Vector and Motion in a Straight Line

VECTORS

The physical quantities in physics are divided into two groups viz. scalars and vectors. Those physical
guantities which have magnitude only are called scalars e.g., mass, length, temperature, speed etc.

A physical quantity that has both magnitude and direction and also obeys the laws of vector addition is
called a vector.

A vector is represented graphically by a straight line with an arrowhead as shown in figure. The length of
line (OA) represents the magnitude of the vector (on suitable scale) and the arrowhead’ indicates its direction.

o i » A
Discussion: The following points are worth noting:
Q) The magnitude of a vector is a scalar and is always positive.

(i) The magnitude of a vector is also called modulus of the vector and is esented byfenclosing the
vector symbol between two vertical lines. For example, the modulus of t vector S will

be represented as |S|.

(iii)  Vectors can be added, subtracted and multiplied. H
not a valid operation in vector algebra. It is
possible.

Broadly speaking, vectors are of two types:

Polar vectors: The vectors which have a starti

Axial vectors: The vectors which representfo
with right hand screw rule are called axia

Example:
Angular velocity, torque, angula entum, etc. are axial vectors. As shown in figure, axial vector will
have its direction along its axis of ro dependinglon its anticlockwise or clockwise rotational effect.

of a vector by another vector is
a vector by a direction is not

ication are called polar vectors.
ct along the axis of rotation in accordance

. Axis of
Axial vector rotation
Axis of Axial vector
rotation

Some Definitions in Vector Algebra

s are said to be equal if they have the same magnitude and the same direction.

V¢ /
_—
0 /
00— —
4 o~ B
(i) Negative of a vector

A vector is said to be negative vector of a given vector if its magnitude is the same as that of the
given vector but its direction is opposite.
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Vector and Motion in a Straight Line

z

a——- b

b4——r ¢
A

(iii) Unit vector
A unit vector is a vector that has a magnitude of 1 and has the same
direction as that of the given vector. A unit vector of the given Y
vector is a vector of unit magnitude and has the same direction :

as that of the given vector. Any vector A can be written as:
A =AA \

Here A is the magnitude of A and A'is the unit vector whose

magnitude is 1 and direction is the same as that of A. In ——):—X
rectangular coordinate system, these wunit vectors are /é‘/ i

calledi, j and k; they point respectively along positive X, Y z

and Z axes.

(iv) Zero vector
A vector that has zero magnitude is called zero vector or nullveetor. A zero vector or null vector is
represented by 0. Example
() The velocity vector of a stationary object is zere vector.
(b) The acceleration vector of an object moving with'uniformuwelo€ity is a zero vector.
(c) The position vector of the origin of the coordinate axes is a zero vector.

(V) Fixed Vector:
The vector whose initial point is fixed is calledha fixed vector or a localized vector. For example, the
position vector of a particles a fixed vector becauserits initial point lies at the origin.

(vi) Free vector:
A vector whose initial_point s not fixed is called a free vector or a non-localized vector. For
example, the velocityvector of aparticle moving along a straight line is a free vector.

(vii)  Collinear vectars
The vectors whicheither act along the same line or along parallel lines are called collinear vectors.
Two collinear vectors having the same direction (6 = 0°) are called like or parallel vectors. Two
collinear vectors having the,opposite directions (6 = 180°) are called unlike or antiparallel vectors.

A
- - —_—
A B
—_— .
B
—
(a) Like vectors
A
- g —
B A .
- — t » R
B
-+
(b) Unlike vectors

(viii)  Coplanar vectors
The vectors which act in the same plane are called coplanar vectors.
(ix) Co-initial vectors
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Vector and Motion in a Straight Line

The vectors which have the same initial point are called co—initial vectors. In figure, A, Band C are
co—initial vectors.

C
-
B
5
. B
A -
0 >
Co-initial vectors Co—terminus vectors

X) Co-terminus vectors:
The vectors which have the common terminal point are called co—tepminus vectors. In figure,
A, Band C are co-terminus vectors.

1. Position vector: The position vector of an object is the vector from the origin O of, the coordinate
system to the position of the object.
Y
Py(x, 1)
<y
_)
T Py(x, y2)
>
r;
o X
2. Displacement vector: Displacement{is a vector quantity “and is called displacement vector.

