the direction of velocity.
Normal acceleration — The component of acceleration in the direction perpendicular to velocity.
If at a given instant, velocity & acceleration of a particle are given by.
V=4i+3]
a=10i+15]+20k
44. Find the tangential acceleration of the particle at the given instant :-
2 n 17 2 ~ ~ “ 17 I ~
(A) 17(4i+3j) (B) ?(41+3J) () 17(4i-3j) D) ?(41—31)
UD0071
45. Find the normal acceleration of the particle at the given instant :-
~9i +12j+50k 9i—12j—-50k ~18i+24j+100k ___ 18i—24]j—100k
(a) ——— B3 (© - D) :

UD0071
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46.

47.

MATRIX MATCH TYPE QUESTION
Two particles A and B start from origin of a coordinate system towards point P (10, 20) and
Q (20, 10) respectively with speed 55 each. Both continue their motion for 10 s and then stop. There
after particle B moves towards particle A with speed 272 and after particle B meets particle A, they both
return to origin following a straight line path with speed 5~/5. Match the items of column-I with suitable
items of Column-II.

Column-I Column-II
(A) Tnitial velocity vector of A (P) (-5i-10j)
(B) Initial velocity of B (5 +10 j)
(C) Velocity vector of B while it moves towards A (101 +5 ])
(D) Velocity vector of A and B while they return to origin S) (2 -2 ])
(D) ( —2i+2 ])

UD0072
Column-I show vector diagram relating three vectors a, b and ¢. Match the vector equation in

column-1II, with vector diagram in column-1 :

Column-I Column-II

(A) P) d-(b+¢)=0
6 —
(B) /b Q b-c=3d
a
(C) R) F+b=-¢
® y S) F+b=c

UD0073
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48. Inaregular hexagon two vectors ﬁ) — A, RP = B. Express other vector's in term of them :-
Column-I Column-II

(A PS (P) -2B-3A

B) PpT (Q -B-A

© RS R) -B-2A

D) TS S) -2(B+A)

M A
UD0074

49. Show avector 3 atangle 0 as shown in the figure column-II. Show its unit vector representation.

(A)

B)

©)

(D)

Column-I

yl

o)

P)

Q

(R)

)

Column-I1

a=asinOi+acos0j

a=-acosBi+asin0 j

a=-asinBi—acos0]

a=acos0Oi—asin0 ]

UDO0075
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EXERCISE (0-2)

SINGLE CORRECT TYPE QUESTIONS
1. In a certain system of units, 1 unit of time is 5 sec, 1 unitof mass is 20 kg and 1 unit of length is 10 m. In this

system, one unit of power will correspond to :-

1
(A) 16 watts (B) B watts (C) 25 watts (D) none of these

UD0076
2.  Iftheunitof length be doubled then the numerical value of the universal gravitation constant G will become

(with respect to present value)

(A) Double (B) Half (C) 8 times (D) 1/8 times
UuD0077

3. Ifinasystem, the force of attraction between two point masses of 1 kg each situated 1 km apart is
taken as a unit of force and is called notwen (newton written in reverse order) & if
G =6.67x 10" N-m? kg2 in SI units then which of the following is true?
(A) 1 notwen = 6.67 x 107! newton (B) 1 newton = 6.67 x 10" notwen

(C) 1 notwen = 6.67 x 107" newton (D) 1 newton = 6.67 x 1072 notwen
UD0078

4. Intwodifferent systems of units an acceleration is represented by the same number, while a velocity is
represented by numbers in the ratio 1 : 3. The ratios of unit of length and time are respectively

(A)3,9 (B)9,3 O 1,1 (D) None of these
UD0079
5.  Statement-1: Whenever the unit of measurement of a quantity is changed, its numerical value changes.

and

Statement-2 : Smaller the unit of measurement smaller is its numerical value.

(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.

(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement- 1.

(C) Statement-1 is true, statement-2 is false.

(D) Statement-1 is false, statement-2 is true.
UD0080

6.  Forces proportional to AB, BC and 2CA actalong the sides of triangle ABC in order. Their resultant
represented in magnitude and direction as

(A) CA (B) AC (C) BC (D)CB
UD0081
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7. A manrows aboat with a speed of 18 km/hr in north—west direction. The shoreline makes an angle of 15°
south of west. Obtain the component of the velocity of the boat along the shoreline.
(A) 9 km/hr (B) 18 g km/hr
(C) 18 cos (15°) km/hr (D) 18 cos (75°) km/hr
UD0082
8.  Statement 1 : Unit vector has a unit though its magnitude is one
and
Statement 2 : Unit vector is obtained by dividing a vector by its own magnitude.
(A) Statement-1 is true, statement-2 is true and statement-2 is correct explanation for statement-1.
(B) Statement-1 is true, statement-2 is true and statement-2 is NOT the correct explanation for
statement-1.
(C) Statement-1 is true, statement-2 is false.
(D) Statement-1 is false, statement-2 is true.
UD0083
9. A vector of magnitude 10 min the direction 37° south of west has its initial point at (5 m, 2 m). If positive
x—axis represents the east and positive y—axis the north, the coordinates of its terminal point are
(A) (-3m,—4m) (B)(3m,4m) (C) (4 m,6m) (D) (4 m,—6 m)
UD0084
10. A plumber steps down 1 m out of his truck and walks 50 m east and then 25 m south, and then takes an
elevator to the basement of the building 9 m below street level. If the east, the north and the upward
direction are represented by the positive X, y and z—axes, which one of the following represents displacement
(meters) of the plumber?
(A) 50i —25] — 9%k (B) 50i +25] —9%
(C) 50i —25] —10k (D) 50i +25] —10k
UDO0085
11. A body moves in anticlockwise direction on a circular path in the x-y plane. The radius of the circular path
is 5 m and its centre is at the origin. In a certain interval of time, displacement of the body is observed to be
6 min the positive y-direction. Which of the following s true?
(A) Its initial position vector is 5; m. (B) Its initial position vector is (=37 + 4 j)m.
(C) Its final position vector is (41T + 3}) m. (D) Its final position vector is 6 j m.
UD0086
12. Aboy Aisstanding 203 m away in a direction 30° north of east from his friend B. Another boy C standing

somewhere east of B can reach A, if he walks in a direction 60° north of east. In a Cartesian coordinate
system with its x—axis towards the east, the position of C with respect to A is

(A) (~207 +-10]) m (B) (~107 ~1043]) m
©) (102 + 10\/5}) m (D) It depends on where we chose the origin.

UD0087
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13.

14.

15.

16.

17.

18.

Find the component of 7 in the directionof g :—

(?fz)& B) (F.a)a ©) (F-ay D) (7}-’2&)?

a r

(A)

UD0088
Consider three vectors A =i +j_ 2k, B=i- 3 +k and C =2} _33 +4k . A vector x of the form

oA + BB (o and B are numbers) is perpendicular to C . The ratio of o and B is

(A)1:1 B)2:1 O©)-1:1 (D)3:1
UD0089
A string connected with bob is suspended by the point (O) such that it sweeps out conical surface in

horizontal plane. Here 7 is the position vector of bob, v isits velocity and 7 is the axis of swept cone

as shown. Select INCORRECT statement :-
Q“(origin)

=

v
, 7"
(A) 1.Z 1s always zero (B) 1.V is always zero
(C) Z-v 1salways constant (D) 1 -7 is always non zero constant

UD0090

x-component of avector A istwice of its y-componentand ,/ times of its z-component. Find out the

angle made by the vector from y-axis.

o 2 o 1 a1 2
(A) cos 1(—} (B)cos '(—] (C) cos (—j (D) cos'| —=
J7 J7 J6 J6
UD0091
Given the vectors A =2i+3j—k; B=3i—2j—2k & C =pi+pj+2pk - Find the angle between

(A-B) & C

(A) O=cos™ 2 (B) 8=cos™' ﬁ (C) 6=cos™ Q (D) none of these
NG 2 3

UD0092
MULTIPLE CORRECT TYPE QUESTIONS

Four forces acting on a particle keep it in equilibrium, then :-

(A) the force must be coplanar.

