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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 :

I.  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.

4

ALLEN Unit & Dimension, Basic Maths and Vector



————

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 -1
ms

Unit of speed =

unit of time ~ second

Some derived units are named in honour of great scientists.
* Unit of force — newton (N) < 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 1b
Time s S S
Force dyne newton(N) poundal
Derived \])E:]I?élr(g(;r erg joule(J) ft-poundal
Power erg/s watt(W) ft-poundal/s
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Dimensions :

Ex.

@

Ex.

Ex.
Sol.
Ex.
Sol.

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 X T ime | mass X T me | mass x length X (time)~
ime ime

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.

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 MLT2. The two versions given below are equivalent
and are used interchangeably.

(a) The dimensional formula of force is MLT 2.

(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.

Dimensional formula of mass is [M'L° T°] and that of speed (= distance/time) is [M°L'T']
Applications of dimensional analysis :

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 Il system
i.e. magnitude = numeric value (n) x n, = numerical valueinIsystem
unit (u) = constantorn u, =n_u M, = unitofmass inlsystem
11 272 M, = unit of mass in Il system
So if a quantity is represented by [M*L°T¢] L, = unitoflengthinIsystem
L, = unitoflength in Il system
. L
n,=n, |2 n M, a L L ° ? _ un%i ngme in iISYStfm
= — | = e b — = unitortime in 11 system
Then | B2 1 u, 1 M, L, T, 2 M

Im =100 cm=3.28 ft =39.4 inch

(SI) (CGS) (FPS)

The acceleration due to gravity is 9.8 m s Give its value in ft s~
AsIm=32ft .. 9.8m/s?=9.8x 3.28 ft/s*=32.14 ft/s* ~ 32 ft/s?
Convert 1 newton (SI unit of force) into dyne (CGS unit of force)

The dimensional equation of force is [F]=[M'L' T?]

Therefore if n, u , and n_, u, corresponds to SI & CGS units respectively, then

ML ] (ke [ ][ ] 5
n, = IM2 L, T, =1 o em s =1x 1000100 x 1=10

. 1 newton = 10° dyne.

Unit & Dimension, Basic Maths and Vector
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Q.

Ans.

(ii)

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 108 cm’/g s?

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.

: L : Ny : :
Check the accuracy of the relation T = 21t \/: for a simple pendulum using dimensional analysis.
g

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

dimensions of length

The dimensions of RHS =
dimensions of acceleration

12
j (. 27 is a dimensionless constant)

L 1/2
=(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]

[M]° [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]: 0=b—-a = b=a=—5

3
For[L]: 0=c+3a =c=-3a= 2
R3
Putting the values we get T=G'"* M 2R3 = ,|—
GM
R3
So the actual expression is T = 27—
GM

Limitations of this method :

(M)
(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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(i) Therelation 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
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same dimensions.

(v) It gives no information whether a physical quantity is a scalar or a vector.
Units and Dimensions of Physical Quantities

Quantity Common Symbol ST unit Dimension
Displacement s METRE (m) L
Mass m, M KILOGRAM (kg) M
Time t SECOND (s) T
Area A m? L2
Volume \Y m’ L3
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) (=J/s) ML?/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¥YT
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 ] 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 LY/T*’K
Stefan's constant c W/m>-K* M/T3*K*
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 )
0 =— radian O

length(s) to length of the line(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
n rad= 180° n=3.1415= Kl
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.
* Point O is called origin.
* Line XOX'is known as x—axis and YOY" as y—axis.
* Regions XOY, YOX', X'OY and Y'OX are called I, I, IIl and IV quadrant respectively.
Consider a line OP making angle 6 with OX as shown. Line PM

is perpendicular drawn from P on OX. In the right angled triangle Y .
OPM, side OP is called hypotenuse, the side OM adjacent to angle oot

0 is called base and the side PM opposite to angle 0 is called the X o) = M X
perpendicular.

Following ratios of the sides of a right angled triangle are known as v

trigonometrical ratios or T-ratio

n, Basic Maths and Vector\Eng.p65

perpendicular MP base OM perpendicular  MP
sin 6 = h = cos 0= = tan O = =
ypotenuse ~ OP hypotenuse ~ OP base oM
base oM hypotenuse  OP hypotenuse ~ OP
cotO = - = sec 0= = cosec 0 = Jicular
perpendicular MP base OM perpendicular MP
cosecH =— secO = cotO =
sin 0 cos0 tan O

Some trigonometric identities
sin’0 + cos?0 =1

1 + tan?0 = sec?0

1 + cot?0 = cosec?0
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Example

Unit & Dimension, Basic Maths and Vector

3
Given sin 6 = . Find all the other T—ratios, if 0 lies in the first quadrant.

5
Solution
. 3
In AOMP , sin 0 = 5 SoMP=3and OP =5 - OM = |/(5)> —=(3)* = /25-9 = J16 =4
Nowoseg OM _4 . MP 3 g OM_4 "
ow cos 8= "0 =5 tan “ oM 2 cot = MP 3 ;
3
o OP_5 o OP 5
sec 0=~ 2 cosec 0 =1 =7 v "
4
T-ratios of some commonly used angles
T T T T
Toradl ® Torad| T
Angle (0) O rad 6 e 4 rad 3 f 2 rad
0° 30° 45° 60° 90°
. 1 1 J3
- = ¥ 1
sin 6 0 5 NG 5
B | L |1
cos 0 1 5 2 5 0
1
tan 0 0 Ne] 1 J3 0
sin (90°—0)=cos0 sin (180°-0)=sin6 sin (360°—0)=—sin6
cos (90°—0)=sinO cos (180°—0)=—cosO cos (360°—0)= cosO
tan (90°—0)=cotd tan (180°-0)=—tan® tan (360°-0)=—tan0
sin (90°+0)=cos0 || sin (180°+6)=-sinO sin (—0)=-sin®
cos (90°+0)=—sin® | | cos (180°+0)=—cos6 cos (—0)=cos0
tan (90°+0)=—cotd || tan (180°+6)=tan6 tan (—0)=—tan0
*  When 0 is very small we can use following approximations : cos 6 = 1
in0=0 .. .
- If O 1s in radians
tan0 =0
tan O = sin 0.
* Inthe given right angled triangle we have very commonly used T-ratios
sin37° =§ cos37°=— tan37° =§ 530
5 4
3
sm53°:i c0553°:E tan53°:i
5 5 3
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Example

Find the value of (1) cos (—60°) (i1) tan 210° (111) sin 300°
(iv) cos 120°

Solution

1
(1) cos (—60°) = cos 60° =3

I
(il tan 210° = tan (180° + 30°) = tan 30° = 75

3
(111) 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. N

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

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

(iii) 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%‘=5N

By definition magnitude of a vector quantity is scalar and is always positive.

n, Basic Maths and Vector\Eng.p65
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TERMINOLOGY OF VECTORS
Parallel vector: If two vectors have same direction, they are parallel to each other. They may be

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

located anywhere in the space.

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

g

b

.. a=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=—borpb=-3a

s

-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°.

e PN

Addition Of Vectors:

Parallelogram law of addition:

Steps:

(1) Keep two vectors such that there tails coincide.

(i1) 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.

i

e
a

Unit & Dimension, Basic Maths and Vector_
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Addition of more than two Vectors

The triangle law can be extended to define addition of more than two c
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 .Itis writtenas —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 @+ b is a vector represented by OC,
where OC is the diagonal of the parallelogram OACB.

«da+b=b+4 (commutative) *(@+b)+¢ = 5+(B+E) (associativity)
«da+0=a=0+4a «d+(-d)=0=(-d)+a

" |@a+b[<|E]+]b| " |@-b[>[|d|- bl

. 516‘ z\/|§1|2+|5|2 i2|5||5|cos9 where 0 is the angle between the vectors
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Some Important Results :

(1) If6=0°= a||b
then, |R |=|d|+|b| & |R | is maximum

) If0=n= 3 anti| b

then, IR!=‘|5!—|B|‘ & |R | is minimum

oo

=l
1

(B) f0=n2=3 L b

o
o

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

|R | =2ac0s6/2 & a.=6/2 AZB
a

(5) If|a|=|b| =a&0=120°

o

then |R| =a
Multiplication Of A Vector By A Scalar:

Ifa is avector & mis a scalar, then m a is a vector parallel to a whose modulus is |m| times that of a.
Thismultiplication is called SCALAR MULTIPLICATION. If @ and b are 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) = md + 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
A

& 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
k

unit vector along z-axis is
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Cartesian components in two dimensions
Ifavector is resolved into its components along mutually perpendicular
directions, the components are called Cartesian or rectangular y I
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 A, of these

components are given by the following equation.
A =Acos0 and A = AsinO

A

A=Ai+A]

A=A’+A]

Here i and ] 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

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=Al +A+A] *

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=ABcos0=0A-OB-cos0
The above equation can also be written in the following ways.

2>

A-B=(Acos0)B=0P-OB A-B=A(Bcos0)=0A-0Q
B B
E OP=Acos8 N \“‘ 0Q=Bcosh
wh B I
o] P B Ayt B R
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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

Ans.

Sol.

Ans.

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 itselfis known as self-product. A-A =A>=A=vA-A

The angle between the vectors 0 = cos™ (%)

O G {
(a) Component of A in direction of B ’
~ A]__D; AN A o B . ............... >
A=(lcos0)B |A|[|QH |] [| J _(AB)B X
(b) Component of A perpendicularto B : A = A—AH
Dot product of Cartesian unit vectors: i-j = j-j=k -k =1
i-j=j-k=k-1=0

IfA=Ai+A, j+Ak and B=B,i+B,j+B,k,their dot product is given by
A-B=AB +AB +AB,

Solved Examples

Two displacement vectors of same magnitude are arranged in the following manner

M\ an 4 (II1) ‘9@ (IV) L{/

Magnitude of resultant is maximum for
(A)casel (B)casell (C) case III (D) case IV

(B)

Magnitude of Resultantof A and B = \/ A’ + B’ +2ABcos0 which is maximum for 6 = 30"
Two vectors P and () are added, the magnitude of resultant is 15 units. If () isreversed and added to P

resultant has a magnitude /113 units. The resultant of 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
(A)

Unit & Dimension, Basic Maths and Vector
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Sol.

Ans.

Sol.

P2+ Q? +2PQcos0 =225 ...(1)
P2+ Q?—2PQcosd =113 ...(ii)
By adding (i) & (ii) 2(P? +Q?) = 338

P2+ Q2=169 = /P +0* =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 (CO)2N,IN, 1IN (D)8N,6N, 1N

(A, B,D)

They must form a triangle. (a + b > ¢)

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 g. Maximum angle between vector ¢ and the resultant
F=d+b i

®l]d

§§§§§

A tanl(é) B tanl[L] O) cos ! (t/ D) cos ! (a/
(A) tan”!| > (B) —— (C)cos" (i) (D) cos” (a/)

Ans. (A,B,C)

Sol.

Ans.

Sol.

Ans.

4

T

Angle between 7 and } is maximum when j is tangent to circle.

IfA=2i+ 3 +k and B=10i+ 53 + 5k, ifthe magnitude of component of (B—A) along A is 4\/; .

Then x will be.
6

—

r=1§—A=4(2i+j+f<)

n, Basic Maths and Vector\Eng.p65

rcos0 =

TA 4(4+1+1

r.A _ ( ) — 4\/8

Al Ve

x=6

The component of A =i+ j+ 5k perpendicularto B =3i+4] is

A

4~ 3~ 8 ~ 6~
— i+ j+5k -2 -2+ 5k
(A) 7751755 B) 735 !

4~ 3~ 8~ 6~ »

—i1—-——j+5k +—i1i——j+5k
25 © 25 ! (D) 25 25J
©)

25
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A
Sol. / -
0 o sB

Acosd

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

2a

_ ~b—+/b*> —4ac
2a

equation or value of variable x is x =

—b++/b” —4ac
X, = 5 and x,
a

Example
Solve 2x*+ 5x - 12=0
Solution
By comparison with the standard quadratic equation a=2,b=5and c=-12

-5+ 2 _4x2x(=12) -5+4/121 -5%11 +6 -16 3
o J(S)2 (1) 4# _ _ e 3,
X

Binomial approximation
In case, x is very small, then terms containing higher powers of x can be neglected. In such a case,
(1+x)"=1+nx
Also (1 +x)"=1-nx and (1 —x)"=l-nx and (1 —x)" =1+ nx

m
L 4
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Exponential Expansion
XZ X3 2 3
e"=1+x+z+§+ ........ and e*"=l—X+§—§+ --------
Componendo and dividendo theorem :
p_a p+q a+b
If — =7 then by componendo and dividendo theorem ——— =
q b p—q a-b
Determinant
Dab d-b —33_12 2—4_6
| ¢ =a C, For example IV ST R B S S
a, a, 4,
N L S LN
¢, ¢ C C, G ¢ G ¢ G
Example
5403
- 6_516 426+ 21
lg 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 + logn (b) Quotient formula logE = logm — logn
n

(c) Power formula log m"=n log m

GEOMETRY : SOME USEFUL FORMULAE

Formulae for determination of area :
* Area of a square = (side)?
* Area of rectangle = length x breadth
* Areaofatriangle = (1/2) X base X height
* Areaofatrapezoid =(1/2) x (distance between parallel sides) x (sum of parallel sides)
» Area enclosed by a circle = nr*> (where r = radius)

*  Areaofasectoracircle= L 0r* (where r=isradius and 6 is angle subtended ata centre) -

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

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

* Areaofaparallelogram = base x height
»  Area of curved surface of cylinder = 2nr/ (where r = radius and ¢ = length)

n, Basic Maths and Vector\Eng.p65
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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*+mnrl [where nr/ = nr /42 4 1,2 = lateral area (h=height)]

Formulae for determination of volume :

Volume of a rectangular slab = length % breadth x height = abt

Volume of a cube = (side)’

Volume of a sphere =

37 r’ (where r =radius)

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

Volume of a cone = 5

7t r*h (where r =radius and h = height)
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EXERCISE (S-1)

Units & Dimensions

1.

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

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

a dimensionless constant, T is temperature in kelvin (K), and m is mass in kg. Find the SI 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 & o are constants. If ® is 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 o in terms of',
mand G

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 F =2 where symbols have their usual meaning. The dimensions of a is.
t

UD0007
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Addition of vectors

8.

10.

11.

A block is 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
Two forces act 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
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
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.
3N

»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 Ais 125 m at 53° and corner C is 100 m at 37° from x axis. Find the length

of the fencing required in meter.

Ay
A
D
£00\53° g
UD0012
13. Vector B has x, y and z components 0f 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
L4
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14.

15.

Three ants P, Q and R are pulling a grain with forces of magnitude 6N, 343N and 3v/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.
UDO0015

Scalar product of vectors

16.

17.

18.

19.

Consider the two vectors : T =1i+2j+3k and [ = 4i+5]+6k . Find the value of the scalar o such

that the vector T, — ¢/ is perpendicularto L. UD0016

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

UD0017
(a) Calculate T =d—b+¢ where a=51+4j—6k, b=-2{+2j+3k and ¢ =47 +3j+2k.
(b) Calculate the angle between 7 and the z-axis.

(c) Find the angle between & and b UD0018

Ifthe velocity of a particle is (2] + 33’ — 4k ) and its acceleration is (— + 23’ + k) and angle between them

1S % . The value ofn s. 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)n ~1+nx,

x| << 1, to find approximate value for

1
(@) V99 ®) 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
- wheren, P,
V-b T"V(V+b)

The equation of state for a real gas at high temperature is given by 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 4.

UDO0026
Abirdis atapoint 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 80+/3 N along the y—axis. It is

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

v

30/ k
F, \0 1

X UD0028
Aparticle 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

dimensions of a, b and ¢ are respectively :—

(A)LT% Land T (B)L? Tand LT? (C)LT?, LTand L (D)L,LT and T?

UDO0033
Ifarea (A), velocity (v), and density (p) are base units, then the dimensional formula of force can be
represented as :-
(A)Avp (B)AvZp (©) 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)S5 (©)0.5 (D) 5000

UDO0035

) o 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

11 11 11
(A) 5,5 B) =575 ©) 573 (D) -

1
2°2 )

N | —

UD0037
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9.

If force, acceleration and time are taken as fundamental quantities, then the dimensions of length will be:
(A)FT? (B)F'AT! (C)FA’T (D) AT?
UDO0038

10. Inaparticular system the units of length, mass and time are chosen to be 10 cm, 10 gand 0.1 s respectively.
The unit of force in this system will be equal to :-
(A)O.1N (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=y*z
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.
< ]D
(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. The equation of the stationary wave is y = 2A sin ( 27;“ j cos ( 2:X ) which of the following statement is
wrong?
(A) The unit of ct is same as that of A. (B) The unit of x is same as that of A.
. 2mc | 21X i C . X
(C) The unit of —, Issameas that of EvE (D) The unit of 5, Issameas that of o
UD0043
15. Due to some unknown interaction, force F experienced by a particle is given by the following equation.
F=- % i
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? (ByML’T? (C)MLAT? (D) MLT®
UD0044
L4
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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
(C) 120°, 30°, 30° an isosceles triangle

(B) 120° equilateral 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 force is :

(A) 104/3 kg wt (B) 2043 kg wt

1
(C) 10 kg wt (D) T(; 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)3

©)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°
(C) 0°, 90° and 90°

(B) 0°, 90° and 180°
(D) 180°, 0° and 90°

UD0049

A body placed in free space, is simultaneously acted upon by three forces 131 , E and E . The body is in

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 133 ?

(A) 36 N due south.
(C) 45 N due 53° south of west

(B) 53 N due 60° south of east
(D) 45 N due 37° north of west

UDO0050

The ratio of maximum and minimum magnitudes of the resultant of two vectors A and B is 3 : 2. The

relation between A and B is
(A)A=5B (B)5A=B

(C)A=3B (D)A=4B

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
(C) 40 units 53° north of west

(B) 25 units 37° north of east
(D) 40 units 53° north of east

UDO0051

UDO0052
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24. Two vectors g and p add to give aresultant & — ; 4+ p . In which of these cases angle between 4 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 ¢ and j is 60°, then |4 — p| is :-
(A)O 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) 5\2m (B) Om (C)1m (D) 12m
UDO0055
Resolution of vectors and unit vector
27. Theprojection of a vector, 7 = 3; + } + 2k , on the x—y plane has magnitude :—
(A)3 (B)4 © V14 (D) J10
UD0056
28. A bird 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) 67 +8
UD0057

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

(A) 4001 +2200 j+400k

(C) 20001 +2200 j+ 2000k (D) 4001 +1000 j+400k
UD0058

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

can be expressed as :

(A) 100 G+ ) (B) 100 (i - }) (©) 50v2 (i-)) (D) 50v2 (i+))
UD0059
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31.

32,

For the given vector A =3 — 43 +10k , the ratio of magnitude of its component on the x-y plane and the

component on z—axis is :-

1
(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)—6m/s? (B)—4 m/s? (C)—8 m/s? (D)—5m/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  + 3 +k ,an adjacent

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

1 2 1 2 1] — 1 1 1
(A) cos™ 3 (B) cos™ 3 (C) cos™ 3 (D) cos™ 3

UD0062
If G and 5 are two unit vectors such that @ +2b and 5a — 45 are perpendicular to each other then the
angle between @ and b is :-
(A)45° (B) 60° (C) cos™ @ (D) cos™ @j

UD0063

The velocity of a particleis ¥ = 6] + 23 — 2k . The component of the velocity of a particle parallel to vector
a=i+j+kis:-

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

A particle moves from a position 31+ 23 —6k toa position 147+ 133 +9k inm and a uniform force of

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

(A)200] (B) 1007 (C)300] (D) 500 ]
UD0065
Which of the following is perpendicular to j — j — i ?
(A)i+j+k B) —i+j+k C)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?
A |[A+Bl<a+B  ®)|A+Bl2A+B  (©Oi+Bl>1A-B (D)|A+B>|a-B|
UD0067
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40.

41.

42,

43.

44.

45.

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

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

(A) Dimension of ACis LT™! (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.

The unit of length is :-
(A)15m (B)50m (C)25m (D) 100 m

UD0070
The unit of time is :-
(A)10s (B)20s (©)5s (D)15s

UD0070
The unit of mass is :-
(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 (5) , 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.
Ifata given instant, velocity & acceleration of a particle are given by.
V=41 +3]
a=10i+15]+20k
Find the tangential acceleration of the particle at the given instant :-

2 170, = oA 17/~ A
(A) 17(4i+3]) (B) ?(41+3J) () 17(4i-3j) (D) ?(41—3J)
UD0071
Find the normal acceleration of the particle at the given instant :-
(A) 91+1§J+50k ®B) 9i 125_] 50k © 181+2451J+100k D) 181 2453 100k
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 212 and after particle B meets particle A, they both
return to origin following a straight line path with speed 5V/5. Match the items of column-I with suitable
items of Column-IL.

Column-I Column-1I
(A) Initial velocity vector of A P ( —10; )
(B) Initial velocity of B Q) (5 +10 ])
(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 ])
M (=20 +2])

UD0072
Column-I show vector diagram relating three vectors 3, b and ¢. Match the vector equation in

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

Column-I Column-I1

(A) (P) da—(b+¢)=0
6 —

(B) /b Q b-c=a
a

(C) R) d+b=-¢

UD0073
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48.

49.

In aregular hexagon two vectors @ = A, RP = B. Express other vector's in term of them :-

(A)

(B)
©)

(D)

Column-I

PS
PT
RS

TS

(P)
Q)
R)
(S
(M

Column-II
—2B-3A
-B-A
-B-2A
—2(B+A)

A
UD0074

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

(A)

B)

©

(D)

Column-I

yA

o)

(P)

Q)

R)

(S)

Column-II

a=asinBi+acos0]

a=-acosOi+asin0 ]

a=-asinfi—acos0]

a=acosOi—asinb]

UDO0075
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EXERCISE (0-2)

SINGLE CORRECT TYPE QUESTIONS

In a certain system of units, 1 unitof time is 5 sec, 1 unit of 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) 16 watts (C) 25 watts (D) none of these
UD0076
Ifthe unit of 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
UD0077

If in a system, 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 10" newton (D) 1 newton=6.67 x 10~ notwen
UD0078

In two different 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
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.
UDO0080

Forces proportional to AB, BC and 2CA act along 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°
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10.

11.

12.

south of west. Obtain the component of the velocity of the boat along the shoreline.

J3

(A) 9 km/hr (B) 18~ km/hr

(C) 18 cos (15°) km/hr (D) 18 cos (75°) km/hr
UD0082
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

A vector of magnitude 10 m in 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) (3 m,—4m) (B) 3 m, 4 m) (C) (-4 m, 6 m) (D) (-4 m,~6 m)
UD0084
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 +257 — 9%

(C) 50i —257 —10k (D) 50i +257 —10k

UD0085
A body moves in anticlockwise direction on a circular path in the x-y plane. The radius of the circular path
is 5 mand 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 is true?

(A) Its initial position vectoris 5; m. (B) Its initial position vectoris (—37 +4 j)m.

(C) Its final position vector is (4f + 3}) m. (D) Its final position vector is 6 j m.

UD0086
Aboy A is standing 20\3 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) (~20i +-10]) m (B) (~10/ ~1043]) m
©) (102 + 10x/§}) 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 direction of g :—

(F.d)a &) T4 © & G G f)f

a? a r r

(A)

UD0088
Consider three vectors A =i+ j—2k, B=i—j+k and C =2i—3j+4k. A vector % of the form

aA + BB (o and B are numbers) is perpendicular to C . The ratio of oo 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 is its velocity and 7 is the axis of swept cone

as shown. Select INCORRECT statement :-
O (origin)

=

v
) 7
(A) 1.Z is always zero (B) 1.V is always zero
(C) z.v i1salways constant (D) 1 -Z is always non zero constant

UD0090
x-component of a vector 4 istwice of its y-componentand ./ times ofits z-component. Find out the

angle made by the vector from y-axis.