Displacement vector is a vector that points from object’s initial position to its final position and
whose magnitude is equal to the straight line'distance between the two points.

Position vector, OPy& X,i+Y,]
Position vector, OT’Z = x2?+y2]
Displacement¥éetor, P,P,= Final position — Initial position
= 0Gi+y2D) - (i +y1))
PP, = (X, —x,) i + (¥, ~¥1)]

Composition of vectors

The resultant of two or more vectors is that single vector which produces the same effect as the individual
vectors together would produce. The process of adding two or more vectors is called composition of vectors.

As the vectorsthave, both magnitude and direction, so they cannot be added by using ordinary rules of
algebra. Vectors can be added geometrically. The following three laws of vector addition can be used to add
two or more vectors having any inclination to each other.

Q) Triangle law of vector addition for adding two vectors.

(ii) Parallelogram law of vector addition for adding two vectors.

(iii) Polygon law of vector addition for adding more than two vectors.
Q) Triangle Law of Vector Addition

If two vectors acting simultaneously at a point are represented in magnitude and direction by two sides of a
triangle taken in the same order, then third or closing side of the triangle taken in the opposite order
represents their resultant in magnitude and direction.
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Vector and Motion in a Straight Line

Here vectors A and Bare represented in magnitude and direction by the two sides of a triangle taken in the
same order. The third or closing side of the triangle taken in the opposite order represents their resultant
R in magnitude and direction.

R=A+B

=l

A
(a) (b) .
(i) Parallelogram Law of Vector Addition: If two vectors acting simultaneously
at a point are represented in magnitude and direction by the twosadjacent 3
sides of a parallelogram, then the diagonal of the parallelogrampassing
through that point represents their resultant in magnitude and direction.

A and Bare represented in magnitude and direction by the adjacent sides‘ef A

the parallelogram. Then diagonal of the parallelogram™passing through
point O represents their resultant R in magnitude and direction.
The resultant vector R is represented in magnitutle andidiréction from the
tail of the first wvector to the tip\of the Ilast vector.
0S=0P+0Q or R=A+B

(iii)  Polygon law of vector addition
If a number of vectors acting simultaneously at a point are represented in magnitude and direction

by the sides of a polygon taken in the same-order, then closing side of the polygon taken in opposite
order represents the resultant’in magnitude and direction.

Suppose we wish to .add four vectors A, B,Cand D, as shown in figure. Draw vector
OK =A. Move vectorssB, C and'D parallel 10’ themselves so that the tail of B touches the head of

A, the tail of Ct0uches the head of Biand the tail of D touches the head of C, as shown in figure.
According to”the polygon law, the closing side ON of the polygon taken in the reverse order
represents the resultant/R. Thus

e
PR
7

R=A+B+C+D

—
B

Proof: We apply triangle law of vector addition to different triangles of the polygon shown in figure.
In A OKL, OL = OK+KL=A+B
In AOLM, OM=0OL+LM=A+B+C
In AOMN, 6N=6M+WN=A+§+C+D
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Vector and Motion in a Straight Line
or R =A+B+C+D
This proves the polygon law of vector addition.

Examples based on Composition of Vectors

Ex.1 Isthe flying of a bird an example of composition of vectors? Explain.
Flight of a bird: When a bird flies, it pushes the air with forces F;
and F, in the downward direction with its wings W, and W,. The
lines of action of these two forces meet at point O. In accordance
with Newton’s third law of motion, the air exerts equal and opposite
reactions R; and R,. According to the parallelogram law, the
resultant R of the reactions R; and R; acts on the bird in the upward
direction and helps the bird to fly upward. 0

Ex.2 Isthe working of a sling based on the parallelogram law of vector
addition? Explain.
Working a sling. A sling consists of a Y-shaped wooden or
metallic frame, to which a rubber band,is attachedyas shown_in
figure. When a stone held at the point,O on the rubber band:is
pulled, the tensions T, and T, are produced along OA and OB in
the two segments of the rubber band., According to the
parallelogram law of forces, the resultant T of the tensions T, and
T, acts on the stone alongOC. As the stone is released, it moves
under the action of the resultant tension T inyforward direction with

a high speed.
Analytical Method of Vector Addition
1. Triangle law of vector addition