(B) the forces cannot be coplanar.

(C) the forces may or may not be coplanar.

(D) if three of these forces are coplanar, so must be the fourth. UD0093
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19. A manis standing at point (x =5 m, y =0). Then he walks along straight line to (x =0, y =5m). A second
man walks from the same initial position along the x-axis to the origin and then along the
y-axis to (x =0, y = 5Sm). Mark the CORRECT statement(s) :

(A) Displacement vector of first man and second man are equal
(B) Distance travelled by second man is greater
(C) Magnitude of displacement of second man is same that of first man but direction is different
(D) Magnitude of displacement is \/5 m for 2" man.
UD009%4

20. The vector i + xj + 3k is rotated through an angle 6 and doubled in magnitude, then it becomes

4i + (4x —2) j + 2k. The values of x are
2 1 2
A -3 B) 3 © 3 (D)2
UDO0095
21. Thevalueof |A + B — C + D|can be zero if :—
(A)|A|=5,1Bl=3,|cl=4,[D|=13 (B) | A |=2+/2,|Bl=2,|C| = 2Dl =5
(©) |A=242,1Bl=2,cl=2;Dl =10 (D) | A|=5,IBl=4,|C|=3|D|=8
UD0096
22. Thefour pairs of force vectors are given, which pairs of force vectors cannot be added to give a resultant
vector of magnitude 10 N?
(A)2N, 13N (B) 5N, 16 N
(C) 7N, 8N (D) 100N, 105 N
UD0097
23.  Select CORRECT statement(s) for three vectors G = —3i +2j —k,b =i —3] + 5k and ¢ =2i+ j—4k
(A) The above vectors can form triangle.
(B) Componentof g along ¢ is 3.
(C) @ makes angle cos™ \/g with y-axis.
(D) A vector having magnitude twice the vector g and anti parallel to vector b is % (—21 +6j-1 012)
UD0098
24. 1If a vector P makes an angle o, B, y with X, y, z axis respectively then it can be represented as

P=P [cos ol + cos Bj +cos ylz] . Choose the CORRECT option(s) :-
(A) cos’> o+ cos> B +cos’y=1 (B) PP=P2

(C) P.(i—k) =P(cos o —cos y) (D) P.i =cos a
UD0099



TR - Piysic

25.

26.

27.

COMPREHENSION TYPE QUESTIONS
Paragraph for Question no. 25 to 27
A boy lost in a jungle finds a note. In the note was written the following things.
Displacements

1. 300 m 53° South of East.

2.400 m 37° North of East

3. 500 m North

4. 500 V2 m North-West

5.500 m South
He starts walking at constant speed 2 m/s following these displacements in the given order.
How far and in which direction is he from the starting point after 5 min. and 50 s?

(A) 500 m due East (B) 500 m due West
(C) 700 m due South-West (D) 700 m due North-East
UD0100
How far and in which direction is he from the starting point after 10 minutes?
(A) 500 V2 m due North(B) 1200 m due North-East
©) 5002 m due North-East (D) 900 m due 37° North of East
UD0100
How far and in which direction has he finally displaced after all the displacements in the note?
(A) 500V2 m due North-East (B) 500 m due North
(C) 866 m due North-West (D) 500V3 m due 60° North of West
UD0100

Paragraph for Question Nos. 28 to 30

A physical quantity is a physical property of a phenomenon, body, or substance, that can be quantified
by measurement.

The magnitude of the components of a vector are to be considered dimensionally distinct. For example,
rather than an undifferentiated length unit L, we may represent length in the x direction as L , and so
forth. This requirement stems ultimately from the requirement that each component of a physically
meaningful equation (scalar or vector) must be dimensionally consistent. As an example, suppose we
wish to calculate the drift S of a swimmer crossing a river flowing with velocity V_and of width D
and he is swimming in direction perpendicular to the river flow with velocity v, relative to river,

L

assuming no use of directed lengths, the quantities of interest are then V , v, both dimensioned as T

S the drift and D width of river both having dimension L. With these four quantities, we may conclude
that the equation for the drift S may be written: Soc V * VbeC

a+b
L
Or dimensionally L = (;) x (L)¢ from which we may deduce that a+b+c=1and a+ b=0, which

leaves one of these exponents undetermined. If, however, we use directed length dimensions, then \A will

L L
be dimensioned as ?X, Vy as ?y, Sas L and D as Ly. The dimensional equation becomes :

T T
deductive power gained by the use of directed length dimensions is apparent.

Lx ’ L)’ i ¢ . .
Lo=l=||= (Ly) and we may solve completely as a=1,b=-1 and ¢ = 1. The increase in
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L g

28.

29.

30.

31.

32.

33.

Which of the following is not a physical quantity
(A) Height of a boy (B) Weight of a boy
(C) Fever of aboy (D) Speed of arunning boy

UD0101
From the concept of directed dimension what is the formula for arange (R) of a cannon ball when it s fired
with vertical velocity component Vy and a horizontal velocity component V_assuming itis fired on a flat

surface. [Range also depends upon acceleration due to gravity, g and k is numerical constant]

k(V.V,) K(V,)’ k(V,)’ k(v,)
(A)R:T (B)R = - (C)R= Ve (D)R = Ve

X

UD0101
A conveyer belt of width D is moving along x-axis with velocity V. A man moving with velocity U on the belt

in the direction perpendicular to the belt's velocity with respect to belt wants to cross the belt. The correct
expression for the drift (S) suffered by man is given by (k is numerical constant)
U’D V’D

UD VD
—k— =k— = =
(A)S=k ~ B)S U (©)S=k v (D)S=k e

UD0101
MATCHING LIST TYPE (4 x 4 x 4) MULTIPLE OPTION CORRECT

(THREE COLUMNS AND FOUR ROWS)

Answer Q.31, Q.32 and Q.33 by appropriately matching the information given in the three
columns of the following table.
L, M and T are units of length, Mass and Time respectively in a system of units.
Coloumn-1 Column-2 Column-3
O L=10m i@ M=100gm (P) T=0.1sec
II) L=10cm i@ M=10kg (Q T=10ms
@ L=0.1mm (i) M=10gm (R) T=10sec
IV) L=1km (iv) M =1 tonne (S) T=0.01sec
In which of the following combinations unit of force is 10° dyne.
(A)AV) (@) (P) (B) (D) (ii1) (S) (© dID (iv) (P) (D) (D (1) (Q)
UD0102
In which of the following system, unit of energy is 10° erg
(A) (D @) (S) (B)AV) (i) (R) O©dn@av) (Q) (D) @) (iii) (P)
UD0103

In which of the following system, unit for coefficient of viscosity is 100 poiseuille

(A) (D (i) (S) (B) ) (1) (Q) (O) (D) (iii) (R) (D) AV) (v) (P)
UD0104
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34.

35S.

MATRIX MATCH TYPE QUESTION

In anew system of units known as RMP, length is measured in 'retem’, mass is measured in 'marg' and time
is measured in "pal'.

100 retem = 1.0 meter

1.0 marg = 1073 kilogram

10 pal = 1.0 second

In the given table some unit conversion factors are given. Suggest suitable match.