4 2 4 1 a1 a4 2
A) cos™'| == B)cos 1(—} C) cos (—j D) cos 1(—}
(A) ( \/7} B) NG © NG (D) NG
UD0091
Given the vectors A =2i+3j—k; B=31—2j—2k & C=pi+pj+2pk - Find the angle between
(A-B) & C
(A) 6=cos™ 2 (B) 0 =cos™ ﬁ (C) 6=cos™ Q (D) none of these
N 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. Amanisstanding at point (x =5 m, y =0). Then he walks along straight line to (x =0, y = 5m). A second
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20.

21.

22,

23.

24.

man walks from the same initial position along the x-axis to the origin and then along the
y-axis to (x =0, y = 5m). 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 V50 m for 2™ man.
UD0094
The vector 1 + xj + 3k is rotated through an angle 6 and doubled in magnitude, then it becomes

41+ (4x — 2) j + 2k. The values of x are

A —g B l C g D)2
(A) =3 B)3 (©) 3 (D)
UD0095
The value of | A + B— C + D| can be zero if :—
(A)|A|=5,B|=3,|Cl =4I| =13 (B) | A|=2v2,|Bl=2,IC| =2;|Dl =5
(©) |A|=22,[Bl=2,|cl=2;[Dl =10 (D) | A|=5,Bl=4,|C|=3;D|=8
UD0096

The four 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

Select CORRECT statement(s) for three vectors g = —3i +2j —k,b =i —3j + 5k and ¢ =21+ j—4k

(A) The above vectors can form triangle.

(B) Component of 3 along ¢ is 3.
a2 :
(C) 3 makes angle cos F with y-axis.

- 2 oA ~
(D) A vector having magnitude twice the vector g and anti parallel to vector b is \/; (—21 +6j-1 Ok)
UD0098

If a vector P makes an angle a, B, y with x, y, z axis respectively then it can be represented as

P=P [cos i +cos Bj +cos yl;} . Choose the CORRECT option(s) :-
(A) cos?> o + cos’ B+ cos’y =1 B)pp=p2

(C) P.(i—k) =P(cos a.— cos ) (D) P.i =cosa
UD0099
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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
(C) 500N2 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) 500N2 m due North-East (B) 500 m due North
(C) 866 m due North-West (D) 5003 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 directionas 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

that the equation for the drift S may be written: Soc V Vy"DC

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

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

be dimensioned as Tx’ Vy as ?y, Sas L _and D as Ly. The dimensional equation becomes :

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

LX ' L}’ ’ ¢ . .
L= | = (Ly) and we may solve completely as a=1,b=-1 and c = 1. The increase in

Ts

S the drift and D width of river both having dimension L. With these four quantities, we may conclude

ALLEN .
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28. 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 a running boy
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30.

31.

32,

33.

UDO0101
From the concept of directed dimension what is the formula for a range (R) of a cannon ball when it is fired

with vertical velocity component \ 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]

Ck(VY,) CK(V,) Ck(V,) ) k(V,)
(A)R——g (B)R= . (OR= Ve (D)R= Ve

X

UDO0101
Aconveyer belt of width D is moving along x-axis with velocity V. Aman 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
(M) S =k~ (B)S=k— (© =k (D)S=k—

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
I L=10m i) M=100gm (P) T=0.1sec
I) L=10cm (i) M=10kg Q) T=10ms
(II) L=0.1 mm (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) (1) (P) (B) (D) (i) (S) (C) (1) (iv) (P) D)D) (1) (Q)
UD0102
In which of the following system, unit of energy is 10° erg
(A) (D) (1) (S) (B) IV) (iii) (R) ©) D) (iv) (Q) (D)) (iii) (P)
UD0103
In which of the following system, unit for coefficient of viscosity is 100 poiseuille
(A) (D) (i1) (S) B) 1D (1) (Q) (C) (IID) (i) (R) (D) AV) (iv) (P)
UD0104
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34.

35.

ALLEN .

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 = 10~ kilogram
10 pal = 1.0 second

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

Column-I
(A) One SI unit of force (P)
(B) One SI unit of potential energy Q)
(C) One SI unit of power (R)
(D) One SI unit of momentum (S)

(D

Column-IT

10? units of RMP
10? units of RMP
10* units of RMP
10° units of RMP

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
v
A
*) > (P)
® : Q
B
-v
y —
©) By (R)
A
® 3 ] )
B
A
(T

Column-I1

X-component of A + B is positive

Y-component of A +B is negative

X-component of A — B is positive

Y-component of A — B isnegative

B . A ispositive
UD0106
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36. Figure shows acube of edge length a.
Ay
H G
E F
A B . X
D C
Z
Column-I Column-II
(A)  The angle between AF and x-axis (P) o60°
1
(B)  Angle between AF and DG (Q) cos! 3
1
(C)  Angle between AE and AG (R) cos™ ﬁ
2
S -1 —
(S) cos 3
UD0107
i%
L 4
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EXERCISE (JM)

An ideal 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 AyP, 1 V,MP, 1 |AyP, 1My,
M2 vm S 3) 270\ ™y, @ 27\ AP,
UDO0108
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EXERCISE (JA)

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

ListI List II [JEE Advanced-2013]

P. Boltzmann constant 1. [ML*T']
Q. Coefficient of viscosity 2. [ML'T]
R Planck constant 3. [MLT=K™]
S Thermal conductivity 4. [ML2T=2K™]
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 p, and speed of light ¢, the
dimensionally correct equation(s) is(are) [JEE Advanced-2015]
(A) p,I*=¢,V’ B)el=p,V (C)I=¢cV (D) p,el=¢gV
UDO0111

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‘f{‘ . The general relation among vectors P,Q and § is :

[JEE Advanced-2017]

Y

(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
UD0112

4

Unit & Dimension, Basic Maths and Vector



JEE-Physics ALLEN .

S.

6.

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

o=m/6tad s’ If |A+B|l=+3|A-B| at time t = 1t for the first time, the value of t, 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
[1,] 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]=[BIILIT]  (B)[E]=[BIL][T] (O)[E]=[BIILIT]" (D)[E]=[BIL][T]"
UDO0114

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
[1,] 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 [p ] is :- [JEE Advanced-2018]
(A) [1] = [€JILTTTT (B) [1,] = [&,JIL] [T’
(©) [n,] =[] [LTATI (D) [1g] = [, '[LT[TT

UDO0114
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)

1. Ans. L, ML?T2

GM

5. Ans. v, =k,[—

9. Ans. 1

R

6. Ans. K =6

10. Ans. 25

2. Ans. kg.m?.s2K"'  3.Ans. T'= a\/%

GM

4. Ans. o =K, [—

7

7. Ans. [MLT'] 8. Ans. /75
11. Ans. 7 12. Ans. 90 m

4 6 3
13. Ans. cosa =[—j cos =[—] cos =[—j magnitude =~/61 14. Ans. 3
Jor)> SP=ggr) oY= f5r) a8

15. Ans. 5

7
16. Ans. —

16

17. Ans. j + j, 3k

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

20. Ans. (a) 2?“ «6.4%x10°m,(b) 3x6.4x10°m 21 Ans. (a) 9.95, (b) 0.99

22. Ans. 0.14, 0.09

19. Ans. 2

EXERCISE (S-2)

1. Ans. ML T2K"?

7

33

—1 -1
4. Ans. 2,/19 , cos 210 OF tan’ —

7. Ans. 16i —30k,198.]

5. Ans. 100 s

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

6. Ans. 120N, 40/3 N

EXERCISE (0O-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. (OC)
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; (O)-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)
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EXERCISE (0-2)

1. Ans. (A) 2. Ans. (D) 3. Ans. (O) 4. Ans. (B) 5. Ans. (O) 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, O) 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)RB)Q(O)P

EXERCISE (JM)

1. Ans. (3)

EXERCISE (JA)

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)
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NEWTON'S LAWS OF MOTION & FRICTION

KEY CONCEPTS

FORCE

A push or pull that one object exerts on another.

FORCES IN NATURE

There are four fundamental forces in nature :
1. Gravitational force 2. Electromagnetic force
3. Strong nuclear force 4. Weak force

TYPES OF FORCES ON MACROSCOPIC OBJECTS

(a)

Ex.

(b)

Ex.

(c)

Field Forces or Range Forces :

These are the forces in which contact between two objects is not necessary.

(1) Gravitational force between two bodies. (ii) Electrostatic force between two charges.
Contact Forces :

Contact forces exist only as long as the objects are touching each another.

(1) Normal forces. (i1) Frictional force

Attachment to Another Body :

Tension (T) in a string and spring force (F = kx) comes in this group.

NEWTON'S FIRST LAW OF MOTION (OR GALILEO'S LAW OF INERTIA)

Every body continues in its state of rest or uniform motion in a straight line unless compelled by an
external force to change that state.

Definition of force from Newton's first law of motion "Force is that push or pull which changes or
tends to change the state of rest or of uniform motion in a straight line".

Inertia : Inertia is the property of the body due to which body oppose the change of its state. Inertia

of a body is measured by mass of the body. |inertia ocmass

TYPES OF INERTIA

Inertia of rest : It is the inability of a body to change, its state of rest by itself.

Examples :

When we shake a branch of a mango tree, the mangoes fall down.

When a bus or train starts suddenly the passengers sitting inside tends to fall backwards.

The dust particles in a blanket fall off when it is beaten with a stick.

When a stone hits a window pane, the glass is broken into a number of pieces whereas if the high
speed bullet strikes the pane, it leaves a clean hole.

Inertia of motion : It is the inability of a body to change its state of uniform motion by itself.
Examples :

When a bus or train stop suddenly, a passenger sitting inside tends to fall forward.

A person jumping out of a speeding train may fall forward.

A ball thrown upwards in a running train continues to move along with the train.

Newton's laws of Motion & Friction
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Inertia of direction : It is the inability of a body to change its direction of motion by itself.

Examples :
. When a car rounds a curve suddenly, the person sitting inside is thrown outwards.
. Rotating wheels of vehicle throw out mud, mudguard over the wheels stop this mud.
. A body released from a balloon rising up, continues to move in the direction of balloon.

NEWTON'S SECOND LAW OF MOTION
Rate of change of momentum of a body is directly proportional to the external force applied on it and
the change in momentum takes place in the direction of force

FOCd—p or F:d_p:i mf/):mﬁ+§d—m
dt dt dt dt dt
. - dv -
if m = constant then F=m P
. Newton's Second Law Provides the Definition of the Concept of Force.
. Definition of the 1 Newton (N) :— If an object of mass one kilogram has an acceleration of Ims " relative

to an inertial reference frame, then the net force exerted on the object is one newton.

CONSEQUENCES OF NEWTON'S II LAW OF MOTION

F
. Concept of inertial mass : From Newton's I law of motion a :ﬁ

1.e., the magnitude of acceleration produced by a given body is inversely proportional to mass i.e.
greater the mass, smaller is the acceleration produced in the body. Thus, mass is the measure of
inertia of the body. The mass given by above equation is therefore called the inertial mass.

. An accelerated motion is the result of application of the force :
There may be two types of accelerated motion :

(1)  When only the magnitude of velocity of the body changes : In this types of motion the force is
applied along the direction of motion or opposite to the direction of motion.

(i)  When only the direction of motion of the body changes : In this case the force is applied at right
angles to the direction of motion of the body, e.g. uniform circular motion.

. Acceleration produced in the body depends only on its mass and not on the final or initial
velocity.

Ex. A force F= (6§ - 83 +10k)N produces acceleration of 1 ms? in a body. Calculate the mass of the

body.
. F F| V6 +8 +10
Sol. - Acceleration a = [l S mass m = Fl_ % —102kg
m a
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Ex. A force of 50 N acts in the direction as shown in figure. The block of mass 5kg, resting on a smooth
horizontal surface. Find out the acceleration of the block.

50 \/_ 50N g
Sol. Horizontal component of the force = Fsinf = 50sin60° = —N 60~ Ske
F sin®
F Sln e 50\/7 THTTITTTETT Ty e riiry
acceleration of the block a — =53 m/s?
m

NEWTON'S THIRD LAW OF MOTION

The first and second laws are statements about a single object,

whereas the third law is a statement about two objects. ®_F, F 3
. According to this law, every action has equal and opposite

reaction. Action and reaction act on different bodies and the

- bl ey @t )

are simultaneous. There can be no reaction without action. — —

. If an object A exerts a force F on an object B, then B exerts an The forces between two
. objects A and B are equal and
equal and opposite force (-F) on A. opposite, whether they are
attractive or repulsive.

. Action and reaction never cancel each other, since they act on different bodies.

*  Firstlaw : If no net force acts on a particle, then it is possible to select a set of reference frames,
called inertial reference frames, observed from which the particle moves without any change in
velocity.

*  Second law : Observed from an inertial reference frame, the net force on a particle is proportional

d(mv)
dt

*  Third law : Whenever a particle A exerts a force on another particle B, B simultaneously exerts a

to the time rate of change of its linear momentum:

force on A with the same magnitude in the opposite direction.
FREE BODY DIAGRAM

A diagram showing all external forces acting on an object is called "Free Body Diagram" (F.B.D.)
In a specific problem, first we are required to choose a body and then we find the number of forces
acting on it, and all the forces are drawn on the body, considering it as a point mass. The resulting
diagram is known as free body diagram (FBD).

For example, if two bodies of masses m and M are in contact and a force F on M is applied from
the left as shown in figure (a), the free body diagrams of M and m will be as shown in figure (b)

and (c).
N,
t N
F SN SRV <i fi
— M m —a m
THTTTTTTTETTTTTTT T T TTT 71 * *
(a) Mg mg

—~
(=3
~
—
o
-~
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Important Point :

Two forces in Newton's third law never occur in the same free—body diagram. This is because a
free—body diagram shows forces acting on a single object, and the action—reaction pair in Newton's
third law always act on different objects.

MOTION OF BODIES IN CONTACT

()

(i)

CaseI:
When two bodies of masses m,; and m, are kept on the frictionless surface and a force F is applied
on one body, then the force with which one body presses the other at the point of contact is called
Force of Contact. These two bodies will move with same acceleration a.

_a'
When the force F acts on the body with mass m, F
as shown in fig. (1) F = (m, + m,)) a. ™ m,
If the force exerted by m, on m, is f; (force of contact) TR T
then for body m; : (F - 1)) =m, a Fig.(1) : When the force F

acts on mass m,.

a—>»
for body m, : f;=m,a . 2 —>
— f, f,
. m,F — 3 m,
—> action of m, on m, : fl=2

m, +m,

Fig. 1(a) : F.B.D. representation of
action and reaction forces.

When the force F acts on the body with mass m,
as shown in figure 2

F=(m, +m,))a

for body with mass m, Fig. (2) : When the force F
acts on mass m,.
F-f,=m,a

_ o
for body m, f,=ma 2
m f f, F
. f m,F e — m,
= action on m, , 2

l’Ill + m2
Fig. 2 (a) : F.B.D. representation of
action and reaction forces.

Case II :
Three bodies of masses m;, m, and m, placed
one after another and in contact with each other.

Suppose a force F is applied horizontally on mass m, F

F TTTTITITITITE

= a=
then F=(m, +m, + my)a = (m, +m, +m,)
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a
—
p o (my+my)F donon both m. and LN N PLEE'N O DL
- 1
1 (m, +m, +m,) (action on both m, and m,)
F —f=ma, f— f=ma,
£ m,F ‘
) =
and (m, +m, +m,) (action on m, alone)
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Ex.

Sol.

Ex.

Sol.

when the force F is applied on m,, then

f, m, F (m, +m,)F

= (action on m, alone) and f, = (action on m, and m,)
(m,; +m, +m;) ! ? (m, +m, +m,) : 2
a

Two blocks of mass m = 2 kg and M = 5 kg are in contact on a —

frictionless table. A horizontal force F (= 35 N) is applied to m. Find F M
—» m

the force of contact between the block, will the force of contact remain

LTI T T T 7777

same if F is applied to M ?
As the blocks are rigid under the action of a force F, both will move with same acceleration

a —>
ao F 35 o —
“m+M 2+5 M _Fl vl i m
force of contact f =Ma=5x5=25N
1 <a_ <+— a
If the force is applied to M then its action on m will be mlt — M F

f,=ma=2x5=10N.
From this problem it is clear that acceleration does not depends on the fact that whether the force
is applied to m or M, but force of contact does.
Two masses 10 kg and 20 kg respectively are connected by a

10 kg 20 kg
. . F F
massless spring as shown in figure force of 200 N acts on the —> 4 200 N
. . e M
20 kg mass. At the lnStant Shown m ﬁgure the 10 kg mass has Y

acceleration of 12 m/s?, what is the acceleration of 20 kg mass?
Equation of motion for m; is F = mja; = 10 x 12 = 120 N.
Force on 10 kg—mass is 120 N to the right. As action and reaction are equal and opposite, the reaction
force F on 20 kg mass F = 120 N to the left.
Equation of motion for m, is 200 - F = 20 a,

80 -
=200 — 120 = 20 a, = 20 a, = 80 232:%:4 ms 2
SYSTEM OF MASSES TIED BY STRINGS
Tension in a String :
It is an intermolecular force between the atoms of a string, which T T é —F
acts or reacts when the string is streched. %

Important points about the tension in a string :
Force of tension act on a body in the direction away from the point of contact or tied ends of the

string.
String is assumed to be inextensible so that the magnitude of «—a -
accelerations of any number of masses connected through strings < M = !

iS always same. TTTTIITT TTTTTTTTTIIT

Newton's laws of Motion & Friction
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If the string is extensible the acceleration of different masses T T

connected through it will be different until the string can stretch.

String is massless and frictionless so that tension Massless and ‘ T

. . friction less
throughout the string remains same. string T
T, T

If the string is massless but not frictionless, at every contact
tension changes.

If the string is not light, tension at each point will be different
depending on the acceleration of the string.

If a force is directly applied on a string as say man is pulling
a tied string from the other end with some force the tension will
be equal to the applied force irrespective of the motion of the
pulling agent, irrespective of whether the box will move or not,
man will move or not.

String is assumed to be massless unless stated, hence tension
in it everywhere remains the same and equal to applied force.
However, if a string has a mass, tension at different points will
be different being maximum (= applied force) at the end through
which force is applied and minimum at the other end connected
to a body.

Massless string but
there is friction between

string and pulley T,
T, T,
—
p &
There is friction between T;
string and pulley and string
used in not light. T,

T o
/Tv//
Box =F
Man_
[
I T T T TTITITIT T
Tmm Tmax
LIS —_
M oo |

In order to produce tension in a string two equal and opposite stretching forces must be applied.

The tension thus produced is equal in magnitude to either applied force (i.e., T = F) and is directed

inwards opposite to F. Here it must be noted that a string can never be compressed like a spring.

I, i
I =P [

If string is cut so that element b is replaced by a spring scale (the rest of the string being undisturbed),

the scale reads the tension T.

T a b C

< | I N T N » T
Three small elements
ofa string, a, b, ¢

Every string can bear a maximum tension, i.e. if the tension in a string is continuously increased

it will break if the tension is increased beyond a certain limit. The maximum tension which a string

can bear without breaking is called "breaking strength". It is finite for a string and depends on its

material and dimensions.
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Sol.

Ex.

Sol.

Ex.

Sol.

A uniform rope of length L is pulled by a constant force F. What is the tension in the rope at a distance
¢ from the end where it is applied?
Let mass of rope is M and T be tension in the rope at

F
point P, then. Acceleration of rope, a= M A P B

Equation of motion of part PBis F — T = (m/) a

-t () 0 (5] 8]

A bird with mass m perches at the middle of a stretched string

m
Show that the tension in the string is give by T = 2si§ 5" Assume

that each half of the string is straight.
Initial position of wire = AOB. Final position of wire = ACB

Let 0 be the angle made by wire with horizontal, which is very

small. Resolving tension T of string in horizontal and vertical
directions, we note that the horizontal components cancel while

vertical components add and balance the weight.

For equilibrium 2T sin@ =W =mg =T= = mg/2sinf

2sin 0

The system shown in figure are in equilibrium. If the spring balance is calibrated in newtons, what
does it record in each case? (g = 10 m/s?)

T ©

W Q—E==—

one weight acts as support
another acts as weight
sotension T=10g
10 kg = 100N 10 kg

300

10kg || L 110kg T=10x%10 sin30°

10 x 10 x %2 =50N

T =2x10xg=2x10x10=200N

Newton's laws of Motion & Friction _
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MOTION OF BODIES CONNECTED BY STRINGS
Case : 1
Two bodies :

Let us consider the case of two bodies of masses m, and m, connected — a2
by a thread and placed on a smooth horizontal surface as shown in figure. m LI Ir .

. . . . . 1 d - 2
A force Fis applied on the body of mass m, in forward directionas shown. b b d
Our aim is to consider the acceleration of the system and the tension T E
in the thread. The forces acting separately on two bodies are also shown
in the figure: N N
From figure T=ma T - T -
and F-T=mja T T

m, —» <+— m, —»F

= F=(m, + m)a l

a= F & T mlF m,g m,g
: - = —_—

m, + m, m, + m,
Case II:
Three bodies —_—a
In case of three bodies, the situation is shown in figure T, T,
m, ——< m, p— m;, —>»F

. F i

Acceleration a=————— E
m,+m, +m,
m,F
T=ma=—"1+——
m, +m, +m;,
R, R, R
-+ for block of mass m, F— T, =ma p ¢ p 8 p ¢
m, —»T, Te— m, —»T, T« m, |—>»F
- T.=F- m3F _ (m1+m2)F l l l
. 2 -
m,+m,+m; m,+m,+m, mg mg mg

Ex. A block of mass M is pulled along a horizontal frictionless surface by a rope of mass m as shown
in fig. A horizontal force F is applied to one end of the rope. Find (i) The acceleration of the rope
and block (i1) The force that the rope exerts on the block. (iii) Tension in the rope at its mid point.

. . F
Sol. (i) Accelaration a=——— M SIS ——
(m +M)
M.F
ii T=Ma=—— a
(i))Force exerted by rope (m + M) —>
T T __—»d
m m +2M F . CEmm e
it (5o« <[5 (5)
m + 2,
M —L/2—> T, <+—L2—>»
_ (m+2M)F m/2 m/2

. ‘i T =
Tension in rope at midpiont 1i 2(m +M)
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Spring Force (According to Hooke's law) :

Ex.

Sol.

In equilibrium F = kx }mmm_; F
—X—

k is spring constant

) ) ) o Natural
Note : Spring force is non impulsive in nature. length
Ifthe lower spring is cut, find acceleration of the blocks, immediately after cutting the spring.
Intial stretches k
3mg _ mg
Xupper - k Xlower B T

On cutting the lower spring, by virture of non-impulsive nature of spring the stretch
in upper spring remains same. Thus,

Js
Lower block : 2mg=2ma = a=g

2mg

(m ) ta k(%

Upper block : K j— mg=ma= a=2g

mg

FRAME OF REFERENCE

It is a conveniently chosen co—ordinate system which describes the position and motion of a body
in space.

INERTIAL AND NON-INERTIAL FRAMES OF REFERENCE

Inertial frames of reference :

Areference frame which is either at rest or in uniform motion along the straight line. A non—accelerating
frame of reference is called an inertial frame of reference.