Let two vectors Pand Qbe repfesented in magnitude and

directioh by the sides OAvand,AC of a triangle OAC taken in the

same order. Then accordingto triangle law of vector addition, the
third or ‘closing side of the triangle taken in the opposite order

represents the resultant R (:&f) in magnitude and direction. Let

R makéan.angle o with P i.e., (figure) ZAOC = a.
Q) Magnitude ofiResultant: From C, draw CD perpendicular to OA produced. Suppose ZCAD = 6.
0 is the angle between the two vectors.
In the right angled triangle ODC, (OC)? = (OD)? + (CD)? = (OA + AD)? + (CD)?
As in right angled triangle ACD, AD = Q cos0 and CD = Q sinf
R?= (P + Q cos 0)? + (Q sin 0)?
= P? + Q% cos’0 + 2PQ cos0 + Q* sin’ O
= P2+ Q% (sin? © + cos°0) + 2PQ cosd
=P?+ Q”+ 2PQ cos 0 (- sin*0 + cos’0 = 1)

R= ,/P?+Q%+2PQcosd .. ()
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Vector and Motion in a Straight Line
(i) Direction of resultant. From right angled triangle ODC,

_ CD CD Qsin6
tana= —= =
OD OA+AD P-+Qcos6
tano = —29N0 . (i)
P+Qcos6

Thus, the magnitude of the resultant is given by equation (i) and the direction of R with P is given
by equation (ii).

2. Parallelogram law of Vector Addition
Let two vectors P and Q be represented in magnitude and direction by

the adjacent sides OA and OB of the parallelogram OACB (see figure).
Suppose the angle between the vectors is 0 i.e., ZAOB = 6. According to
parallelogram law of vector addition, the diagonal ocC represents the
resultant R = (=&f) in magnitude and direction. Suppose R makes
angle o with P i.e., ZAOC = q.
Q) Magnitude of resultant: From C, draw CD perpendicular on OA produced. From geometry,
/DAC=6. In right angled triangle ODC,
(OC)? = (OD)’ + (CD)? = (OA + AD)? +(CD)?
R?= (P + Q cos 0)?+ (Q sin 0)? [--JAD = Q cos 6; CD = Q sin 6]
= P? + Q? cos?0 + 2PQ cosO + Q?sin’ 0
= P?+ Q* (sin? © + cos® 0) #2PQ cos 0
= P>+ Q*+ 2PQ cos 0

R=4/P?+Q? + 2PQ cos0 ... (i)
(i) Direction of resultant. Frem right angled triangle'ODC,
_CD CD Qsin©®
tano = —= =
OD#"OA+AD" P+Qcosf
tanoc:ﬂ ... (1v)
P+Qcos6

Thus, the magnitude of the resultant is given by equation (iii) and the direction of R with P is given
by equation (iv).

Different cases:

@) When the'vectors act along the same direction i.e., 6 = 0°

R=4/P?+Q? +2PQcos0°’ =,/ (P+Q)? .- R=P+Q
Q'sin 0° Q)

tan o = = =0 a=0°
P+Qcos0® P+Q()
Therefore, the magnitude of the resultant of two vectors in the same direction is equal to the sum of

the magnitudes of two vectors and the direction of the resultant is along the direction of P and Q.

(b) When the vectors are at right angles i.e., 6 = 90°
R=y/P?+Q?+2PQc0s90° =/P? +Q?
Qsin90° _ QM@ Q Q

P+Qcos90° P+Q(0) P P
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Vector and Motion in a Straight Line
(c) When the vectors act along opposite directions i.e., 6 = 180°

R :\/P2 +Q? +2PQcos180° :\/p2 _Q?

R=P-Q
H 0
tam o = Qsin 180 _ 0](0)] _
P+Qcos180° P+Q(-1)
o =0° 180°

Thus the magnitude of the resultant of two vectors acting in the opposite directions is equal to the
difference in the magnitudes of the vectors. The resultant acts in the direction of the larger vector.