Column-I Column-IT
(A) One SI unit of force (P) 107 units of RMP
(B) One SI unit of potential energy (Q) 10° units of RMP
(C) One SI unit of power (R) 10* units of RMP
(D) One SI unit of momentum (S)  10° units of RMP

(T)  10°units of RMP
UD0105

Refer the following table, where in the first column four pairs of two vectors are shown and in the second

column some possible outcomes of basic mathematical operation on these vectors are given. Suggest

suitable match(s).
Column-I Column-II
v
A L .
(A) B ® X-component of A + B is positive
B) i Q) Y-component of A + B is negative
B
-y
y —
©) By (R) X-component of A — B is positive
A
O 3 S Y-componentof A —B isnegative
B
A

(D) B . Aispositive
-y

UDO0106
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4
36. Figure showsacube of edge length a.
Ay
H G
E F
A B > X
D C
VA
Column-I Column-II
(A)  The angle between AF and x-axis P) 60°
1
(B)  Angle between AF and DG (Q) cos 3
1
© Angle between AE and AG (R) cos™! ﬁ
S) 2
cos™ 4|7
3

UD0107
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EXERCISE (J-M)

1.  Anideal gas enclosed in a vertical cylindrical container supports a freely moving piston of mass M.
The piston and the cylinder have equal cross sectional area A. When the piston is in equilibrium, the
volume of the gas is V and its pressure is P . The piston is slightly displaced from the equilibrium

position and released. Assuming that the system is completely isolated from its surrounding, the

piston executes a simple harmonic motion with frequency. [JEE Main-2013]
1 AYR, 1 ViMP, 1 |AYP, 1
O TRAY, @ 57 A% 3) 20\ ™y, @ 27\ AP,

UD0108
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EXERCISE (J-A)

Match List I with List IT and select the correct answer using the codes given below the lists :

List I List IT [JEE Advanced-2013]

P. Boltzmann constant 1. [ML2T™]
Q. Coefficient of viscosity 2. [ML-'T-"]
R. Planck constant 3. [MLT>K™]
S. Thermal conductivity 4, [ML>T2K™]
Codes :

P Q R S
(A) 3 1 2 4
B) 3 2 1 4
©C) 4 2 1 3
D) 4 1 2 3

UD0109
To find the distance d over which a signal can be seen clearly in foggy conditions, a railways engineer uses
dimensional analysis 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 that d is proportional to

S The value of nis. [JEE Advanced-2014]
UD0110
In terms of potential difference V, electric current I, permittivity €, permeability i, and speed of light ¢, the
dimensionally correct equation(s) is(are) [JEE Advanced-2015]
(A)p I’ =g,V B)el=p,V (C)I=¢cV (D) y,cl=¢,V
UDO111

Three vectors P,Q and R are shown in the figure. Let S be any point on the vector R . The distance

between the points P and S is b ‘ﬁ‘ . The general relation among vectors P,Q and § is:

[JEE Advanced-2017]

(A) S=(1-b)P+b’Q (B) S=(b-1)P+bQ

(C) S=(1-b)P+bQ (D) S=(1-b*)P+bQ
UDO112
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S.

6.

Two vectors A and B are defined as A =aj and B = a(cos oti +sin wtj), whre a is a constant and

o=n/6rads . If |A+]§| =\/§|A—]§| at time t = t for the first time, the value of 7, in seconds, is
[JEE Advanced-2018]
UD0113

PARAGRAPH "X"
In electromagnetic theory, the electric and magnetic phenomena are related to each other. Therefore,
the dimensions of electric and magnetic quantities must also be related to each other. In the questions
below, [E] and [B] stand for dimensions of electric and magnetic fields respectively, while [ ] and
[u,] stand for dimensions of the permittivity and permeability of free space respectively. [L] and [T]
are dimensions of length and time respectively. All the quantities are given in SI units.

(There are two questions based on Paragraph '"X"', the question given below is one of them)

The relation between [E] and [B] is :- [JEE Advanced-2018]
(A) [E]=[B][L][T] (B)[E1=[BI[LI"[T]  (C)[El=[BI[LI[TI" (D)[El=[BIL]"[T]"
UD0114

PARAGRAPH "X"
In electromagnetic theory, the electric and magnetic phenomena are related to each other. Therefore,
the dimensions of electric and magnetic quantities must also be related to each other. In the questions
below, [E] and [B] stand for dimensions of electric and magnetic fields respectively, while [€ ] and
[u,] stand for dimensions of the permittivity and permeability of free space respectively. [L] and [T]

are dimensions of length and time respectively. All the quantities are given in SI units.

(There are two questions based on Paragraph ""X"', the question given below is one of them)

The relation between [ ] and [u,] is :- [JEE Advanced-2018]
(A) [1,) =€ JILI[T]” (B) [y,] = [, JILT[TT’
(©) [p,]=[e, I [LTITI” D) [u,] =[e, LTI’

UD0114

Let us consider a system of units in which mass and angular momentum are dimensionless. If length has
dimension of L, which of the following statement (s) is/are correct ? [JEE Advanced-2019]
(1) The dimension of force is L

(2) The dimension of energy is L™

(3) The dimension of power is L’

(4) The dimension of linear momentumis L™ UDO0115
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ANSWER KEY
EXERCISE (S-1)

M
4. Ans. 0=K G}
,

1. Ans. L', ML?T? 2. Ans. kg.m*s2K!'  3.Ans. T'= a\/%

GM

5.Ans. v, =k S 6. Ans. K =6 7. Ans. [MLT™] 8. Ans. \[75
9. Ans. 1 10. Ans. 25 11. Ans. 7 12. Ans. 90 m

4 6 3
13. Ans. cosa = [—j , cosP = [—j COSY = (—] , maenitude =~/61 14. Ans. 3
J61 P=\Ter) 1) e

15. Ans. 5

7
16. Ans. —

16

17. Ans. j + j, 3k

A A A a( =7 4 —20
18.Ans. (a) 11i+57— 7k, (b) cos 1(—}, c) cos [—J
(@) 11i+5j (b) 7195 (© 309

21. Ans. (a) 9.95, (b) 0.99

2
20. Ans. (a) ?“ x 6.4 x10°m » (D) 3 x6.4x10°m

22. Ans. 0.14, 0.09

19. Ans. 2

EXERCISE (S-2)

1. Ans. MLT2K 2

4. Ans. 2./19, cos™ —_ or tan™! ﬂ 5. Ans. 100 s
. - 2419, 2\/@ 7 . .

7. Ans. 16{ —30k,198J

2. Ans. [S] =Ev?>T? 3. Ans. 107 star joule

6. Ans. 120N, 403 N

EXERCISE (0-1)

1. Ans. (D)

7. Ans. (C)

13. Ans. (C)
19. Ans. (C)
25. Ans. (B)
31. Ans. (B)
37. Ans. (D)
43. Ans. (A)

2. Ans. (C)
8. Ans. (D)
14. Ans. (D)
20. Ans. (A)
26. Ans. (B)
32. Ans. (A)

38. Ans. (A,D)

44. Ans. (B)

3. Ans. (A)
9. Ans. (D)
15. Ans. (B)
21. Ans. (C)
27. Ans. (D)
33. Ans. (C)

39. Ans. (C,D)

45. Ans. (C)

4. Ans. (A)

10. Ans. (A)
16. Ans. (B)
22. Ans. (A)
28. Ans. (D)
34. Ans. (B)

5. Ans. (B)

11. Ans. (C)
17. Ans. (D)
23. Ans. (B)
29. Ans. (A)
35. Ans. (B)

40. Ans. (B, C) 41. Ans. (B)

46. Ans. (A) = (Q); (B) > (R); (C) —» (T); (D) > (P)
47.Ans. (A)-R; (B)-S; (C)-P; (D)-Q
48. Ans. (A) = (S); (B) > (P); (C) — (R); (D) = (T)
49. Ans. (A)-S; (B)-P; (C)-Q; (D)-R

6. Ans. (A)

12. Ans. (B)
18. Ans. (D)
24. Ans. (O)
30. Ans. (C)
36. Ans. (B)
42. Ans. (C)




JEE-Physics .
EXERCISE (0-2)