All the fundamental laws of physics have been formulated in respect of inertial frame of reference.
All the fundamental laws of physics can be expressed as to have the same mathematical form in
all the inertial frames of reference.

The mechanical and optical experiments performed in an inertial frame in any direction will always
yield the same results. It is called isotropic property of the inertial frame of reference.
Examples of inertial frames of reference :

A frame of reference remaining fixed w.r.t. distant stars is an inertial frame of reference.

A space—ship moving in outer space without spinning and with its engine cut—off is also inertial frame
of reference.

For practical purposes, a frame of reference fixed to the earth can be considered as an inertial frame.
Strictly speaking, such a frame of reference is not an inertial frame of reference, because the motion
of earth around the sun is accelerated motion due to its orbital and rotational motion. However, due
to negligibly small effects of rotation and orbital motion, the motion of earth may be assumed to
be uniform and hence a frame of reference fixed to it may be regarded as inertial frame of reference.

Newton's laws of Motion & Friction
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Non-inertial frame of reference :

An accelerating frame of reference is called a non—inertial frame of reference.

Newton's laws of motion are not directly applicable in such frames, before application we must add

pseudo force.

Note : A rotating frame of references is a non—inertial frame of reference, because it is also an

accelerating one due to its centripetal acceleration.

PSEUDO FORCE

Ex.

Sol.

The force on a body due to acceleration of non—inertial

frame is called fictitious or apparent or pseudo force
and is given by F=-ma,, where a, is acceleration

of non—inertial frame with respect to an inertial frame
and m is mass of the particle or body.The direction of
pseudo force must be opposite to the direction of

acceleration of the non—inertial frame.

smooth surface

For observer O on ground train is moving with acceleration
on "a" for observer O' in side the train there is pseudo force
in opposite direction shown in figure.

When we draw the free body diagram of a mass, with respect to an inertial frame of reference

we apply only the real forces (forces which are actually acting on the mass).

But when the free body diagram is drawn from a non—inertial frame of reference a pseudo force

(in addition to all real forces) has to be applied to make the equation F = mpz to be valid in this

frame also.

A pendulum of mass m is suspended from the ceiling of a train moving with an acceleration 'a’

as shown in figure. Find the angle 0 in equilibrium position.

Non—inertial frame of reference (Train)

TcosO
$

io,

o' R
ma QR >
—>a Tsin®

F.B.D. of bob
O mg

F.B.D. of bob w.r.t. train. (real forces + pseudo force) : with respect to train, bob is in equilibrium

- 2F =0 =T cos 6 = mg and
2F =0 =T sin 0 = ma

= tan § = > = e:tan—l[iJ
g g
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MOTION IN A LIFT

Ex.

Sol.

The weight of a body is simply the force exerted by earth on the body. If body is on an accelerated
platform, the body experiences fictitious force, so the weight of the body appears changed and this
new weight is called apparent weight. Let a man of weight W = Mg be standing in a lift.

We consider the following cases :

° a=0 Ta \'/:Va<g S\%}
S

(a) zé I (b) jflg (©) e (@

W' =M(g - a)

W =-M(g—a)
(Negative)

l ;

W’ =M(g +a)

Case (a) :

If the lift moving with constant velocity v upwards or downwards.

In this case there is no accelerated motion hence no pseudo force experienced by observer inside the lift.
So apparent weight W’ = Mg (Actual weight).

Case (b) :

If the lift is accelerated upward with constant acceleration a.

Then net forces acting on the man are (i) weight W = Mg downward (ii) fictitious force F, = Ma
downward.

So apparent weight W' = W + F = Mg + Ma = M(g + a)

Case (¢) :

If the lift is accelerated downward with acceleration a < g

Then fictitious force F; = Ma acts upward while weight of man W = Mg always acts downward.
So apparent weight W’ =W + F = Mg — Ma = M(g — a)

Special Case : If a = g then W™ = 0 (condition of weightlessness).

Thus, in a freely falling lift the man will experience weightlessness.

Case (d)

If lift accelerates downward with acceleration a > g :

Then as in Case ¢ . Apparent weight W’ = M(g — a) is negative, i.e., the man will be accelerated
upward and will stay at the ceiling of the lift.

A spring weighing machine inside a stationary lift reads 50 kg when a man stands on it. What would
happen to the scale reading if the lift is moving upward with (i) constant velocity, and (ii) constant
acceleration?

(1) In the case of constant velocity of lift, there is no fictitious force; therefore the apparent
weight = actual weight. Hence the reading of machine is 50 kgwt.

(i1) In this case the acceleration is upward, the fictitious force ma acts downward,therefore apparent
weight is more than actual weight i.e. W'=m (g + a).

m 1+E
8 g 50a
———==50+——| kgwt.
g

g

Hence scale shows a reading = m (g + a) =

Newton's laws of Motion & Friction
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Ex.

Sol.
Ex.

Sol.

Ex.

Sol.

Two objects of equal mass rest on the opposite pans of an arm balance. Does the scale remain balanced
when it is accelerated up or down in a lift?

Yes, since both masses experience equal fictitious forces in magnitude as well as direction.

A passenger on a large ship sailing in a quiet sea hangs a ball from the ceiling of her cabin by means
of a long thread. Whenever the ship accelerates, she notes that the pendulum ball lags behind the
point of suspension and so the pendulum no longer hangs vertically. How large is the ship’s acceleration
when the pendulum stands at an angle of 5° to the vertical?

The ball is accelerated by the force T sin5°.
Therefore T sin5° = ma.
Vertical component ZF = 0, so T cos5° = mg.

By solving a = g tan 5° = 0.0875 ¢

= (0.86 ms— FBD of ball

mg

mg

A 12 kg monkey climbs a light rope as shown in figure. The rope passes over a pulley and is attached

to a 16 kg bunch of bananas. Mass and friction in the pulley are negligible so that the pulley’s only
effect is to reverse the direction of the rope. What is the maximum acceleration the monkey can
have without lifting the bananas?

Effective weight of monkey W_=M(g+a)
As per given condition W =W,
= M (g+ta)=M¢g
M, -M,) g (16-12
a= = x9.8
= M, 12
9.8

:3; =3.26 m/s?

PULLEY SYSTEM

Ex.

Sol.

(a)

A single fixed pulley changes the direction of force only and in general, assumed to be massless
and frictionless.

It is clear from example given below. —

A block of mass 25 kg is raised by a 50 kg man in two different ways ‘gff;\ Mg
as shown in figure. What is the action on the floor by the man in the
two cases ? If the floor yields to a normal force of 700 N, which
mode should be the man adopt to lift the block without the floor
yielding ?

Mass of the block, m = 25 kg ; mass of the man, M = 50 kg

Force applied to lift the block F =mg =25 x 9.8 =245 N mg oy
Weight of the man, M g =50 x 9.8 =490 N

When the block is raised by the man by applying force F in upward direction, reaction equal and

opposite to F will act on the floor in addition to the weight of the man.
. action on the floor Mg+ F =490+ 245=735N
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When the block is raised by the mass applying force F over the rope (passed over the pulley) in downward
direction, reaction equal and opposite to F will act on the floor,

. action on the floor Mg —-F=490-425=245N
floor yields to a normal force of 700 N, the mode (b) should be adopted by the man to lift block.

Newton's laws of Motion & Friction

Some cases of pulley

I Case

m1=m2=m

Tension in the string T=mg

Acceleration 'a' = zero

Reaction at the suspension of the pulley

R=2T =2 mg.

net pulling force

II Case

m, > m,
now for mass m,, m g—TZmla

for mass m,T-m, g=m, a

a_wgandT:

2mm,
(m,; +m,)

(m; +m,)

2 x Product of masses

Acceleration = Tension =
total mass to be pulled Sum of twomasses
. . 4mm, g
Reaction at the suspension of pulley R=2T = ——= —>a
(m; +m,)
III Case : 't T
Formassm @ T=m, a 7
Formassm,: mg—-T=m,a
. m m. m a
acceleration a = — 28 gpd 7= M o l
m,+m,) (m, +m,)
IV Case :
(m, >m,)
— a
Form,mg-T =ma <

Form, T,-m,g=m,
ForMT —-T,=Ma

= q= (m;, —m,) g,
(m, +m, +M)
(2m2+M)mlg (2ml+M)m2g
1 m,+m,+M °’ 2" m,+m, +M
V Case :

Mass suspended over a pulley from another on an inclined plane.

Formassm :mg-T=m, a
Formassm, : T —m,g sind =m,a

(m, —m, sin 0)

acceleration a =
(m, +m,)

T m,m,(1+sin0)

(m, +m,)
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VI Case :
Masses m and m, are connected by a string passing over

a pulley (m, >m,)

(m, sina—m, sinf})

Acceleration a =
(m, +m,)

m,m,(sino +sin f)

Tension T =

(m, +m,)
VII Case :
Formassm :T -mg=ma
Formassm, :m,g+T,-T =m,a
For mass m, : m,g—T,=m,a

(m, +m,; —m,)

Acceleration a =
(m, +m, +m;)

we can calculate tensions T, and T, from above equations
VIII Case :
From case (iii)

m,m,

tension T =

(m; +m,)

|
LTI, //I/ T T

If x is the extension in the spring,

then T=kx e
X = T mm,g
k k(m,+m,)
Ex. Inthe system shown in figure all surface are smooth, string ! ke T & m,g
is massless and inextensible. Find: ; ,,‘,?, R
(a) acceleration of the system §
(b) tension in the string and § B 2 ke
(c) extension in the spring if force constant of spring is § 3
k = 50 N/m (Take g = 10 m/s’) S
Sol. (a)In this case net pulling force =m_g + myg =50 N § 3 kg
and total mass to be pulled is (1 + 2 + 3) kg = 6 kg. )
.. Acceleration of the system isa = % ms
50 50 —>a
(b) Free body diagram of 1 kg block gives T =ma = (1) (sz = ?N A —T
(¢) Free body diagram of 3 kg block gives kx
30-kx=ma but ma=3x%=25N C la
x=20=2 _S5 01l m- 10 cm
k 50 3g=30N
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Ex.

Sol.

Ex..

Sol.

In the adjacent figure, masses of A, B and C are 1 kg, 3 kg and 2 kg respectively.

Find: (a)the acceleration of the system and
(b) tensions in the string

Neglect friction. (g = 10 ms?)

(a) In this case net pulling force

=m, g sin60° + myg sin60° —m_g sin30°
= (m, +my) g sin 60° —m_. g sin 30°

T
V3 1 1

= —+ - —

(1+3)x10x 2 2X10X2

=20/3-10 =20 x 1.732 - 10=24.64 N
Total mass being pulled =1+ 3 +2=6kg

24.64 A
.. Acceleration of the system a = Y 4.1m/s’ m, g sin60

(b)For the tension T, in the string between A and B, m, g sin60° — T, = (m,) (a)
- T,=m, gsin60°—m, a=m, (g sin60° —a)

3
= T,=(1) [10><7—4-1 =456N I
N
For the tension T, in the string between B and C.
T, —m. g sin30° =m a
» M g C m.g sin30°
1
= T,=m. (a+gsin30°) =2 {4.1+10 (Eﬂ =182N
Consider the situation shown in figure. Both the pulleys and g Q P
the strings are light and all the surfaces are frictionless. Calculate 4 m
(a) the acceleration of mass M, l I
(b) tension in the string PQ and A

(c) force exerted by the clamp on the pulley P.
As pulley Q is not fixed so if it moves a distance d the length of string between P and Q will changes
by 2d (d from above and d from below), i.e., M will move 2d. This in turn implies that if a is the

a
acceleration of M the acceleration of Q and of 2M will be 5

Now if we consider the motion of mass M, it is accelerated downward, so

T=M(g-a)..... (1)
And for the motion of Q

a
2T—T‘=O><5=O =>T=2T ... (i1)
a
And for the motion of mass 2M T' = 2M (Ej , > T'=Ma ... (1i1)

Newton's laws of Motion & Friction
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(a)

(b)

(©

Ex.

Sol.

So the acceleration of mass M is % g while tension in the string PQ from equation (1) will be

2 1
T=Mg-738=73 Mg

Now from figure (b), it is clear that force on pulley by the clamp will be equal and opposite to
the resultant of T and T at 90° to each other, i.e.,

(N,)=VT?> +T? =\/5ng Mg

Consider the double Atwood’s machine as shown in the figure

ALLATEATERTATARTARARRARERRRARRARANAANY

(a) What is acceleration of the masses?
(b)What is the tension in each string?
(a) Here the system behaves as a rigid system, therefore every part of the system will move with
same acceleration. Thus Applying newton’s law
mg — T =ma (1)
2T — mg = ma -(2)
Doubling the first equation and adding

_ . 1
mg = 3 ma = acceleration a = gg
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(b) Tension in the string T =m (g — a) = m(g—gj = gmg




. ALLEN Newton's laws of Motion & Friction
Ex. Consider the system of masses and pulleys shown in fig. with massless string and frictionless pulleys.
(@  Give the necessary relation between masses m, and m, such that system is in equilibrium and does not

move.
(b) Ifm, =6 kg and m, = 8 kg, calculate the magnitude and direction of the acceleration of m,.
Sol. (a) Applying newton’s law m,g — 2T = 0 (because there is no acceleration) and T — m,g = 0
= (1’1’12 - 21’1’11) g= 0= m, = 21’1’11 R KR ERRRRRRRRRNSS
(b) If the upwards acceleration of m, is a,
. . a
then acceleration of m, is 5 downwards
a
for mass m,: m,g — 2T = m, 5= 2m,g — 4T = m,a
formassm, : T —mg = ma
ao|2Mazdm | 2(8-12) g
= m,+4m, )&~ "g+24 &7 4
Negative sign shows that acceleration is opposite to considered direction i.e.
it is downwards for m; and upwards for m,.
Ex. In the given figure If T, = 2T, = 50 N then find the value of T.
Sol. As given in figure,
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T, = 2T, = 2(2T,) = 4T,

3
and T, =2T,

T =T, + T, = 4T, + 2T, = 6T,

:6><$:150N
2

CONSTRAINT RELATIONS

Ex.
Sol.

These equations establish the relation between accelerations (or velocities) of different masses attached
by string(s). Normally number of constraint equations are equal to number of strings in the system
under consideration.

Find the relation between acceleration of 1 and 2.

At any instant of time let X, and x, be the displacements of
1 and 2 from a fixed line. Then x, + x, = constant

Differentiating w.r.t. time, v, + v, =0

Again differentiating w.r.t. time, a, +a,=0 = a, =—a,
So acceleration of 1 and 2 are equal but in opposite directions.
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Ex. At certain moment of time, velocities of 1 and 2 both are 1 ms | upwards. Find the velocity of 3 at

that moment.
Sol. x, +x, =/, (length of first string)

X, — X, + X; — X, = /, (length of second string)

> v, tv,=0&v,+v,-2v, =0
= Vv, Tv,+2v, =0
Taking upward direction as positive

v, = v, =1
1

sol+v,+2x1=0= v;=-3ms

i.e. velocity of block 3 is 3 ms ' downwards.
Ex. Find the relation between acceleration of blocks a, a, and a,.

Sol. x, +2x,+x,=/
v, t2v, + v, =0
a, +2a,ta; =0

Ex. Using contraint equation. Find the relation between a, and a,.

Sol.  For this system a, T = a,(4T+2T+T) = a,=7a,
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FRICTION

INTRODUCTION
Friction is the force of two surfaces in contact, or the force of a

medium acting on a moving object. (i.e. air on aircraft.). Frictional

forces may also exist between surfaces when there is no relative

. .. . . . Yo sh round
motion. Frictional forces arise due to molecular interactions. In some g oushes
on ground you forward

cases friction acts as a supporting force and in some cases it acts as
opposing force.

. Supporting : Walking process can only take place because there is friction between the shoes and ground.

. Opposing : When a block slides over a surface the force of friction acts as an opposing force in the
opposite direction of the motion

. Both Supporting and Opposing :

. Pedaling : When cyclist pedals the friction force on rear wheel acts as a supporting force and on front

wheel as a opposing force.

Force of friction Force of friction
when pedaling when not pedaling

. Non-Pedaling : When cyclist not pedals the friction force on rear wheel & front wheel act as a

opposing force.

CAUSE OF FRICTION

. Old View : When two bodies are in contact with each other, the irregularities in the surface of one
body set interlocked in the irregularites of another surface. This locking opposes the tendency of
motion.

. Modern View : Friction is arises on account of strong atomic or molecular forces of attraction between

the two surfaces at the point of actual contact.
TYPES OF FRICTION

Friction

l
! }

Static friction
(No relative motion between objects)

Dynamic friction (Kinetic friction)
(There is relative motion between objects)

ALLEN Newton's laws of Motion & Friction
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STATIC FRICTION

It is the frictional force which is effective before motion starts between two planes in contact with
each other.

It's nature is self adjusting.

Numerical value of static friction is equal to external force which creates the tendency of motion of
body.

Maximum value of static friction is called limiting friction. 0<f <uN , { =-F

applied

LAWS OF LIMITING FRICTION

The magnitude of the force of limiting friction (F) between any two bodies in contact is directly
proportional to the normal reaction (N) between them F oc N

The direction of the force of limiting friction is always opposite to the direction in which one body is
on the verge of moving over the other.

The force of limiting friction is independent of the apporent contact area, as long as normal reaction
between the two bodies in contact remains the same.

Limiting friction between any two bodies in contact depends on the nature of material of the surfaces
in contact and their roughness and smoothness.

Its value is more than to other types of friction force.

DYNAMIC FRICTION

The friction opposing the relative motion between two bodies is called dynamic or kinetic friction

_fk == ( HkN)
This is always slightly less than the limitng friction

COEFFICIENT OF FRICTION

The frictional coefficient is a dimensionless scalar value which describes the ratio of the force of
friction between two bodies and the force pressing them together.

Static friction coefficient p_= N

Sliding friction coefficient u, = Fy

N

The values of u_and p, depend on the nature of both the surfaces in contact.

GRAPH BETWEEN APPLIED FORCE AND FORCE OF FRICTION

If we slowly increase the force with which we are o
Limiting friction

pulling the box, graph shows that the friction force f=f 1 J/

increases with our force upto a certain critical value, J E\mon
f;, the box suddenly begins to move, and as soon as 3 . Q-\@‘ ;

it starts moving, a smaller force is required to maintain < .N\J@

its motion as in motion friction is reduced. The friction }g %

value from 0 to f; is known as static friction, which = Jso :

balances the external force on the body and prevent it F=f

—
v . . L. Applied force F
from sliding. The value f; is the maximum limit up to

which the static friction acts is known as limiting friction,
after which body starts sliding and friction reduces to kinetic friction.

ALLEN .
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. ALLEN Newton's laws of Motion & Friction

. When two highly polished surfaces are pressed hard, then a situation similar to welding occurs. It is

called cold welding.

. When two copper plates are highly polished and placed in contact with each other, then instead of
decreasing, the force of friction increases. This arises due to the fact that for two highly polished
surfaces in contact, the number of molecules coming in contact increases and as a result the
cohesive/adhesive forces increases. This in turn, increases the force of friction.

Net contact force is the resultant of normal reaction and frictional force.
APPROXIMATE COEFFICIENTS OF FRICTION

Materials Coefficient of Coefficien of
static friction, p_ Kinetic friction,
Steel on steel 0.74 0.57
Aluminum on steel 0.61 0.47
Copper on steel 0.53 0.36
Copper on cast iron 1.05 0.29
Brass on steel 0.51 0.44
Teflon on teflon 0.04 0.04
Rubber on concrete (dry) 1.0 0.8
Rubber on concrete (wet) 0.30 0.25

Ex. A block of mass 1 kg is at rest on a rough horizontal surface having coefficient of static friction 0.2
and kinetic friction 0.15, find the frictional forces if a horizontal force,

(a) F=IN

F
GF=196N ] w
(c)F=25N , 1s applied on a block

Sol. Maximum force of friction fmax =02x1x98N=196N
(@ forF_ =1N, F _<f

ext max
So, body is in rest means static friction is present and hence f =F_ = 1N
(b) forF  =196N,F_ =f =19N ) f=196 N
(c) forF,_ =2.5N, SO F >f

now body is in moving condition
wf  =f=puN=p mg=0.15x 1x98=147N

max.

Ex. Length ofachainis L and coefficient of static friction is p. Calculate the maximum length of the chain
which can be hang from the table without sliding.

Sol. Lety be the maximum length of the chain can be hold out ) R (L-y) ‘
side the table without sliding. f4_'E::::r noooo ':{ s
Length of chain on the table = (L —y) 7

M w iy
Weight of part of the chain on table W' = I(L - y) g

M :
Weight of hanging part of the chain W = T8
For equlibrium : limiting force of friction = weight of hanging part of the chain

' M M _ ML
WR=W = LW =W :uf(L—y)gZI% = pL-py=y = Y=
L4
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

If the coefticient of friction between an insect and bowl is p and the radius of the bowl is 1, find the
maximum height to which the insect can crawl up in the bowl.
The insect will crawl up the bowl till the component of its weight

along the bowl is balanced by limiting frictional force. So, | q
resolving weight perpendicular to the bowl and along the bowl, AN : v
A o
N= 0,f = in O ‘[anezf—L tan O = o £ = UNT KD h
=mgcosH,f =mgsinb = N — tan =p [ f =pN] ¢ gz‘
m; /0
-y _

r 1
=0 > y=——= Soh=r-y=r1|l-
y 1+p? { M+N}

A body of mass M is kept on a rough horizontal surface (friction coefficient = ). A person is trying
to pull the body by applying a horizontal force F, but the body is not moving. What is the force
by the surface on A.

Let f is the force of friction and N is the normal reaction,

then the net force by the surface on the body is F =+/N? +f>

Let the applied force is F (varying), applied horizontally then f < u N (adjustable with f = F").
Now if F" is zero, f =0 and F_, = N = Mg

and when F’ is increased to maximum value permissible for no motion. f = p N,

giving F__ = N> +u'N* = Mg /1+u’

therefore we can write Mg < F < Mg,/1+p’

A block rest on a rough inclined plane as shown in fig. A horizontal force F F
is applied to it (a) Find out the force of reaction, (b) Can the force of friction

HAAAAAAARAATAAARP]

be zero if yes when? and (c) Assuming that friction is not zero find its
magnitude and direction of its limiting value.

(a) N=mg cos 0 + F sin 0

(b) Yes, if mg sin 6 = F cos 6

(¢) f=puR = p (mg cos 6 + F sin 0); up the plane if the body has tendency to

slide down and down the plane if the body has tendency to move up.

ANGLE OF FRICTION

The angle of friction is the angle which the resultant of limiting friction \¢
H z;“?’,/{; E
fy and normal reaction N makes with the normal reaction. It is PEX o
i : Applied
f. N i : force
represented by A tani == = b M T T T,
N N
W

For smooth surface A = 0
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ANGLE OF REPOSE (0)

SO

Ex.

(1)
(i)
Sol.
Q)

(1)

Ex.

(a)

(b)

If a body is placed on an inclined plane and if its angle of inclination is gradually increased, then
at some angle of inclination 6 the body will just on the point to slide down. The angle is called
angle of repose (0).

Fy = mg sin® and N = mg cos0

F
ﬁ:tane = | = tan0

Relation between angle of friction (A) and angle of repose (0)

tan A = p and p = tan O, hence tan A =tan 6 = 0 = A

Thus, angle of repose = angle of friction

A block of mass 2 kg slides down an inclined plane which makes an angle of 30° with the horizontal.

The coefficient of friction between the block and the surface is 7 .

What force must be applied to the block so that the block moves down the plane without acceleration ?
What force should be applied to the block so that it can move up without any acceleration ?