Subjective Assignment — |

Q.1  The angle between two vectors of equal magnitude is 120°. Prove that the magnitude of their
resultant is equal to either of them.

Q.2  Two forces of 30 N and 40 N are inclined to each other at an angle of 60°. Find their resultant. What
will be the angle if the forces are inclined at right angles to each other?

Q.3 The resultant of two equal forces acting at right angles to each other is:1414 N. Find/the magnitude
of each force.

Q.4  The magnitude of two vectors are equal and the angle between them is 6. Show that their resultant
divides angle 6 equally.

Q.5  The sum of the magnitudes of two forces acting at a\point.iss&8'N'and the magnitude of the resultant
is 12 N. If the resultant is at 90° with the force of smaller magnitude, what are the magnitudes of
forces?

Q.6 A particle has a displacement of 12 m_toward eastiand 5 myteward north and then 6 m vertically
upward. Find the magnitude of the resaltant displacement.

Q.7 A person moves 30 m north, then 200 m, east and finally 30v/2 m south-west. What is the
displacement form the original position?

Q.8
Q.9

Q.10 Auboy travels 10 m due north and then 7m due east. Find the displacement of the boy.
Q.11 Findtheresultant of two forces, one 6N due east and other 8 N due north.
Q.12  Calculate the‘angle between a 2N force and a 3N force so that their resultant is 4N.

Q.13  The resultant vector of P and Q is R. On reversing the direction of Q, the resultant vector becomes
S. Show that: R* + $?= 2 (P? + Q%)

Q.14  Two equal forces have the square of their resultant equal to three times their product. Find the angle
between them.

Q.15 At what angle do the two forces (P + Q) and (P — Q) act so that the resultant is /3P%+Q?.

Q.16 A particle is acted upon by four forces simultaneously:
(@) 30 N due east (b) 20 N north (c) 50 N due west and (d) 40 N due south.
Find the resultant force on the particle
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Vector and Motion in a Straight Line
Q.17 Two boys raising a load pull at an angle to each other. If they exert forces of 30 N and 60 N
respectively and their effective pull is at right angles to the direction of the pull of the first boy, what
is the angle between their arms? What is the effective pull?

Q.18  Find the angle between two vectors P and Q if resultant of the vectors is given by R? = P? + Q%

ANSWers

2. 60.83 N, 53.06° 3. 1000 N 5. Q=13NandP=5N 6. 14.32m
7. 10 m west 10. 1221 m,of N 11. 10N, 53° with 6 N fafce
12. 75°31 14. 60° 15. 60° 16. 20v2N, 45° south of west
17.  120°, 30J3 N 8.  90°
Q) Multiplication of a vector by a real number: If we multiply a vector ‘A by a real positive number
n, we get the vector n A which has the same direction as A and magnitude nAvi.e
nA=n(A)

Thus the magnitude of the vector becomes n times while its direetion remains unchanged. If a vector
is multiplied by a negative real number (i.e.,4 n), the magnitude of the vector becomes nA but

direction is opposite to that of A i.e.,
—n(A)=—nA
(i) Multiplication of a vector by a scafar: If.we multiply avector A by a scalar S, the result is another
vector with direction of A but magnitude SAuIf S is negative, S A has a direction opposite to that of

A

(iii)  Vector addition obeys/commutative law: According to this law, the resultant of the vectors
remains the same in whatever-arder they may be added.

R=A+B<BrA
_)
A
R =}
B . 28
B R
%
A
> o> >
ReA sl R=B+A

(iv) Vector addition obeys associative law: According to this law, the resultant of the vectors remains
the same in‘whatever grouping they may be added.

(A+B)+C=A+(B+C)

ol
TC
+
T;S 7
<
_)

Subtraction of Vectors

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 8



Vector and Motion in a Straight Line

In order to subtract vector B from vector A, first reverse the direction of I§, thus producing — B. Then add
A and (—B) by parallelogram law of vector addition.

R=A+(-B)=A-B

Consider two vectors A and B of the same kind and inclined to each other at an angle 6 as shown in figure.