1. Ans. (A) 2. Ans. (D) 3. Ans. (O) 4. Ans. (B) 5. Ans. (C) 6. Ans. (A)

7. Ans. (A) 8. Ans. (D) 9. Ans. (A) 10. Ans. (C) 11. Ans. (C)  12. Ans. (B)

13. Ans. (A) 14. Ans. (A) 15. Ans. (A) 16. Ans. (B) 17. Ans. (C) 18. Ans. (C, D)
19. Ans. (A,B,D) 20. Ans. (A, D) 21. Ans. (B,D) 22. Ans. (A,B) 23. Ans. (A,C,D)
24. Ans. (A, B, C) 25. Ans. (A) 26. Ans. (C) 27.Ans. (B) 28. Ans. (C)

29. Ans. (A) 30. Ans. (B) 31. Ans. (B,C) 32. Ans. (B,D) 33. Ans. (B)

34. Ans. (A) > (Q); (B) > (S); (C) > (R); (D) > (R)

35. Ans. (A) -» (P,R,T); (B) > (P,R,T); (C) > (P,Q,R,S,T); (D) —» (P,Q,R,S,T)

36.Ans. A)R(B)Q(C)P

EXERCISE (J-M)

1. Ans. (3)

EXERCISE (J-A)

1. Ans. (C) 2. Ans. 3 3. Ans. (A,O) 4. Ans. (C) 5. Ans. 2 [1.99, 2.01]
6. Ans. (C) 7. Ans. (D) 8. Ans. (1,2,4)




Error in measurements & instruments

EXERCISE (S)

How many significant figures are given in the following quantities ?

(A)343 g (B)2.20 (C) 1.103 N (D)0.4142 s
(E)0.0145m (F) 1.0080 V (G) 9.1 x 10*km (H) 1.124 x 10°V
ER0001
Perform the following operations:
(A)703+ 7+ 0.66 (B)2.21x0.3 (C)12.4 x84 (D) 14.28/0.714
ER0002
Solve with due regard to significant digits
. . 2.91x0.3842
(1) V6.5-6.32 )~ 0%0
ER0003

The main scale ofa vernier calipers reads in millimeter and its vernier is divided into 10 divisions which
coincide with 9 divisions of the main scale. When the two jaws of the instrument touch each other the
seventh division ofthe vernier scale coincide with a scale division and the zero of the vernier lies to the right
of'the zero of main scale. Furthermore, when a cylinder is tightly placed along its length between the two
jaws, the zero of'the vernier scale lies slightly to the left 0of 3.2 cm; and the fourth vernier division coincides
with a scale division. Calculate the measured length of the cylinder.

ER0004
The VC shown in the diagram has zero error in it (as you can see). It is given that 9 msd = 10 vsd.
(1) What is the magnitude of the zero error? (1msd = 1 mm)

1011121314
L1111

L)
- o
SN
=
=1oN
-
= oo
- o

(ii) The observed reading of the length of a rod measured by this VC comes out to be 5.4 mm. Ifthe vernier
had been error free then reading of main scale wouldbe  and the coinciding division of vernier scale
wouldbe

ER0005

Consider a home made vernier scale as shown in the figure.

In this diagram, we are interested in measuring the length of the line PQ. If both the inclines are identical and
their angles are equal to 6 then what is the least count of the instrument.

ER0065
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10.

11.

12.

13.

14.

15.

16.

The pitch of a screw gauge is 0.5 mm and there are 50 divisions on the circular scale. In measuring the
thickness of'a metal plate, there are five divisions on the pitch scale (or main scale) and thirty fourth division
coincides with the reference line. Calculate the thickness of the metal plate.

ER0006
The pitch ofa screw gauge is 1 mm and there are 50 divisions on its cap. When nothing is put in between
the studs, 44" division of the circular scale coincides with the reference line zero of the main scale is not
visible. When a glass plate is placed between the studs, the main scale reads three divisions and the circular
scale reads 26 divisions. Calculate the thickness of the plate.

ER0007
In a given optical bench, a needle of length 10 cm is used to estimate bench error. The object needle, image
needle & lens holder have their reading as shown.
Xo=1.1cm x;=21.0cm xp =10.9 cm
Estimate the bench errors which are present in image needle holder and object needle holder. Also find the
focal length of the convex lens when.
Xo=0.6 cm X;=22.5cm xp = 11.4cm

ER0066
Make the appropriate connections in the meter bridge set up shown. Resistance box is connected between
___. Unknown resistance is connected between . Battery is connected between

A B C D

E F
ER0008
Abody travels uniformly a distance of (13.8 = 0.2)m in time (4.0 £ 0.3) sec. Calculate its velocity.
ER0009
Consider S=x cos (0) forx =(2.0£0.2) cm, 06 =53 £2 °. Find S.
ER0010

Two resistance R and R, are connected in (i) series and (ii) parallel. What is the equivalent resistance with
limit of possible percentage error in each case of R, =5.0+0.2 Qand R, =10.0+0.1 Q.
ER0011
5.74 gm ofa substance occupies a volume of 1.2 cm’. Calculate its density with due regard for significant figures.
ER0012

The time period of oscillation of a simple pendulum is givenby T = 2r,/// g . The length ofthe pendulum

is measured as /= 10.0 = 0.1cm and the time period as T =0.50 + 0.02 s. Determine percentage error in
the value of g.

ER0013
In a Searle's experiment, the diameter of the wire as measured by a screw gauge of least count 0.001 cm
is 0.050 cm. The length, measured by a scale ofleast count 0.1 cm, is 110.0 cm. When a weight of 50 N
is suspended from the wire, the extension is measured to be 0.125 cm by a micrometer of least count
0.001 cm. Find the maximum error in the measurement of Young's modulus ofthe material ofthe wire from
these data. [JEE 2004]

ER0014
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18.

19.

20.

21.

22,

23.

The pitch of a screw gauge is 1 mm and there are 100 divisions on the circular scale. While measuring the
diameter of a wire, the linear scale reads 1 mm and 47t division on the circular scale coincides with the
reference line. The length of the wire is 5.6 cm. Find the curved surface area (in cm?) of the wire in
appropriate number of significant figures. [JEE 2004]
ER0015

A physical quantity P is related to four observables A, B, Cand D as P = 472A>B? /(J/C D)
The percentage error of the measurement in A, B, C and D are 1%, 3% and 2%, 4% respectively.
Determine the percentage error & absolute error in the quantity P. Value of P is calculated 3.763.

ER0067
A glass prism of angle A= 60° gives minimum angle of deviation 6 = 30° with the max. error of 1° when
a beam of parallel light passed through the prism during an experiment. Find the permissible error in the
measurement of refractive index p of the material of the prism.

ER0068
In a vernier calipers the main scale and the vernier scale are made up of different materials. When the room
temperature increases by AT°C, it is found the reading of the instrument remains the same. Earlier it was
observed that the front edge of the wooden rod placed for measurement crossed the N main scale
division and (N +2) msd coincided with the 2" vsd. Initially, 10 vsd coincided with 9 msd. If coefficient of
linear expansion of the main scale is o, and that of the vernier scale is o, then what is the value of a,/ a,?
(Ignore the expansion ofthe rod on heating)

ER0069
In a vernier callipers, n divisions of its main scale match with (n + 1) divisions on its vernier scale. Each
division of the main scale is a units. Using the vernier principle, calculate its least count.

[JEE 2003]

ER0070
The period of oscillation of a simple pendulum in an experiment is recorded as 2.63 sec, 2.56 sec, 2.42
sec, 2.71 sec and 2.80 sec respectively. Find the time period, the absolute error in each observation,
average absolute error and the percentage error.