Make a 'free—body' diagram of the block. Take the force of friction opposite to the direction of motion.
Project forces along and perpendicular to the plane
perpendicular toplane N =mg cos 0

along the plane F+mgsin0—-f=0

(" there is no acceleration along the plane)
F+mgsinO—uN=0= F+mgsin06=pumgcos0

3
F=mg(ncos0-sinB)=2x 9.8 (%cos 30° —sin 30°)

N N C I 301
TX 7—2)—19.6(4 2)—4.9N

This time the direction of F is reversed and that of the frictional force is also reversed.

=19.6(

. N=mgcosO;F=mgsin0+f

31
= F=mg (ucos 0 +sin 0) = 19.6 (Z+E) =245N

A block of mass 1 kg sits on an incline as shown in figure.

What must be the frictional force between block and incline if the block is not to slide along the
incline when the incline is accelerating to the right at 3 m/s? ?
What is the least value p_can have for this to happen ?

Newton's laws of Motion & Friction
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Sol. N=m (gcos37°+asin37°)=1(9.8 x 0.8 +3 x0.6)=9.64 N

ma cos 37°
f W,

o o — [e]
mg sin 37° =ma cos 37° + f ma
Y4
ma sin 37° ¥

(@)f=1(9.8 % 0.6 -3 x 0.8) = 3.48

mg cos 37°

=E=0.36

f
(b)-- f=uN "“_ﬁ 0.64

Ex. A body of mass 5 x 10° kg is launched up on a rough inclined plane making an angle of 30° with
the horizontal. Obtain the coefficient of friction between the body and the plane if the time of ascent
is half of the time of descent.

i . puN + mgsin 0
Sol. For upward motion: upward retardation a, = T
N/

length of plane = s
time of ascent =t

a, = pg cos30° + g sin30° = (|3 +1)§ f mg

1 s_ |4
ST U T e (Bt

. . mgsin 6 —uN
For downward motion: downward acceleration a, ==
N
f
/ time of descent = t,
a,= gsin30° — gcos30° = (1 —/3 p) £ ne
2 0=30°

=L 7Va, \(-Bue

Now according to question 2t, = t,

\/ 4s \/ 4s
= 2 Burbg ~ V(1-Bug

1-\3p V3

1
- 1+3n 4 THRT TS
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Ex. When force F applied on m, and there is no friction between m, and

surface and the coefficient of friction between m, and m, is p. What | ™
should be the minimum value of F so that there is no relative motion
m, —> F
between m, and m, -0
LTI 777777777777777777777777
2, Ay
fe— NN AN,
Sol. For m, ]—>F for m,
v ;f
mg v
m,g
' F
For system acceleration a = m, +m,
F
For m, f = mya = pm,g = m, m, +m, = F_.=u(m, + m,) g
m
Ex. When force F applied on m, and the coefficient of friction between m, and b
surface. is u, and the coefficient of friction between m, and m, is p,. What m  |—F
should be the minimum value of F so that there is no relative motion i
LI7T7777T777 71777 T7T77777777
between m; and m,
a5 a
AN, — >
N VNz “Nz ;A“.ZNZ
Sol. For m, :N | :|—>F for m,
mg v
m,g
F—p(m +m,)g
For system a =
m, +m,
_ _ F—p(m +m,)g
For m,, p, (m,g) = m,a= m, m, +m,
= Fmin = (ml + mz) (ul + Hz)g
Ex. When force F applied on m, and there is no friction between m, and
surface and the coefficient of friction between m, and m, is p.. What ol ™ F
should be the minimum value of F so that there is no relative motion
between m; and m, m,
a a /. //i0 LIT777777T7777T777777
AN, AN, H=
F v N, »UN, = b
Sol. For m, p.deJ:j_’ For m, WL LS
m'g
v
m,g
) F
for system : acceleration = ——
m, +m,

_ _ _ F _ Hm,g
for m;: pm,g = ma = m, , F .. = (m + m) m
m,m, 1
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Ex.

Sol.

Ex.

Sol.

Two blocks with masses m; = 1 kg and m, = 2 kg are connected

by a string and side down a plane inclined at an angle @
0 = 45° with the horizontal. The coefficient of sliding friction ,
between m, and plane is p; = 0.4, and that between m, and

plane is p, = 0.2. Calculate the common acceleration of the

two blocks and the tension in the string. ak I
As p, < p,, block m, has greater acceleration than m, if we separately consider the motion
of blocks. But they are connected so they move together as a system with common acceleration.

So acceleration of the blocks
(rn1 +m2)gsin@—ulmlgcose—uzngcose

a =
m, +m,

1 1 1
(l+2)(10)(\/§j—0.4x1><10><\/5—0.2><2><10><\/E 2 5
1+2 RN

For block m, : mygsin —p,m,gcos0-T = mya= T = mygsinp—p,m,gcosO@—m,a

RS 1 22 2
=210 x = =02 x2x 10 x 5 =2 x 5 =

For shown situation draw a graph showing accelerations of A and B on y—axis and time on x—axis.
(g=10ms™)

A

m=l2 | 2kg ——»F=3t

smooth 4kg B
ALLARLERRELLLLRRTTRRRRRR AR AR AR AR R R NN

1
Limiting friction between A& B, f, =um,g = (5] (2)(10)=10N
Block B moves due to friction only. So maximum acceleration of B,

f, 10

- = — = —2
amaX_mB =7 =2.5ms”.

So both the blocks move together till the common acceleration becomes 2.5 ms 2, after that acceleations
of B will become constant while that of A will go on increasing. Slipping will starts between A & B
at 2.5 ms™

F 3t
=>25=———=—"7=1t=5s acora,
mA+mB 6 (ms?)
; L F e
Hence fort < 5s,a,=a,= m,+tm, 6 2
£ 3t-10 3 50
andfor‘[>5saB=2.5ms*2,aA=F £ = =—t-5
m 2 2

A
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. ALLEN Newton's laws of Motion & Friction
Ex. A block of mass m rests on a rough horizontal surface as shown in figure (a) and (b). Coefficient of

Sol.

Ex.

friction between block and surfaceis . A force F = mg acting at an angle 6 with the vertical side of

the block. Find the condition for which block will move along the surface.

&
R
0/ < AN
(a) m )/ ) %N m

SIS S SIS S

For (a) : normal reaction N = mg — mg cos 0, frictional force = uN = p(mg — mg cos 0)
Now block can be pulled when : Horizontal component of force > frictional force

i.e.mg sin O > pu(mg — mg cos 0)

or 2 singcosg > (1 —cosB)

. 0 0 ., 0 0
2sIn—cos— > 2usin” — cot— >
of p O =AY or ) =M

For (b) : Normal reaction N = mg + mg cos 0 = mg (1 + cos 0)

Hence, block can be pushed along the horizontal surface when

mgcosd

horizontal component of force > frictional force

1.e.mg sin 6 > pumg(1 + cos 0)

. 0 0 , 0 0
2SIN—COS— > WX 2COoS™ — tan— >
or 28y cosy =1 , = A=k

A body of mass m rests on a horizontal floor with which it has a coefficient of static friction p.
It is desired to make the body move by applying the minimum possible force F. Find the magnitude of
F and the direction in which it has to be applied.

Sol. Let the force F be applied at an angle 0 with the horizontal as shown in figure. Fsin0 4 F
For vertical equilibrium, N i
R+Fsin6=mg = N=mg—Fsin0 (1) FCOSE
for horizontal motion F cos 0 >f = F cos 0 > uN [as f = uN] i)  r
substituting value of R from equation (i) in (ii), {me
FcosO>p(mg—Fsin@) = F>— 218 (i)

(cosO+pusin0)
For the force F to be minimum (cos 6 + p sin 8) must be maximum,
maximum value of cos © + nsin 0 is \/1+pu® sothat F, = ngz with 6 =tan™' (p)
I+p




T Py

Ex. Abook of 1 kg is held against a wall by applying a perpendicular force F. If py = 0.2 then what

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

ALLEN .

is the minimum value of F ?
The situation is shown in fig. The forces acting on the book are—

For book to be at rest it is essential that Mg = f

But £ . = BN and N =F
1x9.8
~ Mg =pufF = F:% = —— =49 N
i, 0.2

A is a 100 kg block and B is a 200 kg block. As shown in fig., the
block A is attached to a string tied to a wall. The coefficient of friction
between A and B is 0.2 and the coefficient of friction between B and

floor is 0.3. Then calculate the minimum force required to move the block
B. (take g =10 m/sz).

]
-~}
—]
.4
=
~
~
=
Z
A >N
~
E <—F
Wall:
Z
=
—
mg
-]
E
E
E
e
E
—x
A
E A
-
g B [—=F
]

TTITTTTTTTTTTTTTTTTTT T 77

When B is tied to move, by applying a force F, then the frictional forces acting on the block B

are f, and f, with limiting values, f; = (ug),m,g and £, = (ug)y (M, + my)g

_a,
WWQ

then minimum value of F should be (for just tending to move),
F=f+f=02x100g+03x300g =110g=1100 N
Consider the figure shown here of a moving cart C. If the

coefficient of friction between the block A and the cart is p,

then calculate the minimum acceleration a of the cart C so that
the block A does not fall.

The forces acting on the block A (in block A’s frame

(i.e. non inertial frame) are :

For A to be at rest in block A’s frame i.e. no fall, PR

. g
we require W = f_ = mg = w(ma) Thus a =E

A block of mass 1kg lies on a horizontal surface in a truck, the

coefficient of static friction between the block and the surface is ma

0.6, What is the force of friction on the block. If the acceleration A Al

mg

A Au

of the truck is 5 m/s%.
Fictitious force on the block F=ma=1x5=5N
While the limiting friction force

F=uN=pumg =0.6x1x98=588N

As required force F lesser than limiting friction force. The block will remain at rest in the truck and

the force of friction will be equal to SN and in the direction of acceleration of the truck.

node06\BOBA-BB\Kota \JEE(Advanced) \NURTURE \Phy \Module\NLM, Kinematics-1D & Calculus & 2D\Eng\O1-NLM\O1. Theory & Ex.p65



| 4

node06\BOBA-BB\Kota \JEE(Advanced) \NURTURE \Phy\Module\NLM, Kinematics-1D & Calculus & 2D\Eng\O1-NLM\O1. Theory & Ex.p65

ALLEN Newton's laws of Motion & Friction

Ex. Coefficient of friction between two blocks shown in figure is 1 = 0.4 The blocks are given velocities
of 2ms™! and 8 ms™! in the directions shown in figure. Find e 2ms
(Y —>

1

(1) The time when relative motion between them will stop. S

(i1) The common velocities of blocks upto that instant. 2kg —
ATTRRRRRRTRRRRRRRRR RN

(ii1) Displacement of blocks upto that instant (g = 10 ms?)
Sol. (i) Frictional force between two blocks will oppose the relative motion. For 1 kg block friction support
the motion & for 2 kg friction oppose the motion. Let common velocity be v then

u(lg) ~0.4x10
1

for1kg v=2+atwherea = =4 ms™

p(lg) 0.4x10
for2kgv=8-a2twherea2=T = =2ms? = 2+4t=8-2t= 6t=6= t=1s
({)jv=2+4t=2+4x1=6ms"'

(ii1) Displacement of 1 kg block from rest

1 1
s=ut+ Eat2 2>51=2><1+5><4X12=2+2=4m

Displacement of 2 kg block from rest

1 1
s=ut+5at2:>sz=8><l—5 x2x12=8—-1=7m

Friction is a Necessary Evil :
Friction is a necessary evil. It means it has advantage as well as disadvantages. In other words, friction
is not desirable but without friction, we cannot think of survival.
Disadvantages :

(1) A significant amount of energy of a moving object is wasted in the form of heat energy to overcome
the force of friction.

(i) The force of friction restricts the speed of moving vehicles like buses, trains, aeroplanes, rockets
etc.

(i) The efficiency of machines decreases due to the presence of force of friction.

(iv) The force of friction causes lot of wear and tear in the moving parts of a machine.

(v) Sometimes, a machine gets burnt due to the friction force between different moving parts.
Advantages :

(1)  The force of friction helps us to move on the surface of earth. In the absence of friction, we cannot
think of walking on the surface. That is why, we fall down while moving on a smooth surface.

(i) The force of friction between the tip of a pen and the surface of paper helps us to write on the
paper. It is not possible to write on the glazed paper as there is not force of friction.

(i) The force of friction between the tyres of a vehicle and the road helps the vehicle to stop when
brake is applied. In the absence of friction, the vehicle skid off the road when brake is applied.

(iv) moving belts remain on the rim of a wheel because of friction.

(v) The force of friction between a chalk and the black board helps us to write on the board.
Thus, we observe that inspect of various disadvantages of the friction, it is very difficult to part
with it. So, friction is a necessary evil.

4
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METHODS OF REDUCING FRICTION

(M)

(1)

(i)

As friction causes the wastage of energy so it becomes necessary to reduce the friction. Friction
can be reduced by the following methods.

Polishing the surface. We know, friction between rough surface is much more than between the
polished surfaces. So we polish the surface to reduce the friction. The irregularities on the surface
are filled with polish and hence the friction decreases.

Lubrication. To reduce friction, lubricants like oil or greese are used. When the oil or greese is put
in between the two surfaces, the irregularities remain apart and do not interlock tightly. Thus, the
surface can move over each other with less friction between them.

By providing the streamlined shape. When a body (e.g. bus, train, aeroplane etc.) moves with high
speed, air resistance (friction) opposes its motion. The effect of air resistance on the motion of the
objects (stated above) is decreased by providing them a streamlined shape.
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ALLEN Newton's laws of Motion & Friction
EXERCISE (S-1)

1. A force F applied to an object of mass m,  produces an acceleration of 3.00 m/s>. The same force
applied to a second object of mass m, produces an acceleration of 1.00 m/s’.
(i) What is the value of the ratio m /m, ?
(i1) If m, and m, are combined, find their acceleration under the action of the force F.
NL0001
2.  Inthe system shown, the blocks A, B and C are of weight 4W, W and W respectively. The system set
free. The tension in the string connecting the blocks B and C is

NL0002
3.  Two blocks of masses 2.0 kg and 3.0 kg are connected by light inextensible string. The string passes
over an ideal pulley pivoted to a fixed axel on a smooth incline plane as shown in the figure. When

the blocks are released, find magnitude of their accelerations.

NL0003

4.  In the system shown, pulley and strings are ideal. The vertically upward pull F is being increased

gradually, find magnitude of F and acceleration of the 5 kg block at the moment the 10 kg block
leaves the floor.

NL0004
4
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S.

8.

Force F is applied on upper pulley. If F' =307 N where ¢ is time in second. Find the time when m
loses contact with floor.

NLO0005
A 40 kg boy climbs a rope that passes over an ideal pulley. The other end of the rope is attached to a
60 kg weight placed on the ground. What is the maximum upward acceleration the boy can have
without lifting the weight? If he climbs the rope with upward acceleration 2 g, with what acceleration
the weight will rise up?

NL0006
A 1kg block B rests as shown on a bracket A of same mass. Constant forces /', = 20N and F, = 8N
start to act at time t = 0 when the distance of block B from pulley is 50cm. Time when block B reaches
the pulley is

50 cm
—

NL0007
In the figure shown, all surfaces are smooth and block A and wedge B have mass 10 kg and 20 kg
respectively. Find normal reaction between block A & B, spring force and normal reaction of ground

on block B. (g= 10 m/s?).

NLO0008
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9.

10.

11.

12.

13.

Find the reading of the massless spring balance in the given condition

D i Y ¢

2kg 3kg

NLO0009

The system shown adjacent is in equilibrium. Find the acceleration of the
blocks A, B & C all of equal masses m at the instant when

(Assume springs to be ideal)
(1) The spring between ceiling & A is cut.
(i1) The string (inextensible) between A & B is cut.

(ii1) The spring between B & C'is cut.

Also find the tension in the string when the system is at rest and in the above 3 cases.
NL0010
A block of mass m lies on wedge of mass M as shown in figure.

M
0

With what minimum acceleration must the wedge be moved towards right horizontally so that block
m falls freely.

NLO0011
The block A is moving downward with constant velocity v,. Find the velocity of the block B, when
the string makes an angle 0 with the horizontal

NLO0012
Find force in newton which mass A exerts on mass B if B is moving towards right with 3 m/s?. Also
find mass of A. (All surfaces are smooth)

NLO0013

Newton's laws of Motion & Friction
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14. Rod A can slide in vertical direction pushing the triangular wedge B towards right. The wedge is
moving toward right with uniform acceleration a,. Find acceleration of the rod A.

AA
NL0014

15.  Calculate the relative acceleration of A w.r.t. B if B is moving with acceleration a, towards right.

aO
—>

A % B
NLO0015

16. A block is placed on a rough horizontal plane. Three horizontal forces are applied on the block as

shown in the figure. If the block is in equilibrium, find the friction force acting on the block.

400N 72

300N

200N
53

~

NLO0O16
17. A force of 100 N is applied on a block of mass 3 kg as shown in figure. The coefficient of friction

between the wall and the surface of the block is 1/4. Calculate frictional force acting on the block.

F=100N

JLILHRNENRNRRRNRRNR RN NNY

NLO0017
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18. Two trolley A and B are moving with accelerations a and 2a respectively in the same direction. To an
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19.

20.

21.

22,

23.

observer in trolley A, the magnitude of pseudo force acting on a block of mass m on the trolley B is

Aﬁ_a,Bm@)

NL0018
A thin rod of length 1 m is fixed in a vertical position inside a train, which is moving horizontally with
constant acceleration 4 m/s’. A bead can slide on the rod, and friction coefficient between them is
1/2. If the bead is released from rest at the top of the rod, find the time when it will reach at the
bottom.[g =10 m/s?]

NL0019
A block of mass 1 kg is horizontally thrown with a velocity of 10 m/s on a stationary long plank of
mass 2 kg whose surface has p = 0.5. Plank rests on frictionless surface. Find the time when block
comes to rest w.r.t. plank.

NL0020
A block of mass m lies on wedge of mass M as shown in figure. Find the minimum friction coefficient

required between wedge M and ground so that it does not move while block m slips down on it.

M
%
NL0021

A block of mass 15 kg is resting on a rough inclined plane as shown in figure.The block is tied up by

a horizontal string which has a tension of 50 N. Calculate the minimum coefficient of friction between

7//_) 45°

In the figure, what should be mass m so that block A slides up with a constant velocity?

the block and inclined plane.

NL0022

NL0023

4
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24. Find the acceleration of the blocks and magnitude & direction of frictional force between block A and
table, if block A is pulled towards left with a force of 50 N.

L.
A
F=50N ———m
] SKgl
p=0.8
g=10m/s?

B

NL0024
25. Block M slides down on frictionless incline as shown. Find the minimum friction coefficient so that m
does not slide with respect to M.

4

37°

NL0025
26. Coefficient of friction between 5 kg and 10 kg block is 0.5. If friction between them is 20 N. What is
the value of force being applied on 5 kg. The floor is frictionless.

Skg | L

10kg

NL0026
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EXERCISE (S-2)

A ladder is hanging from ceiling as shown in figure. Three men A, B and C of masses 40 kg, 60 kg,
and 50 kg are climbing the ladder. Man A is going up with retardation 2 m/s?, C is going up with an
acceleration of 1 m/s? and man B is going up with a constant speed of 0.5 m/s. Find the tension in the
string supporting the ladder. [g =9.8 m/s?]

a

oy]

NL0027
A box of mass m is placed on a smooth horizontal platform as shown in the figure. The platform is
made to move in direction 30° above the horizontal with acceleration a so that the contact force
between the box and the platform becomes 3mg/2. Find the magnitude of the acceleration.

m 30°

NL0028
Two men of masses m, and m, hold on the opposite ends of a rope passing over a frictionless pulley.
The man m, climbs up the rope with an acceleration of 1.2 m/s’ relative to the rope. The mann m,
climbs up the rope with an acceleration of 2 m/s? relative to the rope. Find the tension in the rope if
m, =40 kg and m, = 60 kg. Also find the time after which they will be at same horizontal level if they
start from rest and are initially separated by 5 m.

Sm[ m2

mf

NL0029
4
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4.

The system shown in the figure is initially in equilibrium. A is of mass 2m and B,C, D and E are of
mass m. Certain actions are performed on the system. Every action has been taken individually when
the system is intact. Find the direction and magnitude of acceleration of the blocks after each action of
the following actions has been taken

(1) Spring 1 is cut (1) Spring 2 is cut
(1i1) String between C and D is cut. (iv) String between B and C is cut.

NLO0030
The blocks are of mass 2 kg shown is in equilibrium. At 7= 0 right spring in figure (i) and right string
in figure (i1) breaks. Find the ratio of instantaneous acceleration of blocks?

370 37" N Y/

2kg 2kg

NL0031
A 2 kg block A is attached to one end of a light string that passes over an an ideal pulley and a 1 kg
sleeve B slides down the other part of the string with an acceleration of 5 m/s? with respect to the
string. Find the acceleration of the block, acceleration of sleeve and tension in the string. [g =10 m/s?]

NL0032
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7. The coefficient of static and kinetic friction between the two blocks and also between the lower block
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and the ground are u= 0.6 and p, = 0.4. Find the value of tension T applied on the lower block at
which the upper block begins to slip relative to lower block.

(1=0.6,
M=2kg |u=0.4)
M=2kg T,
ATHITRTRTRRRTRRR TR AR

NLO0033
In the figure masses m;, m, and M are 20 kg, 5 kg and 50 kg respectively. The co-efficient of friction
between M and ground is zero. The co-efficient of friction between m, and M and that between m,
and ground is 0.3. The pulleys and the string are massless . The string is perfectly horizontal between
P, and m, and also between P, and m, . The string is perfectly vertical between P, and P,.An
external horizontal force F is applied to the mass M. Take g = 10 m/s.

m,
IR RNRRURRRRRRRRRRRRRRRRE

(1) Draw a free-body diagram for mass M, clearly showing all the forces.

(ii) Let the magnitude of the force of friction between m; and M be f, and that between m, and
ground be f,. For a particular F it is found that f, =2 f, . Find f, and f, . Write down equations of
motion of all the masses . Find F, tension in the string and accelerations of the masses.

NL0034

In the figure shown the acceleration of A is, a5 = (15i+157) m/s%. If A is sliding on B then the

acceleration of B is.

NLO0035
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EXERCISE (0O-1)

SINGLE CORRECT TYPE QUESTIONS

A ball of mass m kept at the corner as shown in the figure, is acted by a horizontal force F. The correct
free body diagram of ball is

N, N N, N
; ) | BN S,
(A) N, (B) N, (C) s e— N, (D)
|
mg mg mg

NLO0036
A small electrically charged sphere is suspended vertically from a thread. An oppositely charged rod
is brought close to the sphere such that the sphere is in equilibrium displaced from the vertical by an
angle of 30°. Which one of the following best represents the free body diagram for the sphere?