=]

\)

0 -
(i) A (i)
(i In order to find A — B, reverse the direction of B, thus producing =B, as shown in figure. (ii) Then
find the sum of A and —B by parallelogram law of vector addition. The required difference is R and
is shown in figure (ii)
R=A+(-B)=A-B
Resolution of a Vector in a Plane
We can replace a single vector by any two (or more)«Vectors.whose sum-gives us
back the original vector. This is called resolution” of%a vector. This process of

splitting a single vector into two or more vectors in different directions_in a plane
such that their sum gives back the original vector is called resolution of a vector.

The vectors into which the given vector R is resolved (or splitted) are called the
vector components or R. Figure shows the vector, R resolved into two non—
parallel vector A and B such that:

R=A+B

Therefore, A and B are thesector components of R.

Rectangular Components of a Vector in a Plane

When a vector in a plane is resolved (i.e., splitted) into two components at right

angles to each other, the component vectors are called rectangular components r
of the vector.
Figure (i) showsia vector A in the X—Y plane. It is resolved into two rectangular e
comportents A, and A, (along X-axis and Y-axis) z
5 )

- X - X
The vector components AX and Ay are the rectangular components of vector (i)
A. Therefore, we can replace vector A by A, and A,. From the geometry of Y
figure (i), we see that magnitudes of components AX and Ay are related to the
magnitude of A by; x A

A=Acos0; Ay=Asin6 0 _ ’ X
These are x—component and y—component respectively of vector A. o Al

Ay (ii)

Direction of A with X—axis, tan 0 = =

X
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Vector and Motion in a Straight Line

We can express the vectors A, and A, in terms of unit vectors i and j.
A=A i A=A ]
A=A i+A]
Note that A(=A cos0) is not a vector; A, i is a vector. Similarly, Ay (=A sin®) is not a vector; Ay] is a

vector
Ex.1  Find the resultant of the following forces acting simultaneously at a point.
Q) a force of 50 N acting along OX axis
(i) a force of 40 N acting at an angle of 60° to OX axis
(iii)  aforce of 60 N acting 330° with OX axis.
Ans. 122N, 2.2°

Rectangular Components in Three Dimensions

Consider a vector A in space. It has three rectangular components AX, Ay and Az as shown in figure.
A=A, +A, +A,

Magnitude of A, A= \/A2+A2+A2

Note that A, is the x-component of A; A, is the y-componentiof /A and A}, is the z-component of A.

An algebraic sum is one in which the sign of quantity iste be taken into account. The component along OX
axis is positive while in opposite direction, it is negative. Similarly, eempenent along OY is positive and that
in the opposite direction is negative.

Note that A, and A, are perpendicular to eaCh other and their resultant is

R = JAZ+AJ. Now A, is L R. Therefore, magnitude of

— 2 2 2 2 2
A= JRZ+AZ = [AZ 1AL +AK .
We can also express vectorA.in terms,of unit Ao
vectors as: y
R . A ~ A
A=A i+A JTAK ) S ¥
Note that A, is not a vector; »A i is a vector. " -

Same is true for other two components: z
Addition of vector in three dimensions
Supposé that there are three vectors A, B and C in space and their sum is
R.
R=A+B+C
The three corresponding algebraic equations are:
Re=A+B,+C;R,=A,+B,+C,;R,=A,+ B, +C,
Direction cosines of vector: If o, B and y are the angles which vector A makes with X, Y and Z axes
respectively, then,

A
coso = —= or A,=Acosa

A
cosp=—>L  or A, =A cosf3
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Vector and Motion in a Straight Line

z

cosy =

or A,=Acosy

Here cos a, cos B and cos y are called direction cosines of the vector A.

Now A?= AZ+AZ+A’

or A? = A% cos? o + A% cos ?p + AZ cos’y

or 1 = cos’a + cos’B + cos?y

Therefore, the sum of the squares of the direction cosines of a vector is always unity.

Ex.1 Can the walk of a man be an example of resolution of vectors? If yes, how?
Walking of a man is an example of resolution of forces. While walking, a person presses the
ground with his feet slightly slanted in the backward direction, as shown ip/figure. The ground exerts
upon him an equal and opposite reaction R. Its horizontal component H = R cos'6 enables the person
to move forward while the vertical component V = R sin 0 balances his weight.