ER0016
The side ofa cube is measured by vernier callipers (10 divisions ofa vernier scale coincide with 9 divisions
of'main scale, where 1 division of main scale is 1 mm). The main scale reads 10 mm and first division of
vernier scale coincides with the main scale. Mass of the cube is 2.736 g. Find the density of the cube in
appropriate significant figures. [JEE 2005]

ER0017
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EXERCISE (O)

1. Awirehasamass0.310.003 g, radius 0.5 + 0.005 mm and length 6 + 0.06 cm. The maximum percentage

error in the measurement ofits density is :- [JEE 2004]
(A)1 (B)2 ©3 (D)4
ER0018
2.  Theedgeofacubeisa=1.2x 1072 m. Then its volume will be recorded as : [JEE 2003]
(A) 1.7 x10°m? (B) 1.70 x 1076 m?
(C)1.70 x 1077 m? (D) 1.78 x 1075 m?
ER0019

3.  Avernier callipers having 1 main scale division = 0.1 cm is designed to have a least count 0f 0.02 cm. Ifn
be the number of divisions on vernier scale and m be the length of vernier scale, then :-
(A)n=10,m=0.5cm (B)n=9,m=0.4 cm
(C)n=10,m=0.8 cm (D)n=10,m=0.2 cm

ER0020
4.  Inthe Searle’s experiment, after every step of loading , why should we wait for two minutes before taking
the readings? ( More than one correct.)
(A) So that the wire can have its desired change in length.
(B) So that the wire can attain room temperature.
(C) So that vertical oscillations can get subsided.
(D) So that the wire has no change in its radius.
ER0021
5.  Inameter bridge set up, which of'the following should be the properties of the one meter long wire?
(A) High resistivity and low temperature coefficient
(B) Low resistivity and low temperature coefficient
(C) Low resistivity and high temperature coefficient
(D) High resistivity and high temperature coefficient
ER0022

6.  Consider the MB shown in the diagram, let the resistance X have temperature coefficient o, and the
resistance from the RB have the temperature coefficient a,. Let the reading of the meter scale be 10cm
from the LHS. If the temperature of the two resistance increase by small temperature AT then what is the
shift in the position of the null point? Neglect all the other changes in the bridge due to temperature rise.

A X B _CJQ D

E (0) F
10cm

1 1
(A) 9(at, — 0,)AT (B) 9(at, + 0,)AT (©) g0y +)AT (D) g (a — AT

ER0023
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7.  Identify which of the following diagrams represent the internal construction of the coils wound in a resistance
box or PO box?
(A) (B) ©) D)
ER0024
8.  Inameter bridge experiment, we try to obtain the null point at the middle. This
(A) reduces systematic error as well as random error.
(B) reduces systematic error but not the random error.
(C) reduces random error but not the systematic error
(D) reduces neither systematic error nor the random error
ER0025
9.  Anapproximate value of number of seconds in an year is 7 x 107. Determine the % error in this value
(A)0.5% (B) 8% (C)4% (D) 15%
ER0071
10. InaSearle's experiment for determination of Young's Modulus, when a load of 50 kg is added to a 3 meter
long wire micrometer screw having pitch 1 mm needs to be given a quarter turn in order to restore the
horizontal position of spirit level. Young's modulus ofthe wire if its cross sectional area is 10~ m? is
(A) 6x 10'"N/m? (B) 1.5 x 10" N/m*  (C) 3 x 10" N/m? (D) None
ER0026
11.  Onthe basis of detail given about two measuring instruments, select the correct statement.
: : : . : .. 245
(1) Vernier callipers having main scale division = 0.05 cmand Vernier scale division = 5o o™
(i1) Screw gaugae having pitch 0.5 mmand its circular scale division measures 0.01 mm.
(A) Both the instruments have same least count.
(B) Least count of screw gauge is lesser than that of vernier callipers.
(C) Both the instruments have same least count but screw gauge is more precise.
(D) Both the instruments have different least count and screw gauge is more precise.
ER0027
12. A student obtained following observations in an experiment of meter bridge to find unknown resistance of

given wire :

SNo. R ¢ 100-¢ = [100[ gj R

1 2Q 43 57 2.65

2 30 52 48 2.77

3 4Q 58 42 2.89

4 50 69 31 2.25

The most accurate value of unknown resistance will be

(A)2.65Q (B)2.77Q (©)2.89Q (D)2.25Q

ER0028
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15.

16.

17.

18.

In which of'the following instruments used in the lab there exists an error of random category known as
back lash error
(1) Screw gauge (i) Spherometer (iii) Searle’s apparatus ~ (iv) Vernier callipers
(A) (1) & (ii) only (B) (i), (i) & (iii) only ~ (C) (i) only (D) all four
ER0029
In Searle’s apparatus, when experimental wire is loaded and unloaded, the air bubble in spirit level gets
shifted.
(A) towards reference wire while loading & towards experimental wire while unloading
(B) towards experimental wire while loading & towards reference wire while unloading
(C) towards experimental wire, both the times, during loading & unloading
(D) towards reference wire, both the times during loading & unloading

ER0030
Accuracy and precision are (1) and these are respectively linked with (i1)
& (iii) .Fill the blanks above in correct order.
(A) (1) same, (ii) systematic error, (iii) random error
(B) (1) different, (ii) systematic error (iii) random error
(C) (1) same, (ii) random error, (iii) systematic error
(D) (i) different, (ii) random error, (iii) systematic error

ER0031

The vernier of a circular scale is divided in to 30 divisions, which coincides with 29 main scale divisions. If
each main scale division is (1/2)°, the least count of the instrument is
(A)0.1' B)1 ©) 10 (D) 30’

ER0032
When the gap is closed without placing any object in the screw gauge whose least count is 0.005 mm, the
5™ division on its circular scale coincides with the reference line on main scale, and when a small sphere is
placed reading on main scale advances by 4 divisions, whereas circular scale reading advances by five
times to the corresponding reading when no object was placed. There are 200 divisions on the circular
scale. The radius of the sphere is
(A) 4.10 mm (B)4.05 mm (C)2.10 mm (D) 2.05 mm

ER0033
Variation of current passing through a conductor as the voltage supplied across its ends as varied is
shown in the adjoining diagram. Ifthe resistance (R) is determined at the points A, B, C and D we will

find that - D

C

1
(A)R.=Ry (B)Rg >R, (C)Re> Ry (D)R, >R
ER0072
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19. Inthe measurement of resistance of a wire using Ohm’s law, the plot between V and I is drawn as
shown. The resistance of the wire is -
V(volt)
4 .
£(3,3)
(1,1.2).°¢ 22.2)
> [(amp)
(A)0.833Q (B)0.9Q O 10 (D) None of these
ER0034
20. In Wheatstone bridge experiment as shown in figure —
(A) Key K should be pressed first and then K,
(B) Key K, should be pressed first and then K
(C) any key can be pressed in any order
(D) both keys should be pressed simultaneously.
ER0035
21. Inametre bridge experiment null point is obtained at 20 cm from one end of the wire when resistance X is
balanced against another resistance Y. If X <Y, then where will be the new position of the null point from the
same end, if one decide to balance a resistance of 4X against Y -
(A) 50 cm (B)80cm (C)40 cm (D) 70 cm
ER0036
22. In a resonance column method, resonance occurs at two successive level of /,=30.7 cm and
1, =63.2 cmusing a tuning fork of f= 512 Hz. What is the maximum error in measuring speed of sound
using relations v=1fA & A =2(l,-1,) [JEE 2005]
(A) 256 cm/sec (B) 92 cm/sec (C) 128 cm/sec (D) 102.4 cm/sec
ER0037
23. Graph ofposition of image vs position of point object from a convex lens is shown. Then, focal length of
the lens is 4+ 31 [JEE 2006]
i 30
T20
10
U CM iy ! 0 (=9,+9)

(A)0.50+£0.05cm  (B)0.50+0.10 cm (C)5.00+£0.05cm (D) 5.00+0.10 cm
ER0038
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24. The circular divisions of shown screw gauge are 50. It moves 0.5 mm on main scale in one rotation. The
diameter ofthe ball is [JEE 2006]

- 30

25

0o ES 0 Ex
0

(A)2.25 mm (B)2.20 mm (C) 1.20 mm (D) 1.25 mm
ER0073

: o 4n’l :
25. A student performs an experiment for determination of g| = % [~ Imand he commits an error of Al

For the experiment takes the time ofn oscillations with the stop watch ofleast count AT and he commits a
human error 0f0.1sec. For which ofthe following data, the measurement of g will be most accurate?