(A) ‘ (B) | ©) ‘ (D)

NLO0037
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Under what condition(s) will an object be in equilibrium ?
(A) Only if it is at rest
(B) Only if it is moving with constant velocity
(C) Only if it is moving with constant acceleration
(D) Ifit is either at rest or moving with constant velocity
NLO0038
Four blocks of same mass connected by cords are pulled by force F on a smooth horizontal surface,
as in figure. The tension T, T, and T, will be

ﬁ_w LAy RNy m
(A) T, =F/4,T,=3F2,T,=F/4 (B)T,=F/4, T,=F12, T,=F/2
(C)T, =3F/4,T,=F2,T,=F/A4 (D) T, =3F/4,T,=F/2, T,=F/2

NL0039
In a given figure system is in equilibrium. If W =300 N. Then W, is approximately equal to

W,
(A) 500 N (B) 400 N (C)670 N (D) 300N

NL0040
Two balls A and B weighing 7 N and 9 N are connected by a light cord. The system is suspended
from a fixed support by connecting the ball A with another light cord. The ball B is pulled aside by a
horizontal force 12 N and equilibrium is established. Angles o and 3 respectively are

(A) 30° and 60° (B) 60° and 30° (C)37° and 53° (D) 53°and 37°

NL0041
A girl pushes her physics book up against the horizontal ceiling of her room as shown in the figure.
The book weighs 20 N and she pushes upwards with a force of 25 N. The choices below list the
magnitudes of the contact force F_, between the ceiling and the book, and F,, between the book and
her hand. Select the correct pair.

| Physics Book |

Girl's push
(A)F,=20Nand F,,=25N (B)F.,=25NandF, =45N
(C)F.,=5NandF, =25N (D) Fpy =5 Nand Fy, =45 N
NL0042
L4
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8.

10.

11.

Two astronauts A and B connected with a rope stay stationary in free space relative to their spaceship.
Mass of A is more than that of B and the rope is straight. Astronaut A starts pulling the rope but
astronaut B does not. If you were the third astronaut in the spaceship, what do you observe?
(A) Astronaut B accelerates towards A and A remains stationery.
(B) Both accelerate towards each other with equal accelerations of equal modulus.
(C) Both accelerate towards each other but acceleration of B is greater than that of A.
(D) Both accelerate towards each other but acceleration of B is smaller than that of A.

NL0043
Three boxes are placed in a lift. When acceleration of the lift is 4 m/s?, the net force on the 8 kg box
is closest to

S5kg

2 kg

8 kg

(A) 80N (B)48 N (C)40N (D)32N
NL0044
A man is standing on a weighing machine with a block in his hand. The machine records w. When he
takes the block upwards with some acceleration the machine records w,. When he takes the block
down with some acceleration, the machine records w,.Then choose correct option
(A)w, =w=w, B)w, <w<w, O w, <w<w, D) w, =w, >w
NL0045
A block is being pulled by a force F on a long frictionless level floor. Magnitude of the force is
gradually increases from zero until the block lifts off the floor. Immediately before the block leaves
the floor, its acceleration is

(A) gcosH (B) geotB (C) gsinB (D) g tan®
NL0046
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12.

13.

14.

15.

A block B is tied to one end of a uniform rope R as shown. The mass of block is 2 kg and that of rope
is 1 kg. A force F = 15 N is applied at angle 37° with vertical. The tension at the mid-point of rope is

(A)1.5N (B)2N (C) 3N (D) 4.5N
NL0047

The pulleys and strings shown in the figure are smooth and of negligible mass. For the system to
remain in equilibrium, the angle 6 should be [JEE (Scr) 2001]

A\ MV
A B

(A)0° (B)30° (C)45° (D) 60°

NL0048
A block resting on a smooth inclined plane is acted upon by a force F as shown. If mass of block is
2 kg and F =20 N and sin 37°= 3/5, the acceleration of block is

F

(A) 2 m/s? (B) 6 m/s? (C) 8 m/s? (D) zero
NL0049
In the arrangement shown, the blocks of unequal masses are held at rest. When released, acceleration

of the blocks is
m;
Frictionless I §

(A) g/2. B)¢g.
(C) a value between zero and g. (D) a value that could be greater than g.

NLO0050
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17.

18.

19.

A monkey weighing 10 kg is climbing up a light rope and frictionless pulley attached
to 15 kg mass at other end as in figure. In order to raise the 15 kg mass off the
ground the monkey must climb-up

(A) with constant acceleration g/3.

(B) with an acceleration greater than g/2.

(C) with an acceleration greater than g/4.

(D) It is not possible because weight of monkey is lesser than the block.

NL0051
A heavy cart is pulled by a constant force F along a horizontal track with the help of a rope that passes
over a fixed pulley, as shown in the figure. Assume the tension in the rope and the frictional forces on
the cart remain constant and consider motion of the cart until it reaches vertically below the pulley.
As the cart moves to the right, its acceleration

(A) decreases. (B) increases. (C) remains constant. (D) is zero

NL0052
In arrangement shown the block A of mass 15 kg is supported in equilibrium by the block B. Mass of

the block B is closest to

(A)2 kg (B)3 kg (C)4kg (D)5 kg

NL0053
In the given figure, find mass of the block A, if it remains at rest, when the system is released from
rest. Pulleys and strings are massless. [ g = 10 m/s?]

(A)m (B) 2m (C)2.5m (D)3m
NLO0054
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20. In the arrangement shown, the 2 kg block is held to keep the system at rest. The string and pulley are
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21.

22,

23.

ideal. When the 2 kg block is set free, by what amount the tension in the string changes? [ g =10 m/s?]

2kg

30°

(A) Increase of 12N (B) Decrease of 12 N (C) Increase of I8 N (D) Decrease of 18 N

NLO0055
A string of negligible mass going over a clamped pulley of mass m supports a block of mass M as
shown in the figure. The force on the pulley by the clamp is given [JEE (Scr) 2001]

\

AV

AN

(A) V2 Mg (B) V2 mg © JM+my+m* g D) JM+my+M* g
NL0056

In a given figure two masses m & m, (m,>m ) are at rest in equilibrium position. Find the tension in
string AB

(A)ymg (B) m,g (C) (m +m,))g (D) (m,—m,)g

NL0057
Same spring is attached with 2 kg, 3 kg and 1 kg blocks in three different cases as shown. If x , x, and
x, be the extensions in the spring in these three cases, when acceleration of both the blocks have same

magnitude, then

X1 X9 X3
2 kg 2 kg 3 kg 2 kg 1kg 2 kg

(A) x,>x,>x, (B) x,>x, > x, C)x,>x, > x, (D) x, > x,> x,
NLO005S8

4
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24.

25.

26.

27.

Find the acceleration of 3 kg mass when acceleration of 2 kg mass is 2 ms2 as shown in figure.

3kg pawwny| 2kg —=10N

2ms”—
(A)3ms™ (B) 2 ms™ (C) 0.5 ms™ (D) zero
NLO0059
A small ball of mass M is held in equilibrium with two identical springs as shown in the figure . Force
constant of each spring is k and relaxed length of each spring is //2. What is distance between the ball
and roof?

o L, Mg oL Mg o Ly Mg o Lo Mg
()2k ()2k ()2 2k ()2 2k

NL0060
An elastic spring of relaxed length 7 and force constant k is cut into two parts of lengths 7, and /..
The force constants of these parts are respectively

kl, kl, kl, kl,
(A) 7 and Z (B) Z and Z
kl, kl, kl, kl,
©) Z and 7 (D) Z and Z
NL0061
Block A is moving away from the wall at a speed v and acceleration a.
A
B
(A) Velocity of B is v with respect to A.
(B) Acceleration of B is a with respect to A.
(C) Acceleration of B is 4a with respect to A.
(D) Acceleration of B is V17a with respect to A.
NL0062
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28. Inthe setup shown, find acceleration of the block C.
2 m/s?
«—| A 7
I
1 m/sZT B
C
(A)3m/s2 T (B) 3 m/s* ¥ (C) 5m/s* T (D) 5 m/s*
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NL0063

29. Ablock of mass 2 kg is kept on a rough horizontal floor and pulled with a force F. If the coefficient
of friction is 0.5. then the minimum force required to move the block is :-
F
370 ..
2kg
(A) 10N (B) %N © %N (D)20N
NL0064
30. In the figure shown a ring of mass M and a block of mass m _
are in equilibrium. The string is light and pulley P does not |
offer any friction and coefficient of friction between pole and T e
M is . The frictional force offered by the pole on M is
(A) Mg directed up
(B) umg directed up S n
(C) (M —m)g directed down
(D) umg directed down
NL0065
31. Aforce F=i+ 4} acts on block shown. The force of friction acting on the block is :
Y]—) P F
X 1 Kg
p=03
(A) —i (B) -1.8 (C) —2.4i (D) -3i
NL0066
L4
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32. Block B of mass 100 kg rests on a rough surface of friction coefficient p = 1/3. A rope is tied to block
B as shown in figure. The maximum acceleration with which boy A of 25 kg can climbs on rope
without making block move is :

100kg
V7
B A
w=1/3 25kg
48 8 8 38
(A) 5 (B) 5 ©) (D)7,

NL0067
33. Ablock of mass 3 kg is at rest on a rough inclined plane as shown in the figure. The magnitude of net
force exerted by the surface on the block will be (g =10 m/s?)

\ N\

(A)26 N (B) 19.5N (C) 10N (D)30N
NL0068
34. A block of mass m =2 kg is resting on a rough inclined plane of inclination 30° as shown in figure.
The coefficient of friction between the block and the plane is p = 0.5. What minimum force F should
be applied perpendicular to the plane on the block, so that block does not slip on the plane (g=10m/s?)

F

(A) zero (B)6.24 N (C)2.68N (D)4.34N
NL0069

35. In the figure shown if friction coefficient of block 1kg and 2kg with inclined plane is u =0.5 and

u, = 0.4 respectively, then

(A) both block will move together. @@

(B) both block will move separately.

(C) there is a non zero contact force between two blocks. <8\

(D) none of these

NLO0070
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36. A block is pushed with some velocity up a rough inclined plane. It stops after ascending few meters
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37.

38.

39.

and then reverses its direction and returns back to point from where it started. If angle of inclination is
37° and the time to climb up is half of the time to return back then coefficient of friction is

A2 Bz Cl Dé
() 5 (B) - © 1 (D)

NL0071
The system is pushed by a force F as shown in figure. All surfaces are smooth except between B and
C. Friction coefficient between B and C is p. Minimum value of F to prevent block B from downward

slipping is :-
A B _C
L» 2m < 2m
(3) (5) 5 3
Wi e e o)

NLO0072
MULTIPLE CORRECT TYPE QUESTIONS
Refer the system shown in the figure. Block is sliding down the wedge. All surfaces are frictionless.
Find correct statement(s)

string

(A) Acceleration of block is gsin0 (B) Acceleration block is gcos0

(C) Tension in the string is mgcos’0 (D) Tension in the string is mgsinB.cosO
NL0073

Ablock of mass 1 kg is held at rest against a rough vertical surface by pushing by a force F horizontally.

The coefficient of friction is 0.5. When

(A) F=40 N, friction on the block is 20 N.

(B) F=30 N, friction on the block is 10 N. £,

(C) F=20 N, friction on the block is 10 N.

(D) Minimum value of force F to keep block at rest is 20 N.

NLO0074
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40.

41.

42.

43.

A block is kept on a rough horizontal surface as shown. Its mass is 2 kg and coefficient of friction

between block and surface (i) = 0.5. A horizontal force F is acting on the block. When

(A) F=4 N, acceleration is zero.
(B) F=4 N, friction is 10 N and acceleration is 3 m/s.

(C) F=14 N, acceleration is 2 m/s%.
(D) F=14 N, friction is 14 N.

F—

NLO0075
The mass in the figure can slide on a frictionless surface. When the mass is pulled out, spring 1 is
stretched a distance x, and spring 2 is stretched a distance x,. The spring constants are k, and k,
respectively. Magnitude of spring force pulling back on the mass is

kyq ks

(A) kx, B) kx, ©) (kx, +kx) (D) 0.5 (k, + k) (x, +x))
NL0076
A carpenter of mass 50 kg is standing on a weighing machine placed in a lift of
mass 20 kg. A light string is attached to the lift. The string passes over a smooth
pulley and the other end is held by the carpenter as shown. When carpenter keeps
the lift moving upward with constant velocity :- (g = 10 m/s?)
(A) the reading of weighing machine is 15 kg
(B) the man applies a force of 350 N on the string
(C) net force on the man is 150 N
(D) Net force on the weighing machine is 150 N
NL0077
In the system shown in the figure m > m,. System is held at rest by thread
BC. Just after the thread BC is burnt :

(A) initial acceleration of m, will be upwards

ml—m

(B) magnitude of initial acceleration of both blocks will be equal to(
m, +m,
(C) initial acceleration of m, will be equal to zero
(D) magnitude of initial acceleration of two blocks will be non-zero and unequal.
NLO0078
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44.

45.

46.

47.

COMPREHENSION TYPE QUESTIONS
Paragraph for Question No. 44 to 47
A uniform rope of mass (m) and length (L) placed on frictionless horizontal ground is being pulled by
two forces F, and F at its ends as shown in the figure. As a result, the rope accelerates toward the
right.

AT s

\i

Acceleration (A) of the rope is

F,+F F, - -
A B a= A B C a= A B D a= B A
(A) 7ero (B) a=—— (€) a=—— (D) a=——
NLO0079
Tension (T) at the mid point of the rope is
(A) T=F,-F, (B) T=F, +F, (C)T=%(F,-F,) (D)T=%(F,+F,)
NLO0079
Expression (T ) of tension at a point at distance x from the end A is
F,-F F,-F
(A)Tx=[ : A)x+FA (B) TX=( : A]x—FA
L L
F,—F F,—F
on-(55) e or1o(B5)u
L L
NL0079

Which of the following graph best represents variation in tension at a point on the rope with distance
x of the point from the end A?

T T
(A) (B)
L ; L ;
T A T A
© i D) /
L x L x
NLO0079
L 2
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Paragraph for Question No. 48 to 50

The figure shown blocks A and B are of mass 2 kg and 8 kg and they are connected through strings

to a spring connected to ground. The blocks are in equilibrium. (g = 10m/s?)

200 N/m

fixed

48. The elongation of the spring is
(A) 1 cm (B) 10 cm

(©)0.1cm

NLO0080

49. Now the block A is pulled downwards by a force gradually increasing to 20 N. The new elongation

of spring is :-
(A)2 cm (B)4 cm

50. Now the force on A is suddenly removed. The acceleration of block B becomes :-
(C) 3.0 m/s?

(A) 1.0 m/s (B) 2.0 m/s?

Paragraph for Question No. 51 to 53

(C)20 cm

(D)40 cm

(D) 4.0 m/s?

NLO0080

NL0080

The blocks are on frictionless inclined ramp and connected by a massless cord. The cord passes over

an ideal pulley. [ g =10 m/s?]

51. When set free, the 10 kg block slides down the ramp with acceleration of 2 m/s*. Mass M is closest to

(A) 13 kg (B) 8 kg

(C) S ke

NL0081

52. When the 10 kg block slides down the ramp with acceleration of 2 m/s?, tension in the cord is closest

to :-
(A) 80N (B) 60 N

(C)40 N

NL0081
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53. What value of M would keep the system at rest.
(A) 10 kg (B) 8 kg (C)7.5kg (D) 6 kg
NLO0081
MATRIX MATCH TYPE QUESTION
54. Inthe diagram shown in figure (g =10 m/s?)
Column I Column II
(A) Acceleration of 2 kg block in m/s? P) 8
(B) Net force on 3 kg block in newton Q) 25
(C) Normal reaction between 2 kg and 1 kg in newton R) 2
(D) Normal reaction between 3 kg and 2 kg in newton (S)y 45
(T) None
NL0082
L4
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Match the situations in column I to the accelerations of blocks in the column II (acceleration due to

5S.

56.

ALLEN .

gravity is g and F is an additional force applied to one of the blocks ?

Column I

(A) ®)
F=mg
2m m Q
F=mg
©) R)
m 3m

(D) 2m %2m (S)

(T)

(B)

Column I1

W oo

W |0

N oo

Z€1ro

NL0083

A sphere of mass 10 kg is placed in equilibrium in a V shaped groove plane made of two smooth

surfaces 1 and 2 as shown in figure. (g =10 ms?)

Column I
(A) Normal reaction by Surface 1 (P)
(B) Normal reaction by surface 2 (Q)
(C) Force on sphere by Earth (R)
(D) Net force on sphere (S)

(T)

Column I1
Zero

60 N

80N

100 N

120 N

NL0084
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. ALLEN Newton's laws of Motion & Friction

EXERCISE (0-2)

SINGLE CORRECT TYPE QUESTIONS
1.  Two monkeys of masses 10 kg and 8 kg are moving along a vertical light rope, the former climbing
up with an acceleration of 2 m/s?, while the latter coming down with a uniform velocity of 2 m/s. Find
tension in the rope at the fixed support.

Y7777777717771777774

(A) 180N (B) 200 N (C) 80N (D) 216 N
NLO0085
2.  Atrolley is being pulled up an incline plane by a man sitting on
it (as shown in figure). He applies a force of 250 N. If the
combined mass of the man and trolley is 100 kg, the acceleration
of the trolley will be [sin15°=0.26]

(A) 2.4 m/s? (B) 9.4 m/s?

(C) 6.9 m/s? (D) 4.9 m/s?
NL0086

3.  Ifthe string & all the pulleys are ideal, acceleration of mass m is :-
0
n

(A) % B)0 ©Og (D) dependent on m

NLO0087
L 4
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4.

The rear side of a truck is open and a box of mass 20 kg is placed on the truck 4 m away from the open
end, n=0.15 and g = 10 m/s%. The truck starts from rest with an acceleration of 2m/s? on a straight
road. The distance moved by the truck when box starts fall down is :-
(A)4m (B)8m (C)16m (D)32m

NLO0088
In the arrangement shown in the figure, mass of the block B and A is 2m and m respectively. Surface
between B and floor is smooth. The block B is connected to the block C by means of a string-pulley
system. If the whole system is released, then find the minimum value of mass of block C so that A
remains stationary w.r.t. B. Coefficient of friction between A and B is .

A

m 2m+l Sm om_
(A) 7, ® 0 ©) - D)7

NL0089
A block A is placed over a long rough plank B of same mass as shown in figure. The plank is placed
over a smooth horizontal surface. At time t =0, block A is given a velocity v, in horizontal direction. Let
v, and v, be the velocities of A and B at time 7. Then choose the correct graph between v, or v, and 7.

(A) (B)

v,

NL0090
A block A of mass m is placed over a plank B of mass 2 m. Plank B is placed over a smooth horizontal
surface. The coefficient of friction between A and B is 0.5. Block A is given a velocity v towards
right. Acceleration of B relative to A is :-

A >V,
B

N
smooth

3
a3 B)s © (D) zero

NL0091
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8. A manofmass 50 kg is pulling on a plank of mass 100 kg kept on a smooth floor as shown with force
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10.

11.

of 100 N. If both man & plank move together, find force of friction acting on man.

50 kg
p=1/6
|J:0/////////////////////////
100 100 ,
(A) 3 N towards left (B) 3 N towards right
250 250 .
© 3 N towards left (D) KN N towards right

NL0092
In the arrangement shown in figure, coefficient of friction between the two blocks is u=1/2. The
force of friction acting between the two blocks is :-

2kg F=2N
F,=20N 4kg
(A)8N (B) ION (C)6N (D)4 N

NL0093
A flexible chain of weight W hangs between two fixed points A & B which are at the same horizontal
level. The inclination of the chain with the horizontal at both the points of support is 6. What is the
tension of the chain at the mid point?

w /4 w
(A) ~ - cosec 0 (B) 5 tan © () 7c0t 0 (D) none

NL0094
In the arrangement shown in figure m, = 1kg, m, = 2kg. Pulleys are massless and strings are light.
For what value of M the mass m, moves with constant velocity ( Neglect friction)

(A) 6 kg (B)4kg (D) 10 kg

NLO0095
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12.

13.

14.

15.

MULTIPLE CORRECT TYPE QUESTIONS
Consider a block suspended from a light string as shown in the figure.
Which of the following pairs of forces constitute Newton’s third law pair?

[m]

(A) Force with which string pulls on the ceiling and the force with which string pulls on block
(B) Force with which string pulls on the block and weight of the block
(C) Force acting on block due to the earth and force the block exerts on the earth

(D) Force with which block pulls on string and force with which the string pulls on the block
NL0096

If a horizontal support exerts an upward force of 10 N on a block of weight 9.8 N placed on it, which
of the following statements is/are correct. Assume acceleration due to gravity to be 9.8 m/s.

(A) The block exerts a force of 10 N on the support.
(B) The block exerts a force of 9.8 N on the support.
(C) The block has an upward acceleration.
(D) The block has a downward acceleration.
NL0097

Ablock of mass m is suspended from a fixed support with the help of a cord. Another identical cord
is attached to the bottom of the block. Which of the following statement is /are true?

(A) If the lower cord is pulled suddenly, only the upper cord will break.
(B) If the lower cord is pulled suddenly, only the lower cord will break. W
(C) If pull on the lower cord is increased gradually, only the lower cord will break.
(D) If pull on the lower cord is increased gradually, only the upper cord will break.
NL0098

Ablock A and wedge B connected through a string as shown. The wedge B is moving away from the
wall with acceleration 2 m/s? horizontally and acceleration of block A is vertical upwards. Then

(A) Acceleration of A with respect to B is 4 m/s?.
(B) Acceleration of A with respect to B is 2V3 m/s2.
(C) Angle 06 is 60°.
(D) Acceleration of A is 2V3 m/s2.
NL0099
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16. Two blocks A and B of mass 2 kg and 4 kg respectively are placed on a smooth inclined plane and
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17.

18.

19.

2 kg block is pushed by a force F acting parallel to the plane as shown. If N be the magnitude of
contact force applied on B by A, which of the following is/are correct?

(A)If F=0ON,N=10N (B) if F=15 N, N=10N
(O)If F=30N,N=20N (D) if F=45 N, N=30 N

NL0100
A block is kept on a rough surface and applied with a horizontal force as shown which is gradually
increasing from zero. The coefficient of static and kinetic friction are 1/33 then

_»F

(A) When F is less than the limiting friction, angle made by net force on the block by the surface is
less than 30° with vertical.
(B) When the block is just about to move, the angle made by net force by the surface on the block
becomes equal to 30° with vertical.
(C) When the block starts to accelerate, the angle made by net force by the surface on the block
becomes constant and equal to 30° vertical.
(D) The angle made by net force with vertical on the block by the surface, depends on the mass of the
block.
NLO0101
A block placed on a rough horizontal surface is pushed with a force F
acting horizontally on the block. The magnitude of F is increased and
acceleration produced is plotted in the graph shown.
(A) Mass of the block is 2 kg.
(B) Coefficient of friction between block and surface is 0.5. ;
(C) Limiting friction between block and surface is 10 N. 70 2'0 3:0 » F(N)
(D) When F =8 N, friction between block and surface is 10 N.

NL0102
A block is placed over a plank. The coefficient of friction between the block and the plank is
u=0.2 . Initially both are at rest, suddenly the plank starts moving with acceleration a,= 4 m/s*. The
displacement of the block in 1s is (g=10 m/s?)
(A) 1 mrelative to ground (B) 1 m relative to plank

(C) zero relative to plank (D) 2 m relative to ground
NL0103




T Py

20. Ablockisreleased from rest from a point on a rough inclined place of inclination 37°. The coefficient

21.

22,

23.

24.

ALLEN .

of friction is 0.5.
(A) The time taken to slide down 9 m on the plane is 3 s.
(B) The velocity of block after moving 4 m is 4 m/s.
(C) The block travels equal distances in equal intervals of time.
(D) The velocity of block increases linearly.
NL0104
In the given figure both the blocks have equal mass. When the thread is
cut, which of the following statements give correct description immediately
after the thread is cut?
(A) Relative to the block A, acceleration of block B is 2g upwards.
(B) Relative to the block B, acceleration of block A is 2g downwards.
(C) Relative to the ground, accelerations of the blocks A and B are both g
downwards.
(D) Relative to the ground, accelerations of the blocks A and B are 2g downwards
and zero respectively.