V=Rsin@
Ground
reaction
Slanted ()
foot (i o H=Rcos 9

¢
—_——T

—_—

LAMPI’S Theorem

According to this theorem, if a particle under the simultaneous, action.of three forces is in equilibrium, then
each force has a constant ratio with the sine of'the angle between the other two
forces.

Let three forces P, Qand R are acting on a particlesO (figure) such that the

particle in equilibrium. These forces are represented by the three sides of a triangle
taken in the same order as shown in figure.

P Q R
sinff siny Sin o

Then

Proof: Since P, Q and R areéxrepresented by the sides OA, AB and BO of a AOAB respectively, then

P R
P L R Q. .. 1)
OA“AB BO
Usings&ine formula, we get
OA BO
Q - (2

sino, “sin 0, ~sin 0,
Using equation (2) in equation (1), we get

P Q R
sin®, sinB; sind,
P Q R

sin(180—B) sin(180—y) sin(180—a)
Since sin (180 -0) =sin 0
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Vector and Motion in a Straight Line

P Q R
sinfp siny sina
Numerical Ilustration: A girl of weight 100 N hangs from the rope

extending between two poles show in figure. Calculate the tensions in the
two parts of the rope. (take cos 10° = 0.9848 and cos 20° = 0.9397)

Ans:  T;=196.96 N, T, =187.94 N

which is Lami’s theorem.

Subjective Assignment — 11

Q.1  Aforce is represented by;
F = (2i +3j+6k) newton

What is the magnitude of force?

Q.2 Two vectors are given as A=3i+9j—6k and B=8i—4j+8k. Find{A+B].

Q.3 The components of a vector A are A, =0; Ay = 22. The components of vector B arg B, =332 and
B, = —33.2. Write the vector (i) in unit vector notation and,(ii) perform the additiont

Q.4  Determine the vector which when added to the resultant of A=3i—5j+7k and B=2i+4]—3k gives
unit vector along y—direction.

Q5 The x— and y — components of A are 4 afid 6 and those of A+ B are 10 and 9. Find the
components, magnitude and direction of B.

Q.6  Given A=(2i+3j+4k) and B=(3i—5j+k). Find the angle between A and B.

Q.7  If A=3i+2]jand B=i—2j+3k, find the magnitude of Al+ B and A—B.

Q.8  Find the unit vector parallel to the resultant of thewectors A=2i—6j—3kand B=4i+3j—k.

Q.9  Determine the vector whichwhen added to the resultant of A = 2i—4j—6k and B=4i+3j+3k gives
the unit vector along z-axis.

Q.10  Find the value ofd in the unit vector 0.4i4 0.8+ Ak.

Q.11  Given three coplanabvectors a=4i—j, b=—3i+2]j and ¢=—3]. Find the magnitude of the sum of the

three vectors.

Q.12 A foree is inclined at 30%toythe horizontal. If its rectangular component in the horizontal direction is
50 N, find the magnitude of the force and its vertical component.

Q.13 A velocity.of 10 ms ™ has its y—component 5v2 ms™. Calculate its X—component.

Q.14" An.aeroplane takes off at an angle of 30° to the horizontal. If the component of its velocity along the
horizontal.is'200 km h™*, what is its actual velocity? Also find the vertical component of its velocity.

Q.15 A child pulls.a rope attached to a stone with a force of 60 N. The rope makes an angle of 40° to the
ground. (i) Calculate the effective value of the pull tending to move the stone along the ground.
(ii) Calculate the force tending to lift the stone.

Answers

1 7N 2 V150
3 (i) A=0i+22]; B=33.2i —33.2], (i) 33.2i —11.2] 4. —5i+2j—4k
5. 26.56° with x—axis 6 90°
7 5,129 8. 1//61(6i —3j—4k) 9 —6i+]+4k
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Vector and Motion in a Straight Line

10. /0.2 11. B 12.  57.74 N, 28.87 N
13. 5V2ms™ 14.  230.94kmh™ 11547 kmh™ 15. (i) 45.96 N, (ii) 38.57 N

Multiplication of Vectors

The following two kinds of multiplication operations for vectors:

Q) Multiplication of one vector by a second vector so as to produce a scalar. It is called scalar product
or dot product of two vectors.