Al AT n Amplitude of oscillation
(A) 5 mm 0.2 sec 10 5 mm
(B) 5 mm 0.2 sec 20 5 mm
©) 5mm 0.1 sec 20 I mm
(D) I mm 0.1 sec 50 I mm [JEE 2006]

ER0039
26. Inanexperiment to determine the focal length (f) ofa concave mirror by the u-v method, a student places the
object pin A on the principal axis at a distance x from the pole P. The student looks at the pin and its inverted
image froma distance keeping his/her eye in line with PA. When the student shifts his/her eye towards left, the
image appears to the right of the object pin. Then, [JEE 2007]
(A)x<f (B)f<x<2f (C)x=2f (D) x>2f
ER0040
27. Inordinary Vernier calipers, 10" division of the Vernier scale coincides with 9" division of the main scale.
In a specially designed Vernier calipers the Vernier scale is so constructed that 10™ division on it coincides
with 11" division on the main scale. Each division on the main scale equals to 1 mm. The calipers have a
zero error as shown in the figure-1. When the Vernier caliper is used to measure a length, the concerned
portion of its scale is shown in figure-II.

Figure-1 Figure-II
0 cm 1 2 3 0 cm 1 2 3 4 5
OO A R e
‘IHI}HII‘ ‘\HIHHI'
0 10 0 10
(A) Zero error in the calipers has magnitude 0.7 mm. (B) The length being measured is 1.08 cm.
(C) The length being measured is 1.22 cm. (D) Zero error in the calipers has magnitude 0.3 mm

ER0041
28. Astudent performs an experiment to determine the Young’s modulus of a wire, exactly 2 m long, by
Searle’s method. In a particular reading, the student measures the extension in the length of the wire to be
0.8 mm with an uncertainty of+ 0.05 mm at a load of exactly 1.0 kg. The student also measures the
diameter of the wire to be 0.4 mm with an uncertainty of + 0.01 mm. Take
g=9.8 m/s? (exact). The Young’s modulus obtained from the reading is [JEE 2007]
(A) (2.0£0.3) x 10" N/m? (B) (2.0 +£0.2) x 10! N/m?
(C) (2.0£0.1) x 10" N/m? (D) (2.0 £0.05) x 10" N/m? ER0042
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EXERCISE-]M

An experiment is performed to find the refractive index of glass using a travelling microscope. In this
experiment distances are meausred by [AIEEE - 2008]
(1) a vernier scale provided on the microscope
(2) a stanard laboratory scale
(3) ameter scale provided on the microscope
(4) ascrew gauge provided on the microscope

ER0043
Two full turns of the circular scale of gauge cover a diastance of 1 mm on scale. The total number of
divisions on circular scale is 50. Further, it is found that screw gauge has a zero error of—0.03 mm. While
measuring the diameter of a thin wire a student notes the main scale reading of 3 mm and the number of
circular scale division in line, with the main scale as 35. The diameter ofthe wire is

[AIEEE - 2008]

(1)3.32mm (2)3.73 mm (3)3.67 mm (4) 3.38 mm

ER0044
In an experiment the angles are required to be measured using an instrument 29 divisions of the main scale
exactly coincide with the 30 divisions ofthe vernier scale. Ifthe smallest division of the main scale is half-
a-degree (=0.5°), then the least count of'the instrument is :- [AIEEE - 2009]
(1) One degree (2) Half degree (3) One minute (4) Half minute

ER0045
In an optics experiment, with the position of the object fixed, a student varies the position of'a convex lens
and for each position, the screen is adjusted to get a clear image of the object. A graph between the object
distance u and the image distance v, from the lens, is plotted using the same scale for the two axes. A
straight line passing through the origin and making an angle of45° with the x-axis meets the experimental

curve at P. The coordinates of P will be :- [AIEEE - 2009]
SN () (41,49 (321,20 @ (L)

ER0046
The respective number of significant figures for the numbers 23.023, 0.0003 and 2.1 x 10-3
are :- [AIEEE - 2010]
(1)4,4,2 (2)5,1,2 3)5,1,5 (4)5,5,2

ER0047

A screw gauge gives the following reading when used to measure the diameter ofa wire.
Main scale reading : 0 mm.
Circular scale reading : 52 divisions
Given that 1 mm on main scale corresponds to 100 divisions of the circular scale.
The diameter of wire from the above date is :- [AIEEE - 2011]
(1)0.026 cm (2) 0.005 cm (3)0.52 cm (4)0.052 cm
ER0048
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11.

12.

A spectrometer gives the following reading when used to measure the angle of a prism. Main scale reading
: 58.5 degree
Vernier scale reading : 09 divisions
Given that 1 division on main scale corresponds to 0.5 degree. Total divisions on the vernier scale is 30 and
match with 29 divisions of the main scale. The angle ofthe prism from the above data :
[AIEEE - 2012]
(1) 59 degree (2) 58.59 degree (3) 58.77 degree (4) 58.65 degree
ER0049
Resistance of'a given wire is obtained by measuring the current flowing in it and the voltage difference applied
across it. Ifthe percentage errors in the measurement of the current and the voltage difference are 3% each,
then error in the value of resistance ofthe wire is :- [AIEEE - 2012]
(1)3% (2) 6% (3) zero 4) 1%
ERO0050
The current voltage relation of diode is given by I = (¢1000V/T — 1) mA, where the applied voltage V is in
volts and the temperature T is in degree Kelvin. If a student makes an error measuring + 0.01V while
measuring the current of 5 mA at 300 K, what will be error in the value of current in mA ?
[JEE-Main 2014]

(1) 0.5mA (2) 0.05 mA (3)0.2mA (4) 0.02 mA

ER0051
A student measured the length of a rod and wrote it as 3.50 cm. Which instrument did he use to measure
it ? [JEE-Main 2014]

(1) Ascrew gauge having 100 divisions in the circular scale and pitch as 1 mm.

(2) Ascrew gauge having 50 divisions in the circular scale and pitch as 1 mm.

(3) Ameter scale

(4) A vernier calliper where the 10 divisions in vernier scale matches with 9 division in main

scale and main scale has 10 divisions in 1 cm.
ER0052

L
The period of oscillation ofa simple pendulumis T = 27 g . Measured value of L is 20.0 cmknown to 1

mm accuracy and time for 100 oscillations of the pendulum is found to be 90s using a wrist watch of 1s
resolution. The accuracy in the determination of g is : [JEE-Main 2015]
() 1% (2) 5% (3)2% (4)3%

ER0053
A screw gauge with a pitch of 0.5 mm and a circular scale with 50 divisions is used to measure the
thickness ofa thin sheet of Aluminium. Before starting the measurement , it is found that when the two jaws
of the screw gauge are brought in contact, the 45t division coincides with the main scale line and that the
zero of the main scale is barely visible. What is the thickness of the sheet if the main scale reading is 0.5 mm
and the 25t division coincides with the main scale line ? [JEE-Main 2016]
(1) 0.50 mm (2) 0.75 mm (3) 0.80 mm (4) 0.70 mm

ER0054
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13. A student measures the time period of 100 oscillations of a simple pendulum four times. The data set is
905,91 s,95 sand 92 s. If the minimum division in the measuring clock is 1 s, then the reported mean time
should be :- [JEE-Main 2016]
(1)92+3s (2)92+2s (3)92+5.0s (4)92+1.8s