COMPREHENSION TYPE QUESTIONS
Paragraph for Question No. 22 to 24

NLO0105

A block of mass m is placed on a smooth horizontal floor is attached to one end of spring. The other
end of the spring is attached to fixed support. When spring is vertical it is relaxed. Now the block is
pulled towards right by a force F, which is being increased gradually. When the spring makes angle

53° with the vertical, block leaves the floor.

When blocks leaves the table, the normal force on it from table is

(A) mg (B) zero © 22 () 225
Force constant of the spring is :-

(A) 5;1—5 (B) % ©) Sgn—gg (D) qu—lfg
When the block leaves the table, the force F is :-

(A) 3ng (B) 4% ©) 3ng D) 4%

NLO0106

NL0106

NLO0106
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25.

26.

27.

28.

29.

30.

Paragraph for Question No. 25 to 29

10kg —>F

],l:O.l €C—=mm——

When F = 2N, the frictional force between 5 kg block and ground is

(A) 2N B)o (C)8N (D) 10N

NL0107
When F = 2N, the frictional force between 10 kg block and 5 kg block is
(A) 2N (B) I5N (C) 10N (D) None

NLO0107
The maximum F which will not cause motion of any of the blocks is
(A) 10N (B) ISN (C) datainsufficient (D) None

NL0107
The maximum acceleration of 5 kg block is :-
(A) 1 m/s? (B) 3 m/s? (C)o (D) None

NLO0107
The acceleration of 10 kg block when F =30 N is
(A) 2 m/s? (B) 3 m/s? (C) 1 m/s? (D) None

NL0107

MATRIX MATCH TYPE QUESTION
In the figure shown, acceleration of 1 is x (upwards). Acceleration of pulley P, w.r.t. pulley P, is y
(downwards) and acceleration of 4 w.r.t. to pulley P, is z (upwards). Then

Column I Column II
(A) Absolute acceleration of 2 (P) (y—x) downwards
(B) Absolute acceleration of 3 (Q) (z—x—y)upwards
(C) Absolute acceleration of 4 (R) (xt+ytz) downwards
(S) None
NLO0108
L4
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31.  Velocity of three particles A, B and C varies with time tas, v, = (21i +6) ms; V, = (3i +4])m/s

and v, = (62 - 4t} )m/s. Regarding the pseudo force match the following table

Column I
(A) OnAasobserved by B
(B) OnB asobserved by C
(C) OnAasobserved by C
(D) OnC asobserved by A

(P)
Q)
(R)
(S
(M)

Column II

Along positive x—direction
Along negative x—direction
Along positive y—direction
Along negative y—direction

Zero
NLO0109
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EXERCISE (JM)

Two fixed frictionless inclined planes making an angle 30° and 60° with the vertical are shown in the
figure. Two blocks A and B are placed on the two planes. What is the relative vertical acceleration of
A with respectto B ? [AIEEE - 2010]

9

60° 30°
(1) 4.9 ms2 in vertical direction. (2) 4.9 ms2 in horizontal direction
(3) 9.8 ms2in vertical direction (4) Zero

NLO0110
The minimum force required to start pushing a body up a rough (frictional coefficient p) inclined
plane is F; while the minimum force needed to prevent it from sliding down is F,. If the inclined plane

makes an angle 0 from the horizontal such that tan® = 2 then the ratio F—l is:- [AIEEE - 2011]
2

(1) 4 @1 (3)2 43
NLO111

3
A block of mass m s placed on a surface with a vertical cross section given by y= % . If the coeftficient

of friction is 0.5, the maximum height above the ground at which the block can be placed without
slipping is :- [JEE-Main-2014]

1 1 1 2
(1) gm (2) 3m (3)¢m (4) 3m
NLO0112
Given in the figure are two blocks A and B of weight 20 N and 100 N, respectively. These are being
pressed against a wall by a force F as shown. If the coefficient of friction between the blocks is 0.1

and between block B and the wall is 0.15, the frictional force applied by the wall on block B is :-
[JEE-Main-2015]

—[alB ]

(1) 120N (2) 150 N (3) 100 N (4) 80N
NLO0113
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S.

A rocket is fired vertically from the earth with an acceleration of 2g, where g is the gravitational
acceleration. On an inclined plane inside the rocket, making an angle 6 with the horizontal, a point
object of mass m is kept. The minimum coefficient of friction p,;, between the mass and the inclined
surface such that the mass does not move is: [JEE-Main Online-2016]
(1)2tan 0 (2)3tan 0 (3)tan 6 (4)tan 20

NLO0114
Two masses m; = 5kg and m, = 10kg, connected by an inextensible string over a frictionless pulley,
are moving as shown in the figure. The coefficient of friction of horizontal surface is 0.15. The
minimum weight m that should be put on top of m, to stop the motion is :- [JEE-Main-2018]

(1)27.3 kg (2)43.3 kg (3) 103 kg (4) 183 kg
NLO0115
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EXERCISE (JA)

A piece of wire is bent in the shape of a parabola y = kx? (y-axis vertical) with a bead of mass m on
it. The bead can slide on the wire without friction. It stays at the lowest point of the parabola when the
wire is at rest. The wire is now accelerated parallel to the x-axis with a constant acceleration a. The
distance of the new equilibrium position of the bead, where the bead can stay at rest with respect to

the wire, from the y-axis is [IIT-JEE-2009]
a a 2a a
(A) e B) 20k © g (D) 4
NLO0116

A block of mass m is on an inclined plane of angle 6. The coefficient of friction between the block
and the plane is p and tan >p. The block is held stationary by applying a force P parallel to the plane.
The direction of force pointing up the plane is taken to be positive. As P is varied from
P =mg (sinb — pcosO) to P =mg(sinO + p cos0), the frictional force f versus P graph will look like
[IIT-JEE-2010]

(D)

NLO0117
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A block is moving on an inclined plane making an angle 45° with the horizontal and the coefficient of fnctlon

is . The force required to just push it up the inclined plane is 3 times the force required to just prevent it
from sliding down. If we define N =10y, then N is [IIT-JEE-2011]

NLO0118
A block of mass m = 1 kg another mass m, = 2kg, are placed together (see figure) on an inclined
plane with angle of inclination 0. Various values of 0 are given in List I. The coefficient of friction
between the block m, and the plane is always zero. The coefficient of static and dynamic friction
between the block m, and the plane are equal to u = 0.3. In List II expressions for the friction on block
m, are given. Match the correct expression of the friction in List IT with the angles given in List I, and

choose the correct option. The acceleration due to gravity is denoted by g.
[useful information : tan (5.5°) = 0.1 ; tan(11.5°) = 0.2 ; tan (16.5°) = 0.3] [IIT-JEE-2014]

List-I List-IT
P) 06=5° (1) mgsin®
(Q 6=10° (2) (m,+m)gsin6
(R) 6=15° (3)  um,gcosO
(S) ©6=20° (4)  w(m, +m,)gcosO
Code :
(A)P-1,Q-1,R-1,S-3 (B) P-2.Q-2,R-2,S-3
(C)P-2,.Q-2,R-2,S-4 (D) P-2,Q-2,R-3,S-3

NLO0119
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ANSWERKEY

EXERCISE (S-1)

1. Ans. (i) 22 :% (i) a=3/4m/s*> 2.Ans. gW 3. Ans.%m/s2 4. Ans. 200 N, 10 m/s?
m,

5. Ans. 2 sec 6. Ans. 0.5g,¢ 7.Ans.0.5s 8. Ans. 80 N, 48 N, 264 N 9. Ans. 24 N

. 3gd N
10. Ans. (i) aAZTZa ; a.=0 ;5 T=mg2 ; (ii)a= 2gT, aB=2g~l«, a=0,T=0;

B

3
Qi) a,= a,= g2, a = g, T:% ;
11. Ans.a=gcot O 12. Ans. v /cos0 13. Ans. 5N, 16/31 kg~ 14. Ans. 3a, /4
a . o
15. Ans. —- 16. Ans. (1001’ —200; ) N 17. Ans. 20 N vertically downward

2

msin@cos O
18.Ans. (ma) 19.Ans. 1/2s 20.Ans.4/3s 21.Ans.p  =——F5——
™t mcos” 0+ M

22. Ans. 0.5 23. Ans. 1 kg 24. Ans. 10; 25.Ans. 3/4 26. Ans. 30N

ALLEN Newton's laws of Motion & Friction m

EXERCISE (S-2)

1. Ans. 1440 N 2. Ans. g m/s’ 3. Ans. 556.8 N, 1.47 s

2 2 2
4. Ans. (i) a, :gi«, ClB:—gT, a(,-:_g‘L, ao=_g‘l’a a,=0
3 3 3
. 8 8 8
(]])aA:O’aBZE*L,aCZET’aDZET,aE:gi/
(iii) a, =0,a, =g V,a. =g T,a,=2g ¥,a, =0

3 3
(iv) a, =0,a, =3g J«,ac :7g‘l”% :fi,a‘g =0

25

5. Ans. 1 6. Ans. 5 m/s> downwards, 0 m/s?, I0N 7. Ans. 40 N

N

T ““le\
T .
8. Ans. (i) T " (i)a=3/5m/s>, T=18 N, F=60N 9. Ans. -5 m/s>
T
Mg
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EXERCISE (O-1)
SINGLE CORRECT TYPE QUESTIONS

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

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

13. Ans.(C) 14. Ans.(A) 15. Ans. (C) 16. Ans.(B) 17. Ans.(A) 18. Ans. (B)
19. Ans. (D) 20. Ans.(B) 21. Ans. (D) 22. Ans. (D) 23. Ans. (B) 24. Ans. (B)
25.Ans. (C) 26. Ans.(A) 27. Ans. (D) 28.Ans. (A) 29. Ans. (B) 30. Ans.(A)
31. Ans.(A) 32. Ans.(B) 33. Ans.(D) 34. Ans. (C) 35. Ans.(B) 36. Ans.(A)
37. Ans.(B)

MULTIPLE CORRECT TYPE QUESTIONS
39. Ans.(B,C,D) 40. Ans.(A,C) 41. Ans.(A,B) 42. Ans.(A,B)
COMPREHENSION TYPE QUESTIONS
45. Ans. (D) 46. Ans.(A) 47. Ans. (D) 48. Ans.(B)
51. Ans. (D) 52. Ans. (C) 53. Ans. (C)
MATRIX MATCH TYPE QUESTION
54. Ans.(A) - (R); (B) - (T); (C) - (Q); (D) -(T)  55. Ans.(A) - (R); (B) - (T); (C) - (R); (D) - (P)
56. Ans.(A)-R; (B)-Q; (O)-S; (D)-P

38. Ans.(A,D) 43. Ans.(A,C)

44. Ans. (D)
50. Ans.(B)

49. Ans.(C)

EXERCISE (0-2)

SINGLE CORRECT TYPE QUESTIONS
2. Ans. (D) 3.Ans. (C) 4. Ans. (C) 5. Ans. (C)
8. Ans. (A) 9. Ans. (A) 10. Ans. (C) 11. Ans.(C)
MULTIPLE CORRECT TYPE QUESTIONS
12. Ans. (C,D) 13. Ans.(A,C) 14. Ans.(B,D) 15. Ans.(A,C,D) 16. Ans.(B,C,D)
17. Ans.(A,B,C,D) 18. Ans.(A,B,C) 19. Ans.(A,B) 20. Ans.(A,B,D)
21. Ans. (A,B,D)

1. Ans. (B)
7. Ans. (C)

6. Ans. (B)

COMPREHENSION TYPE QUESTIONS
23. Ans.(A) 24. Ans.(B) 25. Ans.(A) 26. Ans.(A)
29. Ans.(A)
MATRIX MATCH TYPE QUESTION
30. Ans. (A) - (S) 5 (B) - (R) ; (C) - (Q) 31. Ans. (A) - (T); B) - (R); (C) - (R); (D) - (Q)

22. Ans.(B)
28. Ans. (C)

27. Ans.(A)

matics-1D & Calculus & 2D\Eng\O1-NLM\O1. Theory & Ex.p65

EXERCISE (JM)
1. Ans. (1) 2. Ans. (4) 3. Ans. (3) 4. Ans. (1) 5. Ans. (3) 6. Ans. (1)
EXERCISE (JA)
1. Ans. (B) 2. Ans. (A) 3. Ans. 5 4. Ans. (D)
2
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. ALLEN Kinematics-1D & Calculus
KINEMATICS-1D & CALCULUS

KEY CONCEPT

Kinematics
Study of motion of objects without taking into account the factor which cause the motion (i.e. nature
of force).

Motion
If a body changes its position with time, it is said to be moving else it is at rest. Motion is always
relative to the observer.
Motion is a combined property of the object under study and the observer. There is no meaning of
rest or motion without the viewer. In other words absolute motion or rest is meaningless.

. To locate the position of a particle we need a reference frame. A commonly used reference frame is
Cartesian coordinate system or simply coordinate system.
The coordinates (x, y, z) of a particle specify the position of the particle with respect to origin of that
frame. If all the three coordinates of the particle remain unchanged as time passes it means the
particle is at rest w.r.t. this frame.

. The reference frame is chosen according to the problems.

. If the frame is not mentioned, then ground is taken as the reference frame.

DISTANCE AND DISPLACEMENT
Total length of path covered by the particle, in definite time interval is called
distance. LR
Let a body moves from A to B via C. The length of path ACB is called ’ b
the distance travelled by the body.

But overall, body is displaced from A to B. A vector from A to B, i.e. AB isits displacement vector
or displacement that is the minimum distance and directed from initial position to final position.

. Distance is a scalar while displacement is a vector.

. Distance depends on path while displacement is independent of path but depends only on final and
initial position.

. For a moving body, distance can't have zero or negative values but displacement may be +ive, —ive
or Zero.

. For a moving/stationary object distance can't be decreasing.

. If motion is in straight line without change in direction then

distance = |displacement| i.e. magnitude of displacement.
. Magnitude of displacement may be equal or less than distance but never greater than distance.

distance >|displacement]
Displacement in terms of position vector
Let a body is displaced from A (x,,y,z,) to B (x,,y,, z,) then its A(X,¥1,Z1)
displacement is given by vector aAR.

From AOAB fA + AT = i:B = AT = fB — fA B(Xm}/mzz)

L, =X,i+Yy,j+2,k and T, =x,i+y,j+zk

AT =(x,=x,)i+(y, =¥, )i+(2, — 2, )k = AT = Axi + Ay} + Azk
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Ex.

Sol.

Ex.

Sol.

Ex.

A particle goes along a quadrant from A to B of a circle radius 10m as shown in fig. Find the
direction and magnitude of displacement and distance along path AB.

- -

Displacement AB=0B-0A = 103 ~10i

|AB| =102 +10% =10y2 M

F AOBC' t 9—%—2—1 0 =45°
rom and="op=17=1=0=

Angle between displacement vector O_>C and x—axis = 90° +45°=135°

1 1
Distance of path AB = 1 (circumference) = 1 2aR) m=(57) m

On an open ground a motorist follows a track that turns to his left by an angle of 60° after every
500 m. Starting from a given turn, specify the displacement of the motorist at the third, sixth and eighth
turn. Compare the magnitude of displacement with the total path length covered by the motorist in each
case.

At III turn
Displacement = QA + AB+BC = OC
=500 cos 60° + 500 + 500 cos 60°

1
=500 x % + 500 + 500 x ) =1000 m from O to C

Displacement _ 1000 _ 2
Distance 1500 3

Distance = 500 + 500 + 500 = 1500 m. So

At VI turn
- initial and final positions are same so displacement = 0 and distance = 500 x 6 =3000 m

Displacement 0
Distance 3000
At VIII turn

60°] 3

Displacement = 2(500) cos( 5 =1000 x cos 30° = IOOOXT =500+/3 m

Distance = 500 x 8 =4000 m

~ Displacement 5004/3 B ﬁ
" Distance 4000 8

A drunkard walking in a narrow lane takes 5 steps forward 9~ """ """ "-~-- pPit
and 3 steps backward, followed again by 5 steps forward +7F-======7 A :
and 3 steps backward, and so on. Each step is 1m long £ SLIIACC ::: N/~ -l
and requires 1s. Plot the x—t graph of his motion. Determine | /. 1 Do :
graphically or otherwise how long the drunkard takes to b P! ! R
5 8 13 16 21 t(second) —

fall in a pit 9m away from the start.
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Kinematics-1D & Calculus

ALLE

. N
Sol.  from x—t graph time taken =21 s
or (5m—-3m)+(5m—-3m)+5m=9m
= total steps =21 = time= 21s

DERIVATIVE OF A FUNCTION

Average Rate of Change

Let a function y = f(x) be plotted by an arbitrary graph as shown in the figure. Average rate of change in

y withrespect to x in an interval [x, X, ] is defined as

Changeiny _y,—-y, Ay

Average rate of change = :
verag g Changeinx x,-X, Ax

Y=yt Ay

Y=y

= slope of chord
If both the axes have equal scale
Average rate of change = slope of chord PQ = tanf

Instantaneous Rate of Change : First derivative

It is defined as the rate of change in y with x at a particular
value of x. It is measured graphically by the slope of the
tangent drawn to the y-x graph at the point (X, y) and
algebraically by the first derivative of the function y=f(x).

Y Slope of the tangent

Instantaneous rate of change = o
X

2y =)

Tangent

d -
If both the axes have equal scale then d_z = tan0 X X
Instantaneous rate of change = dy = lim 4y
dX Ax—0 AX
f(x+Ax)—f
(e Ax) (%)
Ax—0 AX
L 4
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Derivatives of Commonly Used Functions.
dy dy .
ey = =—==0 oy = = ——=-5InX
y = constant Ix Yy = cosx .
dy -1
— on = —=nx" . u— ay 2
*y=X dx y = tanx :>dx—sec X
dy
— xS .y =cotx = Y = _cosec’x
dx
=1 :ﬂ_l = :ﬂ——cosecxcotx
y = Inx x x y = Ccosec X i
dy dy
ey =5j = ——=C0SX oy = = —=secxtanx
y = sinx i y =sec X i
Method of Differentiation.
d
If y = f(x), let us denote ¢ '(x)
dx
: , dy ., .
«  Sum or Subtraction of two functions y =f(x)+g(x)= = f'(x)+g'(x)

Ex.

Sol.

*  Product of two functions

y=1(x)-g(x) = =g (x)(x)+ £ (x)g(x)

* Division of two functions.

1) Ly ()P ()= (x)e'(x)
Blx) - dx fe(a)f

e Chain Rule

y={g(x)) = =g ()1 {e(x))

d
Find d_z ,when () y = /x ()y=x’+x*+7 (iii)y=x*+4x"?-3x?

-1/2 _ 1

1 dy d d 1/2 1 1/2-1 1
_— —_ — -1 = =X =
@ dx  dx (Jx)= dx ) o 2 2Jx

L dy d d d d
(ii) o &(X“rx“ +7) = &(XS)'F &(x“)Jr = (7)= 5x*+4x3 + 0 =5x*+ 4x*

(iii) ﬂ — i (x2 + 4512 _ 3X72) — i (Xz) _,_i (4X71/2) _ i (3X72)
dx dx dx dx dx

d d d 1
= Ix (x?) + 4d_x (x")-3 = x?)=2x+4 (_Ej X2 3(-2)x3=2x - 2x¥* + 6x73
X
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. ALLEN

Second Derivative and it's meaning

d|d
Second derivative of a function y = f(x) is defined as d_x[d_z} . It is obtained by differentiating the

function with respect to x two times successively. Geometrically it expresses rate of change in slope

of graph of the function.
Maxima & Minima

Maxima & minima of a function y = f(x)

2

: dy y .
for maximum value o 0 and e negative

/....minima
» X

2

for minimum value d_z =0and dx}; = positive

Ex. Find minimum value of y =25x?— 10x + 5.

d 1
Sol.  For maximum/minimum value d_z =0=>50x-10=0=>x= 5
1 d L 1Y 1
Now at x = =, —5 =50 which is positive. Soy . =25| -] —10| 7 |+5=1-2+5=4
5 dX min 5 5
INTEGRATION
. This operation enables us to find sum of infinite number of infinitely small quantities.

. It is reverse operation of differentiation. If derivative, which is rate of change at a point, is given as

dF(X)

a function f (X) = , operation of integration enables us to find original function F(x).

If(x)dx =F(x)+C

Here function f(x) is known as integrand, function F(x) as integral and C as constant of integration. Value
of C is obtained by substituting initial, final or any other condition (known as boundary conditions) in the
above equation.

This interpretation enables us to find integral of those functions whose derivative is known.

Kinematics-1D & Calculus
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Integrand Integral
dF (x)
f(x)= f =F(x)+C
()= Jr(x)ox = F(x)
k = Constant kx+C
n+l
x" X 4CIfn=-1
n+1
x ! Inx+ C
e’ e"+C
sin X —cos X+ C
COS X sinx+ C
f(ax+b) 7F(ax i b) +C
a
Ex.  Evaluate the following:
(i) [x7dx (if) [ x""1dx
—7+1 1 6
Sol. (i) [x7dx = +c=——Xx "+c¢
@ I =7+1 6
L
¢ B x4 q
(i) _[qux = +eo= " —xProlatc
p+
—+1
q
2 1
Ex. Evaluate I X" —cosx +— dx
X
5 1 X2+1 X3
Sol. I=| x"dx—| cosxdx+| —dx = —sinx +1 teo=" _sinx+1 n
0 I j I " 57 sinxtlog x+ec 3 sinx +log x + ¢
SPEED :
Speed is the rate of change of distance with respect to time.
Uniform speed :
An object is said to be moving with a uniform speed, if it covers equal distances in equal intervals of
time, irrespective of duration of interval. The uniform speed is shown by straight line in distance—
time graph.
For example, suppose a train travels 1000 m in 60 s. The train is said to be moving with uniform
speed, if it travels 500 m. in 30s, 250 m in 15s, 125 m in 7.5s and so on.
Non Uniform speed :
An object is said to be moving with a variable speed if it covers equal distances in unequal intervals
of time or unequal distances in equal intervals of time, irrespective of duration of interval.
L 4
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For example, suppose a train travels first 1000 m in 60s next 1000 m in 120s and next 1000m in 50s,

then the train is moving with variable speed.

Average speed :

Total travelled distance

Speed is distance travelled per unit time. Average speed of atripv = Total time taken

. . . . As
If a particle travels a distance s in time t, to t,, the average speedis v, = A =1 _t
t 27 h

Instantaneous speed
The speed at a particular instant is defined as instantaneous speed (or speed) while average speed is

defined for a time interval.

As ds

If At approaches zero, average speed becomes instantaneous speed. v= BE})E = o

1.e. instantaneous speed is the time derivative of distance.

If a particle travels distances s , s,, s, etc. with speeds v , v,, v, etc. respectively, then total travelled

distance
s=sl+sz+53+ .......... +s
. 1 2 S n
Total time taken t= —+—=+—=+.....+
ViV, Vv, Vo

No sign is needed for distance or speed.
They are always positive quantities.

Average speed of the trip =

VELOCITY :
Velocity is the rate of change of displacement with respect to time.

Uniform Velocity :

A body is said to move with uniform velocity, if it | 1
covers equal displacements in equal intervals of Tg ?
time, irrespective of duration of interval. When a E| >
body is moving with uniform velocity, then the a :
R (0] Time —
(0] Time —

magnitude and direction of the velocity of the body

remains same at all points of its path.
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Non-uniform Velocity :
The particle is said to have non—uniform motion if it covers unequal displacements in equal intervals
of time, irrespective of duration of interval. In this type of motion velocity does not remain constant.