(i) Multiplication of one vector by a second vector so as to produce a vector. It is called vector product
or cross product of two vectors.

Scalar or Dot Product

Consider two vectors Aand B with angle 6 between them as shown in figure. The

scalar product of vectors A and B is defined as:
A.B = AB cos6
where A and B are the magnitudes of the vectors and 6 is the angle betweenythem 0

when their tails touch. The scalar product of two vectors A and/Biis defined as the
product of magnitude of one vector (say A) and the scalar component of the other
vector (B cos 6) along the direction of the first vector (A). B has.a:scalar €omponent

B cos 6 along the direction of A.

A.B = (A) x scalar componentof B along theidirection of A.
= (A) (B cos 0)
or A.B =ABcos 0 N

Properties of Scalar (or Dot) Product
The following properties of scalar praduct (or dot product) are worth noting:

0
(1) For given vectors Arand'B., the value of the'scalar product depends upon the L_ B _j
angle 6 betweenithem 2
Fore=0° ; A.B = AB 005 0° =AB
For 0 =180° ; A. B = AB cos180° = — AB
Forb=90° ; A B = AB cos 90° =0
Thus the'dot product of two mutually perpendicular vectors is zero.

(i)

(i) The dot product of two vectors obeys commutative law.
A.B=A(Bcos 0) = AB cos 0
B.A=B(A cos 6)=AB cos 6
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Vector and Motion in a Straight Line

A.B=B.A
This simply means that order of vectors in the dot product does not matter.
(iii)  The dot product obeys the distributive law. If C = A + B, then,
D.C=D.(A+B)
=D.A+D.B
or D.C=D.A+D.B
(iv) The dot product of a vector with itself gives square of its magnitude.
A.A=(A)(A)cos0°® (6=0°) .. A A=A?
Examples of dot product of two vectors
(i) Work done, W=FScos6= F.S

Thus work done by a constant force is the dot product of force (F)‘andhdisplacement (S ).
(i) Instantaneous power, P = Fv cos0 = F. V

Thus instantaneous power is the dot product of force (F).dnd velocity (V).

Unit Vectors and the Dot Product

(1) Since i is parallel to i (i.e., = 0°) and each has.a unitimagnittide,
i.i=(1) (1) cos0®=1. Similarly, j.j< Tand k.k =1.
ii=jj=kk=1

(i) Since i and j are perpendicular and“each has a unit magnitude,
i.j = (1) (1) cos 90° = 0. Similarly, i 2k =0 and j.k =0
i.j=i.k=j.k=0
Consider two three—dimensional vectorshA and B. These can be expressed in the rectangular form as:
AzAthy ]+AZI2 ; I§=Bxi+ By]+ BZR
AB=(AI#A JH A K).(B 4B, j+B,k)
With the distributive law, it will yield,
A.B=A,B, +A B)¥A,B
This is a very useful relation.

z

o A,B, +A B, +A,B
AlsO ANB=AB cos 0 . coso= AB_ ABHAB A,
AB AB

Thus we can find the'angle 6 between the vectors A and B.

Subjective Assignment — 111

Q.1 If R=A-B, show that R’ = A% + B> — 2AB c0s0 where 0 is the angle between A and B.

Q.2 Find the angle between the vectors A=3i+2j+k and B=5i—2j—3Kk..

Q.3  The sum and difference of two vectors are perpendicular to each other. Prove that the vectors are
equal in magnitude.

Q.4  The sum and difference of two vectors are equal in magnitude i.e. |[A+B| = |A—B|. Prove that
vectors Aand B are perpendicular to each other.
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Q.15
Q.16

Q.17

Q.18

Vector and Motion in a Straight Line
If the magnitudes of two vectors are 3 and 4 and the magnitude of their scalar product is 6, find the
angle between the vectors.