ERO0055

14. To know the resistance G ofa galvanometer by half deflection method, a battery of emf V; and resistance
R is used to deflect the galvanometer by angle 0. Ifa shunt of resistance S is needed to get half deflection
then G, R and S are related by the equation : [JEE-Mains (Online) 2016]
(1)2S (R+G)=RG (2) S(R+G)=RG (3)2G=S 4)2S=G

ER0056

15. The following observations were taken for determining surface tensiton T of water by capillary method:
Diameter of capilary, D=1.25 x 10?m
rise of water, h=1.45 x102m
Using g =9.80 m/s* and the simplified relation T = rth % 10° N/m, the possible error in surface tension is
closestto : [JEE-Main 2017]
(1)2.4% (2) 10% (3)0.15% (4)1.5%

ER0057

16. The density of'a material in the shape ofa cube is determined by measuring three sides of the cube and

its mass. Ifthe relative errors in measuring the mass and length are respectively 1.5% and 1%, the maximum
error in determining the density is :- [JEE-Main 2018]
(1)3.5% (2)4.5% 3)6% (4)2.5%

ER0058
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EXERCISE - JA

Students I, II and I1I perform an experiment for measuring the acceleration due to gravity (g) using pendulum.
They use different lengths of the pendulum and/or record time for different number of oscillations. The

observations are shown in the table. [JEE 2008]
Least count forlength=0.1 cm Least count fortime=0.1s
Student Length of the Number of | Total time for (n) Time
Pendulum (cm) | oscilltions (n) oscillations (s) period (s)
| 64.0 8 128.0 16.0
II 64.0 4 64.0 16.0
I 20.0 4 36.0 9.0

Ag
IfE, E}, and E;, are the percentage error in g, i.e., (? X 100} for students I, IT and I1I, respectively,

(A)E,=0
(O E=E;

(B) E, is minimum
(D) E,; is maximum

ER0074
Asstudent uses a simple pendulum of exactly 1m length to determine g, the acceleration due to gravity. He
uses a stopwatch with the least count of 1 sec for this and records 40 seconds for 20 oscillations. For this

observation, which of the following statement(s) is (are) true? [JEE 2010]
(A) Error AT in measuring T, the time period is 0.05 seconds
(B) Error AT in measuring T, the time period is 1 second
(C) Percentage error in the determination of'g is 5%
(D) Percentage error in the determination of'g is 2.5%
ERO0075

To verify Ohm’s law, a student is provided with a test resistor R, a high resistance R, a small resistance
R, two identical galvanometers G, and G,, and a variable voltage source V. The correct circuit to carry

out the experiment is :— [JEE 2010]
R, R,
Av‘v‘v‘v‘v‘ @_W‘/M_ Av‘v‘v‘v‘v‘v @_WWV_
R, - R, . R,
(A) (B)
i H
Y Ty
R R,
'
AA AvAvA'A GZ AVAVAVAVAVAV Gz
©] © o ©
R, R,
L:/V lev
v \Y%

ER0076
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A Vernier callipers has 1 mm marks on the main scale. It has 20 equal divisions on the Vernier scale which
match with 16 main scale divisions. For this Vernier calipers, the least count is [JEE 2010]
(A) 0.02 mm (B) 0.05 mm (C)0.1 mm (D) 0.2 mm

ER0077
A meter bridge is set-up as shown, to determine an unknown resistance ‘X’ using a standard 10 ohm
resistor. The galvanometer shows null point when tapping-key is at 52 cmmark. The end-corrections are

1 cmand 2 cm respectively for the ends A and B. The determined value of ‘X’ is

I [JEE 2011]
X 10Q
] ™
<) o] [© Q o] [© o
Al @ B
(A) 10.2 ohm (B) 10.6 ohm (C) 10.8 ohm (D) 11.1 ohm
ER0078

The density of a solid ball is to be determined in an experiment. The diameter of the ball is measured with
a screw gauge, whose pitch is 0.5 mm and there are 50 divisions on the circular scale. The reading on the
main scale is 2.5 mm and that on the circular scale is 20 divisions. If the measured mass of the ball has a
relative error of2%, the relative percentage error in the density is [JEE 2011]
(A) 0.9% (B)2.4% (©)3.1% (D)4.2%

ER0079

4MLg
ld*

In the determination of Young's modulus (Y = j byusing Searle's method, a wire of length L=2m
and diameter d=0.5 mm s used. For a load M = 2.5 kg, an extension / =0.25 mm in the length ofthe wire
is observed. Quantities d and 1 are measured using a screw gauge and a micrometer, respectively. They
have the same pitch of 0.5 mm. The number of divisions on their circular scale is 100. The contributions to
the maximum probable error of the Y measurement
(A) due to the errors in the measurements of d and [ are the same.
(B) due to the error in the measurement of d is twice that due to the error in the measurement of /.
(C) due to the error in the measurement of / is twice that due to the error in the measurement of d.
(D) due to the error in the measurement of d is four times that due to the error in the measurement of /.
[JEE 2012]
ER0080
The diameter of a cylinder is measured using a Vernier callipers with no zero error. It is found that the zero
ofthe Vernier scale lies between 5.10 cmand 5.15 cm of the main scale. The Vernier scale has 50 divisions
equivalent to 2.45 cm. The 24" division ofthe Vernier scale excatly coincides with one of the main scale
divisions. The diameter of'the cylinder is :- [JEE-Advance 2013]
(A)5.112cm (B)5.124cm (C)5.136 cm (D)5.148 cm
ER0081
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Using the expression 2d sin 6 = A, one calculates the values of d by measuring the corresponding angles 6
in the range 0 to 90°. The wavelength A is exactly known and the error in 0 is constant for all values of 0.
As 0 increases from 0° :- [JEE-Advance 2013]
(A) the absolute error in d remains constant
(B) the absolute error in d increases
(C) the fractional error in d remains constant
(D) the fractional error in d decreases
ER0082
During Searle's experiment, zero of the Vernier scale lies between 3.20 x 10> mand 3.25 x 10 °m of the
main scale. The 20" division of the Vernier scale exactly coincides with one of the main scale divisions. When
an additional load of 2 kg is applied to the wire, the zero ofthe Vernier scale still lies between 3.20 x 10 m
and 3.25 x 10~ mofthe main scale but now the 45" division of Vernier scale coincides with one ofthe main
scale divisions. The length of the thin metallic wire is 2m and its cross-sectional area is 8 x 10~ m’. The least
count ofthe Vernier scale is 1.0 x 10~ m. The maximum percentage error in the Young's modulus of the wire
iS. [JEE-Advance 2014]
ER0083
Consider a Vernier callipers in which each 1 cm on the main scale is divided into 8 equal divisions and a
screw gauge with 100 divisions on its circular scale. In the Vernier callipers, 5 divisions of the Vernier scale
coincide with 4 divisions on the main scale and in the screw gauge, one complete rotation of the circular
scale moves it by two divisions on the linear scale. Then :
[JEE-Advance 2015]
(A) Ifthe pitch ofthe screw gauge is twice the least count ofthe Vernier callipers, the least count of the
screw gaugeis 0.01 mm.
(B) Ifthe pitch of the screw gauge is twice the least count of the Vernier callipers, the least count ofthe
screw gauge is 0.005 mm.
(C) If'the least count of the linear scale of the screw gauge is twice the least count of the Vernier callipers,
the least count ofthe screw gauge is 0.01 mm.
(D) Ifthe least count of'the linear scale of the screw gauge is twice the least count ofthe Vernier callipers,

the least count of the screw gauge is 0.005 mm.