O [Displacement —»

Time —»

Average Velocity
The average velocity of a particle in a time interval t, to t, is a defined as its displacement divided by
the time interval. Let a particle is at a point A at time t, and B at time t,. Position vectors of A and B

N
are T and T, . The displacement in this time interval is the vector AB = (?2 -i ) . The average velocity

e e - displacement vector
in this time interval is, v,, =

time interval

. _AB _L-f _AF
Yot -ttt At

P
g
x7
- -

here AB = OB—-OA =T, — 1, = change in position vector.

Instantaneous velocity
The velocity of the object at a given instant of time or at a given position
. . . . . Ar dr
during motion is called instantaneous velocity v = Lim — = —
A0 At dt

&

Displacement ——

el
&
Y

From fig., the average velocity between points A and B is

X, —X Ax "
2—L = — =slope of secant AB = tan 0
t,—t, At

Vav =
Average velocity is equal to slope of straight line joining two
points on displacement time graph. If At — 0, then average
velocity becomes instantaneous velocity.

Ax  dx

v=Lim— = — =glope of tangent at P = tan o
At—0 At dt p g

. Magnitude of instantaneous velocity is the instantaneous speed. .
Note : When a particle moves with constant velocity, its Time —
magnitude of average velocity, its magnitude of instantaneous
velocity and its speed all are equal.

tel
M

Displacement ———p

E
=
:

¢
m
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Ex. Ifaparticle travels the first half distance with speed v, and second half distance with speed v,.Find its

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

average speed during journey.

s+s 28 2wy,

v = =
avg.
o+t S 8 vty
Vi 'V,

Note :—Herev, is the harmonic mean of two speeds.

If a particle travels with speed v, during first half time interval and with v, speed during second half time
interval. Find its average speed during its journey.

Total distance =s, +s, = v t+v,t = (v, + v )t

<------ LRECEEEREE >&------- Sy mmee- >
t p t

. v, | vV, ——e

A 0 B

_5FS, (Vl +V2)t _vitv,
e t4t 2t 2
Note :— here A/ is arithmatic mean of two speeds.

Total time=t+t=2t A\

A car travels a distance A to B at a speed of 40 km/h and returns to A at a speed of 30 km/h.
(1) What is the average speed for the whole journey?
(1) What is the average velocity?

s
(i) LetAB=s,time taken to go fromAto B, t, =70 h

S
and time taken to go from B to A, t,= 3—0h

. s s (B+4) s s
", total time taken=t1+t2= 4—0+£= 20 = 0

Total distance travelled =s +s = 2s

h

total distancetravelled  2s  120x2

total time taken s 7
120

(i1) Total displacement = zero, since the car returns to the original position.

.. Average speed = =34.3 km/h.

total displacement 0

Therefore, average velocity = ; ==
& v time taken 2t

A man walks on a straight road from his home to a market 2.5 km away with a speed of
5 km/h. On reaching the market he instantly turns and walks back with a speed of 7.5 km/h. What is
the (a) magnitude of average velocity and (b) average speed of the man, over the interval of time
(1) 0 to 30 min. (ii) 0 to 50 min (iii) 0 to 40 min.

) . dist 25 1
Time taken by man to go from his home to market, t, = CBNCe _ 22 _ " p
speed 2
Time taken by man to go from market to his home, t, = % = 1 h
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Total time taken = t+t = %+% = %h = 50 min.

@ 0 to 30 min

displacement 2.5

Average velocity = time interval _E =5 km/h towards market
60
A = distance 25 5 knv/h
VeTage SPeC ™ ime interval E -
60

(ii) 0 to 50 min
Total displacement = zero so average velocity =0

5
So, average speed = 50/60 6 km/h

Total distance travelled =2.5 +2.5 =5 km.

(iii) 0 to 40 min
Distance moved in 30 min (from home to market) =2.5 km.

10
Distance moved in 10 min (from market to home) with speed 7.5 km/h =7.5 x w0 1.25 km

So, displacement = 2.5 — 1.25 = 1.25 km (towards market)
Distance travelled =2.5 + 1.25 =3.75 km

Average velocity = % =1.875 km/h. (towards market)

60

Average speed = % =5.625 km/h.

60
Note : Moving body with uniform speed may have variable velocity. e.g. in uniform circular motion

speed is constant but velocity is non—uniform.
Ex.  Refer to figure for the motion of an object along the x-axis.

X, m
15 ¢
“1
10 an
5 [ i
/
05 10 20 H ts

What is the instantaneous velocity of the object at (a) F (b) D
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Sol.

(a) ThetangentatF is the dashed line GH. Taking triangle GHJ,
At=24-4=20s Ax=0-15=-15m
Hence slopeat Fis v, = > = —>% — (.75 m
enceslopeatFis v, = —-=—===-0. S
The negative sign tells us that the object is
moving in the —x direction.

dx
(b) At point D slope of curve is zero so v = e 0.
ACCELERATION :
Acceleration

Ex.

Sol.

The acceleration is rate of change of velocity or change in velocity per unit time interval.

Velocity is a vector quantity hence a change in its magnitude or in direction or in both, will change
the velocity .

Uniform acceleration :

An object is said to be moving with a uniform acceleration if'its velocity changes by equal amounts
in equal intervals of time, irrespective of duration of intervals.

Variable acceleration :

An object is said to be moving with a variable acceleration if its velocity changes by unequal amounts
in equal intervals of time, irrespective of duration of intervals..

Average Acceleration :

When an object is moving with a variable acceleration, then the average acceleration of the object
for the given motion is defined as the ratio of the total change in velocity of the object during motion
to the total time taken

Total change in velocity

Average Acceleration = 5
total time taken

- - -

. S . . - va—vi Av

Suppose the velocity of a particle is v, attime t and v,attime t,. Then a., = AL N
t,—t, At

Instantaneous Acceleration :
The acceleration of the object at a given instant of time or at a given point of motion, is called its

instantaneous acceleration. Suppose the velocity of a particle at time t, =tis v, =V and becomes

V, =V+AV attimet,=t +At, Then, g_ :%
t

If At approaches to zero then the rate of change of velocity will be instantaneous acceleration.

. leration i = Li AV dv  d(df) dF
a=Llm—=—=—|— |=—
nstantaneous acceleration SO0 AL dt dt\ dt i

An athlete takes 2 second to reach the maximum speed of 18 km/h from rest. What is the magnitude
of his average acceleration.

5
Here, Initial velocityu=0,v=(v_ )= 18 km/h =18 x T =5m/s, t =0s,t,=2s.
v—u 5.0
a =

= — =2.5m/s?
av t2 _tl 2

Kinematics-1D & Calculus
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Ex. A carmoving with a velocity of 20 ms™' is brought to restin 5 seconds by applying brakes. Calculate the

retardation of the car.

v-u_(0-20)
5

Sol. Here, u=20ms!, v=0, t=5s. accelerationa = =—4m/s?

—ve acceleration is known as retardation. Thus, retardation of the car =4 ms=.

Use of Mathematical Tools in Solving Problems of One-Dimensional Motion
If displacement—time equation is given, we can get velocity—time equation with the help of
differentiation. Again, we can get acceleration—time equation with the help of differentiation.
If acceleration—time equation is given, we can get velocity—time equation by integration. From

velocity equation, we can get displacement—time equation by integration.

Differentiation Differentiation

Displacement Velocity Acceleration

Integration Integration

Ex.  The velocity of any particle is related with its displacement as; x =+/v +1, Calculate acceleration at

X=5m.
Sol. .. x= v+l . x*=v+l =v=(x>1)
dv. d, , dx 5
Therefore azaza(x —1):2XE:2X V:2X(X —1)

Atx=5m,a=2x5(25-1)=240 m/s*

Ex.  The velocity of a particle moving in the positive direction of x—axis varies as v = o~/x where o is
positive constant. Assuming that at the moment t = 0, the particle was located at x = 0 find, (i) the
time dependance of the velocity and the acceleration of the particle and (i) the average velocity of

the particle averaged over the time that the particle takes to cover first s metres of the path.

Sol. (i) Giventhat v=onx

dx dx xdx _
jaza\/; .'.ﬁzadt :J.OK—LO‘(M 2f=at:>x=(a2t2/4)

2

. 1 .
Velocity x_1 o’t and Acceleration —- =~ o’
d 2 e 2
2,2
- o't 4s 2s
(i) Time taken to cover first s metres s = = Pl = t=—;
o
locit total displacement soL 1 S
average velocity = . =T =7
g y total time 20s 2
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Ex. A particle moves in the plane xy with constant acceleration a directed along the negative y—axis. The
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Sol.

Ex.

Sol.

Ex.

Sol.

equation of motion of the particle has the form y = px — qx® where p and q are positive constants. Find
the velocity of the partcle at the origin of coordinates.
Given that y = px — qx?

dy dx dx d’y d’x d’x [dx jz d’x (dx)
... —_— = . 2 - = - 2 X - 2 _— = i
a Par T ad g TP T e T (P=2a%) g dt? “2 g
d’*x d2y
el =0 (no acceleration along x—axis) and —5 e =-a

NOWV—,/V+V —+— v= || ———— 2~
2q 2q 2q

A particle moves along a straight line path such that its magnitude of velocity is given by
v = (3t?— 6t) ms!, where t is the time in seconds. If it is initially located at the origin O then
determine the magnitude of particle's average velocity and average speed in time interval from t=0
to t=4s.

(3t2 —6t)dt

Average velocity = -[ = =—— 2 =4ms
.[dt Idt (t)o

0

S C—

f|v|dt: I:‘3t2—6t‘dt ) j02(6t—3t2)dt+j24(3t2—6t)dt
j dt I4dt rdt
0 0

2 3)? 3 2\*
_(ror) (0 o30), 24
(1), )
The coordinates a particle moving in a plane are given by x =3 cos2t and y = 4sin2t.
(i) Find the equation of the path of the particle.

Average speed =

=6 ms™!

T

(i) Find the angle between t and v att= 1

(iii) Prove that acceleration of the particle is always directed towards a fixed point.

2 2

2 2
(i) Eliminating t from x = 3 cos2t & y = 4sin2t. We get G] + Gj -1 = % + 1y—6 =1
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- I ~ A A N dx,‘\
() r=x1+y)=3cos2ti +4sin2tj => Vv=——1+

3 =_65sin2t i + 8cos 2t3

&|&

T n R

Angle between T and Vcos0 = Iy = M =0=>0 =g

v (4)(6)

_ dv . A . .
(i) a :E =—12cos 2t i — 16sin2tj =—4 (3 cos2t | +4sin2tj)=—4F

So acceleation is always directed toward origin (a fixed point)

3 2
Ex. A particle moves in a straight line according to the relation x = L1 6t.
2

Find the displacement and distance travelled by the particle upto t =4 sec.

dx
Sol. v=—=t2-5t+6

dt
The particle turns when v=0=t*-5t+ 6 = (t-2) (t-3) =0 i.e. t=2 sec, 3 secs
. 64 80 16
Displacement = x(4) — x(0) = 35 +24 = Sm

Distance = ‘X(Z)—X(O)‘ + ‘X(3)—x(2)‘ + ‘x(4)—x(3)‘

18 10412 (9—£+18—Ej
3 2

3 +
4
Alter : distance = J-O |V| dt

Equations of motion (motion with constant acceleration)

. dv .
If a particle moves with acceleration 3 , then by definition @ = —— — v = adt . Let at starting (t=0)

dt

N

t

initial velocity of the particle j and attime t its final velocity = y then j dv = I adt

0
u

If acceleration is constant

E ey <
[N
<
Il
o)

[SY SRR
o
—
| |
<!
e

E=1} <i
I
o)
—
e
7
[
I
o ]
—
<i
I
=1
+
=
~
—_
N~
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Ex.

Sol.

Ex.

Sol.

Now substituting the value of t from equation (1) to equation (2)

(v-u) 1 [v—u2

s=y ——+—a
a 2 a

vector form of equation (iii) | v =uw*+2as| .. 3)

These three equation are called equations of motion and are applicable only and only when
acceleration is constant.

Distance travalled by the body in n'" second
S w =S, =S, —un+an’ —u(n—l)—la(n—l)2 —un+Yan’—un+u—Lan’+an—2
" 2 2 2 2 2

vector form of equation (iv)

sm=u+%@n—0 ........ (4)

n

A driver takes 0.20 s to apply the brakes after he sees a need for it. This is called the reaction time
of the driver. If he is driving a car at a speed of 54 km/h and the brakes cause a deceleration of
6.0m/s?, find the distance travelled by the car after he sees the need to put the brakes on

Distance covered by the car during the application of brakes by driver —

5
s, =ut =(54x§j (0.2) =15 x 0.2 =3.0 meter
After applying the brakes; v=0u=15m/s, a=6m/s’s, =?

i 2=2— = 2_2x6x = 2221875111'[1‘
Using v’ =u’-2as = 0= (15 -2 x 6 xs, =12s,=225 =S8, B . etre

Distance travelled by the car after driver sees the need forit s=s +s,=3 +18.75=21.75 metre.
A passenger is standing d distance away from a bus. The bus begins to move with constant acceleration
a. To catch the bus, the passenger runs at a constant speed u towards the bus. What must be the
minimum speed of the passenger so that he may catch the bus?

Let the passenger catch the bus after time t.

1
The distance travelled by the bus, s, =0 + 5 at? (1)
and the distance travelled by the passengers, =ut +0 .(2)
Now the passenger will catch the bus if d +s =5, ...(3)

1 1
= d+5 at2=ut:§ at? —ut+d=0=>t=

[u++u’® —2ad]
a

So the passenger will catch the bus if t is real, i.e., u? > 2 ad — y > +/2ad

So the minimum speed of passenger for catching the bus is /2ad .

Kinematics-1D & Calculus
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Vertical motion under gravity
Ifair resistance is neglected and a body is freely moving along vertical line near the earth surface then an
acceleration downward which is 9.8m/s? or 980 cm/s? or 32 ft/s? is experienced by the body:
Freely falling bodies from a height h above the ground
Taking initial position as origin and direction of motion (i.e. downward direction) positive y axis, as

body is just rc?leased/dropped}l =0 ©u=0.t=0
acceleration along +Y axisa=g
Use equations of motion to describe the motion, i.e. ?
A\

1
v=u-+at, y=ut+ —at} v2=u?+2ay y

2
Let the body acquires velocity v(downward) after falling a distance h in time t, then

1 2h
v=gt =>t=v/g - h=Egt2:>t=,/E,V2=2gh:w=4/2gh

(v—t graph) (h—t graph)
(a—t graph)

aoct® hoct]

v

t t g
Body is projected vertically upward : With velocity u take initial position as origin and direction
of motion
(i.e. vertically upward) as positive y—axis.

v =0 at maximum height, at t =T, ypLav=0
a=— g (because directed downward) g
Put the values in equation of motion .
v=utat=>0=u-gT =>u=gT y=0, velocity=u (at t=0)
L ot Lo
s—ut+2at :>h—ut—2gt

1 1 1
= hmax =uT— E gT2 = hmax = (gT)T — E gT2: E gTZ

vZ=u’+2as =>v=uw-2gh=0=v-2gh =u=2gh =u=,2gh_
After attaining maximum height body turns and come back at ground. During complete flight
acceleration is constant,

Time taken during up flight and down flight are equal
2u

Time for one side T = 2 and total flight time = 2T =
g

At each equal height from ground speed of body will be
same either going up or coming down.
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SOME RELATED GRAPHS FOR ABOVE MOTION'S
GRAPHS
A VA
at
+ t
0 — ¢ z
time — 5]
_ =
0
_gVV v
S4 2h_ 1
T hmax "
g r.
§ 8 B ma:
< =)
= —>t 82
2 T 2T =S
= time —» © =

Ex.

Sol.

Ex.

Sol.

A body is freely dropped from a height h above the ground. Find the ratio of distances fallen in first
one second, first two seconds, first three seconds, also find the ratio of distances fallen in 1% second,
in 2" second, in 3™ second etc.

1 1
From second equation of motion, i.e. h= 5 gt? (h=ut+ 5 gt and u=0)

|

Now from the of distance travelled in n™ second

1 1
s, =u+t Ea(2n—1) hereu=0,a=g:>sn25g(2n—1)

1 1 1
=S IS IS, e Zzg(2><1—l):Eg(2x2—1):5g(2><3—1)=1:3:5 ........

A rocket is fired vertically up from the ground with a resultant vertical acceleration of 10m/s?. The
fuel is finished in 1 minute and it continues to move up.
(a) What is the maximum height reached?
(b) After finishing fuel, calculate the time for which it continues its upwards motion. (Take g =10 m/s?)
(a) The distance travelled by the rocket during burning interval (1 minute= 60s) in which resultant
acceleration 10 m/s” is vertically upwards willbe h, =0 > 60 +(1/2) x 10 x 60>= 18000 m = 18 km
and velocity acquired by it willbe v=0+ 10 x 60 =600 m/s
Now after 1 minute the rocket moves vertically up with initial velocity of 600 m/s and acceleration
due to
gravity opposes its motion. So, it will go to a height h, from this point, till its velocity becomes zero
such that

0 =(600)*—2gh, =h, =18000 m = 18 km [g =10 ms™]
So the maximum height reached by the rocket from the ground, H=h +h, =18 + 18 = 36 km




T Py

(b) As after burning of fuel the initial velocity 600m/s and gravity opposes the motion of rocket, so from

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

ALLEN .

1* equation of motion time taken by it till it velocity v=0
0=600—-gt=t=60s

A ball is thrown upwards from the top of a tower 40 m high with a velocity of 10 m/s, find the time

when it strikes the ground (g = 10 m/s?)

A4

+er :
u=10m/s ¥ é
T 4 fa=—10m/s °

)
L
-«

In the problem u=+ 10 m/s, a=— 10 m/s* and s =-40m
(at the point where ball strikes the ground)
Substituting in s = ut + 5 at?

—40=10t-5t? = 5¢ - 10t—40=0=t"-2t-8=0
Solving this we have t =4 s and — 2s. Taking the positive value t = 4s.

The acceleration of a particle moving in a straight line varies with its displacement as, a = 2s velocity
of the particle is zero at zero displacement. Find the corresponding velocity displacement equation.

dv dv ds dv
a=2s=> —=2§ = —.—=2s=>—.V=28
dt ds dt ds

:>J-VdV=2J.SdS = (V?zj :2[§J

0 0
2

\%
= ?zsz =v=s2

If a body travels half its total path in the last second of its fall from rest, find :
(a) The time and

(b) height of its fall. Explain the physically unacceptable solution of the quadratic time equation.

(g=9.8 m/s?)
If the body falls a height h in time t, then

1
h= ) gt? [ u=0 as the body starts from rest]

1
Now, as the distance covered in (t— 1) second is h' =5 g(t-1)?

So from Equations (1) and (2) distance travelled in the last second.

1 1 1
—_h'=— 2_ — —1)2 1 —_h'=— —
h—h 5 gt > g(t-1)*1.e.,h—h 8 2t-1)

(1)

.2
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But according to given problem as (h—h’) = Py

1 1

ie., (—jh = (Ejg(Zt - 1) or (%j gt’ = g(2t—1)  [asfromequation (1) h = (%) gt’]

2

ort?—4t+2=00r t=[4+./(4°—4x2)]/2 or t=2+2 =>t=0.59so0r3.41s

0.59 s is physically unacceptable as it gives the total time t taken by the body to reach ground lesser
than one sec while according to the given problem time of motion must be greater than 1s.
so t=34lsandh=%x(9.8) x (3.41)>=57m

Graphs based on 1-D

For constant acceleration, a/t, v/t and s/t curve from equations of motion are —

In case of constant acceleration

1 ) t v (st motion in a straight line, scalar
A Q... linear @8 form of equ‘atlons of motion
tanf=a & can be applied and problem
>t >t a >t becomes fairly simple.

t

=v-u= Iﬁdt = Area between curve and time axis from t tot,.

sl o<

As dv=adt or [V]

4
Area under the curve of a — t graph always gives the change in velocity.

t
Similarly ds = I vdt or s = j?/dt = Area between curve and time axis from t to t,.

t

Here § is the displacement of particle in time interval t, to t,, i.e. area under the curve of v/t graph
always gives the displacement. If only magnitude of area is taken into account then sum of all area
is the total distance travelled by the particle.

. Slopes of v—t or s—t graphs can never be infinite at any point, because infinite slope of v—t graph means
infinite acceleration. Similarly, infinite slope of s—t graph means infinite velocity. Hence, the following
graphs are not possible.

N
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Ex.

Sol.

Ex.

At one time, two values of velocity or displacement are not possible Hence, the following graphs are not
acceptable.

The slope of velocity—time graph of uniform motion is zero.

When a body is having uniform motion along a straight line in a given direction, the magnitude of
the displacement of body is equal to the actual distance travelled by the body in the given time.
The average and instantaneous velocity in a uniform motion are equal in magnitude.

In a uniform motion along a straight line, the slope of position—time graph gives the velocity of the
body.

The position—time graph of a body moving along a straight line can never be a straight line parallel
to position axis because it will indicate infinite velocity.

The speed of a body can never be negative

Medium effects the motion of a body falling freely under gravity due to thrust and viscous drag.

A car accelerates from rest at a constant rate o for some time, after which it decelerates at a constant
rate 3, to come to rest. If the total time elapsed is t evaluate (a) the maximum velocity attained and
(b) the total distance travelled.
(a) Let the car accelerates for time t and decelerates for time t, then
t=t+t, (i)
and corresponding velocity—time graph will be as shown in. fig.
V inax V i

=>t=
t, o

From the graph o = slope of line AB =

V max V max
=

and B =—slope of line OB = t= B
t,
Vmax Vmax G’Bt
= + :tjvmax a—+B =t :>Vmax: —+

" aBt_l[ﬂJ

oc—+[3_ 2 la+p

Note: This problem can also be solved by using equations of motion (v =u + at, etc.).
Draw displacement time and acceleration — time graph for the given velocity—time graph

1 1
(b) Total distance = area under v—t graph = ) Xtxvy = )

v(ms™)

>t
0 5 TR
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Sol.

Ex.

Sol.

10
For0<t< S5voct= s « t?and a,= constant ? =2 ms™>

1
for whole interval s, = Area under the curve = 5 x5x10=25m

For 55 t<10 v =10ms"! =a=0

1
for whole interval s, = Area under the curve = 5 Xx5x10=50m

For 10 < t< 12 v linearly decreases with time = a, = —% =-5ms’!

1
for whole interval s,= Area under the curve = E x2x10=10m

A s(m)
4
S . f A
a(ms )
TS aaaeeaaaas y ' )
0 : — >t

25F----4 :

: : -5 —

: : : >t

5 10 12 =

A rocket is fired upwards vertically with a net acceleration of 4 m/s*>and initial velocity zero. After
5 seconds its fuel is finished and it decelerates with g. At the highest point its velocity becomes
zero. Then it accelerates downwards with acceleration g and return back to ground. Plot velocity—
time and displacement—time graphs for the complete journey. Take g= 10 m/s*

y s(m)
v (m/s) A B
A A 70 """""""
20f---- {0 — A
: B C P
: > t(s) b
o 5 7 10.7 H C
0 57 107 ©
In the graphs, v, =at_, =(4) (5) =20 m/s vp=0=v, —gt
vy 20
tAB:E_E_zs Sty =(5+2)s=Ts

1
Now, s .= area under v—t graph between 0 to 7 s = ) (7)(20)=70m

OAB

1
270 =2 (10) 8,

1
N _ o2
OW, Soas = Spc™ 2 gt BC

toe = 14 =3.7s St =11 3.7=10.7s

1
Also s, = area under v—t graph between OA = 5 (5)(20)=50m

Kinematics-1D & Calculus



JEE-Physics ALLEN |

Ex.  Atthe height of 500m, a particle A is thrown up with v =75 ms™ and particle B is released from rest.
Draw, accelearation —time, velocity—time, speed—time and displacement—time graph of each particle.