ER0084
The energy of a system as a function of time t is given as E(t) = A’exp (—oat), where o.= 0.2s . The
measurement of A has an error of 1.25%. Ifthe error in the measurement oftime is 1.50%, the percentage
error in the value of E(t) att =5 s is. [JEE-Advance 2015]

ERO0085
There are two vernier calipers both of which have 1 cm divided into 10 equal divisions on the main scale.
The Vernier scale of one of the calipers (C)) has 10 equal divisions that correspond to 9 main scale
divisions. The Vernier scale of the other caliper (C,) has 10 equal divisions that correspond to 11 main
scale divisions. The readings ofthe two calipers are shown in the figure. The measured values (in cm) by
calipers C, and C, respectively, are [JEE-Advance 2016]
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2 3 4
bl
T
0 10
2 3 4
R Iinm ]
0 > 10
(A)2.87 and 2.86 (B)2.87and 2.87 (C)2.87 and 2.83 (D) 2.85 and 2.82
ER0086
14. Inanexperiment to determine the acceleration due to gravity g, the formula used for the time period of a
- .. 7(R-r)
periodic motion is T =25 |——Z . The values of R and r are measured to be (60 = 1) mm and
g
(10 = 1) mm, 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 periodis 0.01 s.
Which ofthe following statement(s) is(are) true ? [JEE-Advance 2016]
(A) The error in the measurement ofr is 10%
(B) The error in the measurement of T is 3.57 %
(C) The error in the measurement of T is 2%
(D) The error in the determined value of g is 11%
ER0087
15. A person measures the depth of a well by measuring the time interval between dropping a stone and

receiving the sound of impact with the bottom of the well. The error in his measurement of time is
0T =0.01 second and he measures the depth of the well to be L= 20 meters. Take the acceleration due
to gravity g= 10 ms “and the velocity of sound is 300 ms . Then the fractional error in the measurement,
OL/L, is closest to [JEE-Advance 2017]
(A)0.2% B)5% (©)3% D) 1%

ER0088

PARAGRAPH "A"

If the measurement errors in all the independent quantities are known, then it is possible to determine
the error inany dependent quantity. This is done by the use of series expansion and truncating the expansion
at the first power of the error. For example, consider the relation z = x/y. If the errors in x, y and z

are AX, Ay and Az, respectively, then [JEE-Advance 2018]
-1
+
rtAr=SEAY i(liﬂj(liﬂJ ,
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The series expansion for [1 * 7)}} , to first power in Ay/y, is 15 (Ay/ ). Therelative errors in independent

variables are always added. So the error in z will be
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The above derivation makes the assumption that 7 <<1,—=<<1 Therefore, the higher powers of

these quantities are neglected.

(There are two questions based on Paragraph ""A', the question given below is one of them)

16.

Consider the ratio 7 = to be determined by measuring a dimensionless quantity a. If the error in

(1+a)
the measurement of a is Aa(Aa/a << 1), then what is the error Ar in determining r ?
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are Ax, Ay and Az, respectively, then

-1

+
zi&:x‘mzi(liﬂj(uﬂJ ,
ytAy y x y

-1
A
The series expansion for [1 * 7);} , to first power in Ay/y, is 15 (Ay/ ). Therelative errors in independent

variables are always added. So the error in z will be
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The above derivation makes the assumption that — << 1, — << 1. Therefore, the higher powers of
X y

these quantities are neglected.

(There are two questions based on Paragraph ""A', the question given below is one of them)

17.

In an experiment the initial number of radioactive nuclei is 3000. It is found that 1000 + 40 nuclei decayed
in the first 1.0 s. For |x| <<1, In (1 +x) =x up to first power in x. The error A, in the determination

of the decay constant A, in s, s -
(A) 0.04 (B) 0.03 (C) 0.02 (D) 0.01
ER0090



Error in measurements & instruments

19.

A steel wire of diameter 0.5 mm and Young's modulus 2 x 10" N m™ carries a load of mass M. The
length of the wire with the load is 1.0 m. A vernier scale with 10 divisions is attached to the end ofthis
wire. Next to the steel wire is a reference wire to which a main scale, of least count
1.0 mm, is attached. The 10 divisions of the vernier scale correspond to 9 divisions of the main scale. Initially, the
zero of vernier scale coincides with the zero of main scale. If the load on the steel wire is increased by 1.2kg, the
vernier scale division which coincides with a main scale division is....... Take g= 10 ms ~ and 7t = 3.2.
[JEE-Advance 2018]
ER0091

An optical bench has 1.5 m long scale having four equal divisions in each cm. While measuring the focal
length of'a convex lens, the lens is kept at 75 cm mark of the scale and the object pin is kept at 45 cm mark.
The image ofthe object pin on the other side ofthe lens overlaps with image pin that is kept at 135 cm

mark. In this experiment, the percentage error in the measurement of the focal length of the lens is .
[JEE-Advance 2019]
ER0092
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EXERCISE (S)

1. Ans. (A) 3, (B) 3, (C) 4, (D) 4, (E) 3, (F) 5, (G) 2, (H) 4
2. Ans. (A) 711, (B) 0.7, (C) 1.0 x 103, (D) 20.0

3. Ans. (i) 0.4, (ii) 14 4. Ans. 3.07 cm 5. Ans. (i) x = 0.7 msd, (ii) 6, 1
1-cosO
6. Ans. L.C.= /| =0 7. Ans. 2.84 mm 8. Ans. R =3.64 mm

9. Ans. 5.5 £0.05 cm 10. Ans.CD, AB, EF 11. Ans.v=(3.4+0.4) m/s

12. Ans.S = (1.2 £0.18) cm 13. Ans. Ry = 15.0 Q + 2%, R =33Q+3%

14. Ans. 4.8 g/cm’ 15. Ans. 9% 16. Ans.AY =0.0489Y = 1.1 x 10O N/m?
17. Ans.2.6 cm? (in two significant figures) 18. Ans. 14%, 0.53

19. Ans. 5t/18%

a
20. Ans. 1.8 /(N+2) 21. Ans. il

+1

22. Ans. T=2.625.0.01s,—0.06s,—0.20 s, 0.09 s, 0.18 s, Average absolute error =0.11 s, 4.2 %
23. Ans. 2.66 g/cm®

EXERCISE (O)

1. Ans. (D) 2. Ans. (A) 3.Ans. (O) 4. Ans. (A,B,C) 5. Ans. (A) 6. Ans. (A)
7. Ans. (D) 8. Ans. (A) 9. Ans. (A) 10. Ans.(A) 11. Ans. (A) 12. Ans. (B)
13. Ans. (B) 14. Ans.(A) 15. Ans. (B) 16. Ans. (B) 17. Ans. (D) 18. Ans. (D)
19. Ans. (C) 20. Ans. (B) 21. Ans.(A) 22. Ans. (D) 23. Ans. (C) 24. Ans. (C)
25. Ans. (D) 26. Ans. (B) 27. Ans.(A,C) 28. Ans.(A, B)

EXERCISE-JM
1. Ans. (1) 2. Ans. (4) 3. Ans. (3) 4. Ans. (3) 5. Ans. (2) 6. Ans. (4)
7. Ans. (4) 8. Ans. (2) 9. Ans. (3) 10. Ans. (4) 11. Ans. (4) 12. Ans. (3)
13. Ans.(2) 14. Ans. (2) 15. Ans. (4) 16. Ans. (2)

EXERCISE - JA
1. Ans. (B) 2. Ans. (A,C) 3. Ans. (O) 4. Ans. (D) 5. Ans. (B) 6. Ans. (O)
7. Ans. (A) 8. Ans. (B) 9. Ans. (D) 10. Ans.4 11. Ans.(B,C) 12. Ans.4
13. Ans.(C) 14. Ans.(A, B, D) 15. Ans.(D) 16. Ans. (B) 17. Ans. (C)

18. Ans. 3[ 2.99, 3.01]

19. Ans. (1.35t0 1.45)