For particle A : A For Particle B B,
i =0

Time of flight : Time of flight !

1 A, : 1 500m
500 =+75t— > x 10¢ : 500= 5 (10)¢=t=10s l

500m ) B,

=t 15t—100=0 ; Velocity at B,
=t=20s A, v=0-(10) (10)=-100 ms™'
Time taken for A A,

=T75-10t=>t=75s
Velocity at A,,v=75-10x20=—-125 ms

1
Height A,A, = 7 (10) (7.5 =281.25 m

a(ms”) a(ms”)
A A
=20 =10
? > t(s) s > 1(s)
~10 -10
Av(ms") : Av(ms") .
75 75 :
> t(s) \\ > t(s)
125 —100 ===
speed 4 speed 4 E E E
(ms™) (ms™) /
> 1(s) : ()
> t(s) . > t(S)

displacement(m)

281.25 displacement(m) 4

> t(s) : > t(S)

500 be-o--

781.25
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S.N.| Different Cases v-t graph s—t graph Important Points
1. | Uniform motion " ) (1) Slope of s—t graph =
v=constant Vv = constant
. t s=vt . (i1) Ins—tgraphs=0 at
t=0
2. | Uniformly accelerated | v s (1) u=0,i.e.v=0att=0
motion with u=0 at (i) u=0,1i.e., slope of s—t
t=0 1, af’ graph at t = u, should
v=at
t be zero
(iii) a or slope of v —t
graph is constant
3. | Uniformly accelerated (1) u=0,1i.e., vorslope motion

withuz0att=0

s=ut+Y% at’
t

S

of s—tgraphatt=0
is not zero

(ii) v orslope of s —t graph
gradually goes on
increasing.

4. | Uniformly accelerated
motion withu = 0
ands=s att=0

s=s,fut+% at’
t

IS

(i) s=s,att=0

5. | Uniformly retarded
motion till velocity
becomes zero

s=ut+Y% at’

(i) Slope of' s —t graph at
t=0givesu

(i1) Slope of's —t graph at
t=t, becomes zero

(ii1) In this case u can't
be zero.

6. | Uniformly retarded
then accelerated in
opposite direction

() Attimet=t,v=0or
slope of s —t graph is zero

(i1) Ins—t graph slope or
velocity first decreases
then increases with
opposite sign.
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EXERCISE (S-1)

Definitions of kinematics variables
1. A particles starts from point A with constant speed v on a circle of radius R. Find magnitude of

average velocity during its journey from :-

(a)AtoB (b)Ato C (c)AtoD

KM0001
2. Aparticleis moving along x-axis. Initially it is located 5 m left of origin and it is moving away from the origin
and slowing down. In this coordinate system, what are the signs of the initial velocity and acceleration.

+4y
I VO -

00 X'

KM0002

Motion with constant acceleration
3. A caraccelerates with uniform rate from rest on a straight road. The distance travelled in the last second of
athree second interval from the start is 15 m then find the distance travelled in first second in m.
KM0003
4. A particle moving in one-dimension with constant acceleration of 10 m/s? is observed to cover a distance
of 100 m during a 4s interval. How far will the particle move in the next 4s?

KMO0004
5. A particle starts from rest at t = 0 and x = 0 to move with a constant acceleration = +2 m/s?, for
20 seconds. After that, it moves with —4 m/s? for the next 20 seconds. Finally, it moves with positive
acceleration for 10 seconds until its velocity becomes zero.
(a) What is the value of the acceleration in the last phase of motion?
(b) What is the final x-coordinate of the particle?
(c) Find the total distance covered by the particle during the whole motion.

KMO0005
6. A body moving with uniform acceleration has a velocity of —11 cm/s when its x coordinate is
3.00 cm. Ifits x coordinate 2 s later is — 5 cm, what is the magnitude in cm/s? of its acceleration?

KMO0006
7.  Adriver travelling at speed 36 kmh™' sees the light turn red at the intersection. If his reaction time is 0.6s,

and then the car can deaccelerate at 4ms . Find the stopping distance of the car.
KM0007
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8.  Thewindow of the fourth floor of SANKALP building is 5 m high. A man looking out of the window sees

10.

11.

12.

13.

14.

15.

16.

an object moving up and down the height of window for 2 sec. Find the height that the object reaches from
the top end of the window.

KM0008
A body is dropped from a height of 300 m. Exactly at the same instant another body is projected from the
ground level vertically up with a velocity of 150 ms™. Find when they will meet.

KM0009
A stone is dropped from the top of a tall cliff, and 1s later a second stone is thrown vertically downward
with a velocity of 20 ms~!. How far below the top of the cliff will the second stone overtake the first?

KM0010
Speed of train is increasing linearly with time. The train passes a hut with speed 2 m/s and acquires a speed
of 12 m/s after 10 s. What is the speed of the train in m/s, 5 s after passing the hut?

KM0011
Two particle A and B are moving in same direction on same straight line. A is ahead of B by 20m. A has
constant speed 5 m/sec and B has initial speed 30 m/sec and retardation of 10 m/sec’. Then if
x (inm) is total distance travelled by B as it meets A for second time. Then value of x will be.

KMO0012
A boy throws a ball with speed u in a well of depth 14 m as shown. On bounce with bottom of the well the
speed of the ball gets halved. What should be the minimum value of u (in m/s) such that the ball may be able
to reach his hand again? It is given that his hands are at 1 m height from top of the well while throwing and

catching.
Imj [u
ANNANNN NN\

14 m

AN

KM0013
From the top of a tower, a ball is thrown vertically upwards. When the ball reaches h below the tower, its
speed is double of what it was at height h above the tower. Find the greatest height attained by the ball from
the tower. KM0014
A rocket is fired vertically upwards with initial velocity 40 m/s at the ground level. Its engines then fired and
itis accelerated at 2 m/s? until it reaches an altitude of 1000 m. At that point the engines shut off and the
rocket goes into free-fall. If the velocity (in m/s) just before it collides with the ground is 40a. Then fill the

value of a.. Disregard air resistance (g = 10m/s?).
KMO0015

Aballoon rises from rest on the ground with constant acceleration £ Astoneis dropped when the balloon

3
has rises to a height 60 metre. The time taken by the stone to reach the ground is.
KMO0016

Motion with variable acceleration & calculus

17.

The position x of a particle w.r.t. time t along x—axis is given by x = 9t> — t* where x is in metre and t in
second. Find

(a) Maximum speed along +x direction

(b) Position of turning point

(c) Displacement in first ten seconds

(d) Distance travelled in first ten seconds KMO0017
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18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

1
The momentum of a particle moving in straight line is givenby p=Int+ . (in kg m/s) find the time

t> 0 at which the net force acting on particle is 0 and it’s momentum at that time. [Hint : F = d—p]
t

KM0018

1 : .
The velocity of the particle is given as v=3t3+t ——-_ Calculate the net force acting on the body at time
t

t=2 sec, if the mass of the body is 5 kg. KM0019

A wheel rotates so that the angle of rotation is proportional to the square of time. The first revolution was
performed by the wheel for 8 sec. Find the angular velocity m, 32 sec after the wheel started.
[Hint: Consider 0 = kt?, find k]

KM0020
The charge flowing through a conductor beginning with time t = 0 is given by the formula

q=2t>+3t+ 1 (coulombs). Find the current i= % at the end of the 5" second.

KM0021
The angle 0 through which a pulley turns with time t is specified by the function 0 =t>+ 3t — 5. Find the
do
angular velocity ® = & at t=>5 sec. KM0022
The motion of a particle in a straight line is defined by the relation x = t* — 12t> — 40 where x is in meters

and t is in sec. Determine the position x, velocity v and acceleration a of the particle at
t=2sec. KM0023

A point moves in a straight line so that its distance from the start in time t is equal to

s= 1t o4+ 162
4
(a) At what times was the point at its starting position?
(b) At what times is its velocity equal to zero? KM0024
A body whose mass is 3 kg performs rectilinear motion according to the formula s =1 +t + t2,

where s is measured in centimetres & t in seconds. Determine the kinetic energy 5 mv? of the body in 5 sec

after its start. KM0025

A force of 40N is responsible for the motion of a body governed by the equation s = 2t + 2t2
where s is in meters and t in sec. What is the momentum of the body at t =2 sec?

[Hint: Find acc. thenm=F/a & p=mv] KM0026

2
The angle rotated by a disc is given by 0 = 3 t3— % t>+ 77t + 5, where 0 is in rad and t in seconds.

(a) Find the times at which the angular velocity of the disc is zero.
(b) Its angular acceleration at these times.

KM0027
The acceleration of a particle starting from rest vary with respect to time is given by a=(2t—6), where t

is in seconds. Find the time (in seconds) at which velocity of particle in negative direction is maximum.
KM0028
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29.

30.

Acceleration of a particle is defined as a = (75V2 -30V+ 3) (m/s?). If the constant speed achieved by
the particle is given by V., then find the value of 10V ..

KM0029
Position vector of a particle is given by ¥ = 3 3i+4 t} + tk . Find avg acceleration of particle from

t=1tot=2sec.
KM0030

Question based on graph

31.

32.

33.

In the following graph variation with time (t), in velocity (v) of a particle moving rectilinearly is shown. What
is average velocity in m/s of the particle in time interval from 0 s to 4 s?

6 ................
Velocity (m/s)
2

O .
0 C > Time(s)

KM0031
The graph illustrates motion of a bucket being lowered into a well from the top at the instant t =0, down to
the water level, filled with water and drawn up again. Here 'x' is the depth. Find the average speed of the
bucket in m/s during whole operation.

X m)
A

30

sl /

t(s)
0 10 20 KM0032
A particle moves along a straight line, x. At time t= 0, its position is at x = 0. The velocity, V, of the object

0

changes as a function of time t, as indicated in the figure; t is in seconds, V in m/sec and x in meters.
(a) Whatis x att =3 sec?

(b) What is the instantaneous acceleration (in m/sec?) att =2 sec?

(c) What is the average velocity (in m/sec) between t=0and t =3 sec?

(d) What is the average speed (in m/sec) betweent=1 and t =3 sec?

0 t sec

! KM0033
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34.

35.

36.

The figure below is a displacement vs time plot for the motion of an object, answer questions (i) & (ii) with
the letter of appropriate section of the graph.
(1) Which section represents motion in the forward direction with positive acceleration?

(i1) Which section represents uniform motion backwards (—x direction)?

X (meters)
Parabola
1od ()
Straight line, o Straight line
o @
0.5t KM0034
Parabpla Parabola
(a) . . (e)

} i i i t (seconds)
5 10 15 20 25 30 35 0

(a) The diagram shows the position-time graph for a particle moving in a straight line. Find the average
velocity for the interval fromt=0tot=>5.

5

0 time(s)

position (m)

-101
(b) The diagram shows the position-time graph for a particle moving in a straight line. Find the average

speed for the interval fromt=0tot=>5.

il

(=] w
T t

KMO0035

Position (m)

5 time(s)

|
w

Figure shows a graph of acceleration of a particle moving on the x-axis. Plot the following graphs if the
particle is at origin and at restat t =0.

(1) velocity-time graph (i) displacement-time graph (iii) distance-time graph.

|
2m/s’ ; t—)',_:
; 15 20 25 30 i @

5 10 | ; 35 40

— KMO0036

—2m/s’
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EXERCISE (S-2)

Atadistance L =400m from the traffic light, brakes are applied to a locomotive moving at a velocity
v =54 km/hr. Determine the position of the locomotive relative to the traffic light 1 minute after the
application of the brakes if its acceleration is —0.3m/sec?. KMO0037

A particle goes from A to B with a speed of 40km/h and B to C with a speed of 60km/h.
IfAB =6BC, the average speed in km/h between A and Cis.

KMO0038
A flower pot falls oftf a window sill and falls past the window below. It takes 0.30 s to pass a window
3.45 m high. How far is the top of the window below upper window sill?

KMO0039
A juggler performs in a room whose ceiling is 3 m above the level of his hands. He throws a ball vertically
upward so that it just reaches the ceiling.
(a) With what initial velocity does he throw the ball ?
(b) What time is required for the ball to reach the ceiling ?
He throws a second ball upward with the same initial velocity, at the instant that the first ball is at the
ceiling.
(c) How long after the second ball is thrown do the two ball pass each other ?
(d) When the balls pass each other, how far are they above the juggler's hands ?

KMO0040
A train, travelling at 20 km/hr is approaching a platform. A bird is sitting on a pole on the platform. When
the train is at a distance of 2 km from pole, brakes are applied which produce a uniform deceleration in it
to stop it at pole. At that instant the bird flies towards the train at 60 km/hr and after touching the nearest
point on the train flies back to the pole and then flies towards the train and continues repeating itself.

Calculate how much distance will the bird have flown before the train stops?
KMO0041

Ahelicopter takes off along the vertical with an acceleration of 3m/sec? & zero initial velocity. In a certain
time, the pilot switches off the engine. At the point of take off, the sound dies away in 30 sec. Determine the
velocity of the helicopter at the moment when its engine is switched off, assuming the velocity of sound is
320 m/sec. KM0042

A fishing boat is anchored 9 km away from the nearest point on shore. A messenger must be sent from the
fishing boat to a camp, 15 km from the point on shore closest to the boat. If the messenger can walk at a
speed of Skm per hour and can row at 4 km per hour.

(i) Form an expression relating time taken to reach the camp t with distance x on shore where he

lands.
(i1) At what point on shore must he land in order to reach the camp in the shortest possible time?
Boat
9 km
X Camp
15 km
KM0043
L 4
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8.

10.

11.

Two body move from the same point along a straight line. The first body moves with velocity
v =(3t? - 6t) m/s, the second with velocity v = (10t -+ 20) m/s. At what instant and at what distance from
the initial point will they meet.

KM0044

Velocity of a car depends on its distance ¢ from a fixed pole on a straight road as v = NI , where / is in
meters and v in m/s. Find acceleration (in m/s?) when £ = 8m.

KMO0045
A particle is moving with uniform acceleration along x-axis with initial velocity along positive x. At

32 1
t= W s the magnitude of displacement becomes 3 the total distance travelled. By this time the x

coordinate of particle is still positive. The instant (in sec) at which displacement becomes zero is

KMO0046
Two trains are moving in opposite direction on same track. When their separation was 600 m their drivers
notice the mistake and start slowing down to avoid collision. Graphs of their velocities as function of time

. . . . . X
is as shown. If separation between the drivers when first train stops is x then find the value of 16"

V,(m/s) V,(m/s)
N 4
50
/1 : o
3 > t(sec) 60
(First train) (Second train)

KM0047
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EXERCISE (0O-1)

SINGLE CORRECT TYPE QUESTIONS

Definitions of kinematics variables

1.

In 1.0 sec. a particle goes from point A to point B moving in a semicircle of radius 1.0 m. The
magnitude of average velocity is : [JEE '99]
A

(A)3.14 m/sec (B)2.0m/sec (C) 1.0 m/sec (D) zero

KMO0048
An object is tossed vertically into the air with an initial velocity of 8 m/s. Using the sign convention upwards
as positive, how does the vertical component of the acceleration a, of the object (after leaving the hand)
vary during the flight of the object?
(A) On the way up a > 0, on the way down a > 0
(B) On the way up a, < 0, on the way down a > 0
(C) On the way up a > 0, on the way down a, < 0
(D) On the way up a < 0, on the way down a < 0

KMO0049

Motion with constant acceleration

3.

A body starts from rest and is uniformly accelerated for 30 s. The distance travelled in the first 10 s is
X, next 10 s is x, and the last 10 s is x,. Then x, : X, : X, is the same as :-

(A)1:2:4 B)1:2:5 (©)1:3:5 D)1:3:9
KMO0050
If abody starts from rest and travels 120 cm in the 6th second, with constant acceleration then what is the
acceleration :
(A)0.20 m/s? (B)0.027 m/s? (C)0.218 m/s? (D) 0.03 m/s?

KMO0051
A particle travels 10m in first 5 sec and 10m in next 3 sec. Assuming constant acceleration what is the
distance travelled in next 2 sec.
(A)83m (B)9.3m (C)103m (D) None of above
KMO0052
The engine of a motorcycle can produce a maximum acceleration 5 m/s?. Its brakes can produce a maximum
retardation 10 m/s?. If motorcyclist start from point A and reach at point B. What is the minimum time in
which it can cover if distance between A and B is 1.5 km. (Given : that motorcycle comes to rest at B)

(A) 30 sec (B) 15 sec (C) 10 sec (D) 5 sec
KM0053
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10.

ALLEN .

The acceleration of free fall at a planet is determined by timing the fall of a steel ball photo —electrically.

The ball passes B and C attimes t, and t, after release from A. The acceleration of free fall is given by

Point of
release
A O
Light > B
beam T I]‘\
Photoelectric
i’ cell
| c /
Light >
beam I:|
D ground
TETTTTITIR T
2h h 2h 2h
(A) B) —— ©) 5 D) 55—
-t L -y L, -1 t,+1

KMO0054

A particle has an initial velocity of 9 m/s due east and a constant acceleration of 2 m/s* due west.
The distance covered by the particle in the fifth second of its motion is :-
(C)2m (D) none of these

(A)0 (B)0.5m

KMO0055

A physics teacher finds a scrap of paper on which one of his students has written the following equation :
02 —52=2 x(-9.8) x x; of which of the following problem would this equation be part of the correct

solution?

(A) Find the speed of an object 5 seconds after it was dropped from rest.

(B) Find the distance of an object has fallen 5 seconds after it was released from rest on Earth.
(C) Find the height from which a ball when released will strike the ground with a speed of 5 m/s.
(D) Find the maximum height to which a ball will rise if it is thrown upward with an initial speed of

Sm/s.

KMO0056

A ball dropped from the top of a building passes past a window of height h in time t. If its speeds at the top
and the bottom edges of the window are denoted by v, and v, respectively, which of the following set of

equations are correct?

(A)v,~v, =gtand (v,~v)t=h
(C)v, v, =gtand (v,~v )t=h

ol

le

(B) v,~v,=gtand (v,* v )t=2h
(D) None of the above.

KMO0057
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11.  Abody falls freely from rest. It covers as much distance in the last second of its motion as covered in the
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12.

13.

14.

15.

first three seconds. The body has fallen for a time of :
(A)3s (B)Ss (C)7s (D)9s

KMO0058
A ball is thrown vertically upward with initial velocity 30 m/sec. What will be its position vector at time
t = 5 sec taking origin at the point of projection, vertical up as positive y-axis and horizontal as
X-axis :-
(A)(0,25) (B) (0,20) (©) (0, 45) (D) (0,5)

KMO0059
A particle is thrown upwards from ground. It experiences a constant resistance force which can produce
retardation 2 m/s’. The ratio of time of ascent to the time of descent is [g= 10 m/s?]

2 2
(A)1:1 B) @ © 3 (D) \f
KMO0060

A body of mass 'm'is travelling with a velocity 'u'. When a constant retarding force 'F' is applied, it comes
to rest after travelling a distance 's . If the initial velocity is '2u', with the same force 'F', the distance
travelled before it comes torestis's,'. Then

S
(A)s,=2s, B)s,= E (©)s,=s, (D)s,=4s,
KMO0061
A ball is thrown vertically upward with initial velocity 30 m/sec. What will be its position vector at time
t=15 sec, taking origin at 45 m above the point of projection, vertical up as positive y-axis and horizontal

as X-axis ;-

(A) (0,-25) (B) (0,-20) (C) (0,45) (D) (0,-5)
KM0062
Motion with variable acceleration & calculus
16. Ifs=2t3+3t>+2t+ 8 then the time at which acceleration is zero, is :-
1 1
(A)t= 5 B)t=2 O)t= NG NG (D) Never
KM0063
17. Velocity of a particle varies with time as v = 4t. The displacement of particle between t = 2 to
t=4sec, is :-
(A)12m (B)36m (C)24m (D)6m
KMO0064
18. A point mass moves with velocity v = (5t-t*) ms™! in a straight line. Find the distance travelled
(i.e. Jvdt ) in fourth second.
31 29 37
(A) o m (B) o m ©) o m (D) None of these
KMO0065
19.  Aparticle is projected with velocity v, along x—axis. The deceleration on the particle is proportional to the

square of the distance from the origin i.e., a=—ox>. The distance at which the particle stops is:—

3v, 3v, ; 3V0 3v; :
(A) 4 20 (B) (Ej ©) D) (aj

KMO0066




T Py

20.

21.

22,

23.

24.

ALLEN .

The acceleration vector along x—axis of a particle having initial speed v changes with distance as

a= /x . The distance covered by the particle, when its speed becomes twice that of initial speed is:-

(A) (% v, )3 (B) (% v, )3 © (% v, )3 (D)2v,

KMO0067

For a particle moving in a straight line the position of the particle at time (t) is given by

t3

X= i > — 9t + 18 m. What is the velocity of the particle when its acceleration is zero :-

(A) 18 m/s (B)-9 m/s (C)—11m/s (D) 6 m/s

KMO0068

A particle moves along a straight line such that at time t its displacement from a fixed point O on the line is

3t?—2. The velocity of the particle when t =2 is:
(A)8ms! (B)4 ms™! (C)12ms! (D)0

KM0069

Temperature of'a body varies with time as T= (T, + at* + B sint)K, where T, is the temperature in Kelvin
att=0sec. & a =2/n. K/s* & 3 =—4 K, then rate of change of temperature att = nsec. is

(A)8K (B) 8°K (C) 8K/sec (D) 8°K/sec

KM0070

The velocity of a particle moving on the x-axis is given by v=x?+x where v is in m/s and x is in m. Find

its acceleration in m/s? when passing through the point x =2m
(A)O B)S5 O) 11 (D)30

Question based on graph

25.

26.

KM0071

The graph shown is a plot of position versus time. For which labeled region is the velocity positive and the

acceleration negative?

(A)a (B)b ©)c (D)d

KMO0072

The graph shows position as a function of time for two trains running on parallel tracks. Which statement is

true? A
position

B

time

B
(A) At time t;, both trains have the same velocity.
(B) Both trains have the same velocity at some time after t;.
(C) Both trains have the same velocity at some time before t,.
(D) Somewhere on the graph, both trains have the same acceleration.

KMO0073
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. ALLEN Kinematics-1D & Calculus
27. Each of the three graphs represents acceleration versus time for an object that already has a positive

28.

29.

30.

velocity at time t,. Which graphs show an object whose speed is increasing for the entire time interval
between t, and t,?

II

(A) graph I, only (B) graphs I and I, only
(C) graphs I and 111, only (D) graphs I, 11, and 111

KMO0074
Acceleration versus time graphs for four objects are shown below. All axes have the same scale. Which
object had the greatest change in velocity during the interval?

z

acceleration £

(B) ©) (D)

time [y time L time T time g
KMO0075
A body initially at rest, starts moving along x-axis in such a way so that its acceleration vs displacement plot

acceleration £

acceleration £°
ion &

acceleration &

is as shown in figure. The maximum velocity of particle is :-

(A) 1 m/s (B)6m/s (D) none

KMO0076
A particle is moving along a straight line such that square of its velocity varies with time as shown in the

figure. What is the acceleration of the particle att=4s?

V2(m2s—2)
A
/)
0 4 > t(S)
(A) 4 m/s? (B) 1/4 m/s? (C)12m/s? D)o

KMO0077
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31. The graph bel