Prove that vectors A=i+2j+3k and B=2i—] are perpendicular to each other.
The resultant vector of P and Q is R. On reversing the direction of Q, the resultant vector becomes
S. Show that: R*+ S?=2(P* + Q%)

If unit vectors A and Bare inclined at an angle 0, then prove that: |A—I§|=Zsing

Find the magnitude and direction of vector i + j.

Find the unit vector parallel to the resultant of vectors A = 2i—6j—3k andB=4i+3j—k.

Find the angle between the vectors A=2i—4j+6k and B=3i+ j+ 2k.

Find the value of m so that the vector 3i—2j+k is perpendicular tofthe vector 2i+6j%mk.

Under a force of 10i —3j+6k Newton, a body of mass 5kg is displaced from the position 6i+5j—3k
to the position 10i —2j+7k. Calculate the work done.

The sum and difference of two vectors A and B dre A+B=2i+6j+k and A—B=4i+2j-11k.
Find the magnitude of each vector and their scalar product-A%B.

A force F=5i+4j Newton displaces a body through S=3i+4k metre in 3s. Find the power.

If the resultant of the vectors 3i+4j+5k and 5i+3j#4k makes an angle 0 with x—axis, then find
cos 6.

If vectors A, B and C have magnitudes 8, 25 and 17 units and A+B=C, find the angle between
A and B.

Prove that: (A+2B). (2A—3B)=2A%+AB tos 0—6B?

ANSWers

2.

10.

13.
16.

69.5° 5. 60° 9. V2, 45°
6 » 3 . 4ua

| = i- k 11.  60° 12. 6
Je1d o1t 61
1211 14. 50, V41, —25 15. 5W
0.5744 17.  90°

Vector Product or Cross Product

Consider two vectors A and B as shown in figure, where the angle 6 is the smaller of the angles between

the two vectors. The vector or cross product of vectors A and B is another vector C given by:

C=AxB

It is called vector product of vectors A and B because C is itself a vector.
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Vector and Motion in a Straight Line
C=7xF C=2x¥

[~/

plane of /

Aand B
0] (if)

The vector C is perpendicular to the plane containing A and B and its direction is given by right-hand

rule.

Properties of Vector Product

The following are the important properties of vector product or cross product:

(1) For given vectors A and B, the value of the cross product for anglef@0° between them is equal to the
product of magnitudes of the two vectors i.e.,
For6=90°, A x B=ABsin90°=AB

(i) The cross product of two vectors does not obey commutatiVe law i.e., A x B # Bx A. Thus referring
to figure, the direction of vector A x B is opposite(to that of vector B x A. Since the magnitude in

each case is AB sin 0, it follows, therefore, thatéA x B== (Bx A)
OB Cf

_)

A

-
B

. Pxi

A
(iii)  The cross product of a vector with itself is zefo i.e., AxA =0
(iv) Suppose two vectors Aand B are parallel‘or antiparallel. The angle 6 between them is either 0° or
180°. Then A% B = 0. The cross product of parallel (or antiparallel vectors) is zero.
(v) The cross product obeys distributive law i.e.,
Ax(B+C)=AxB+AxC
(vi) The magnitude of the cross product of two vectors is equal to the area of parallelogram formed by
them.
Suppose two vectors Aand B are represented in magnitude and direction by the two adjacent sides

OM and'OL of the parallelogram OLKM (figure). The area of the parallelogram is given by:
=OL x MN =B(Asin 6) = AB sin 0
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Vector and Motion in a Straight Line

But AB sin 0 is the magnitude of the cross product A x B. Therefore, the magnitude of the cross product of
two vectors is equal to the area of the parallelogram formed by them.

Examples of cross product of two vectors

(1) Linear velocity, V=wmxT

Thus linear velocity of a particle in rotational motion is equal to the cross product of its angular
velocity (@) and displacement vector (T)

(i) Centripetal acceleration, @, =®x V

Thus the centripetal acceleration of a particle in rotational motion is equal to the cross product of its
angular velocity (®) and its linear velocity (V).

Unit Vectors and the Cross Product

(M Let us evaluate i x i. The result is zero. It is because the two vectors are parallel*(sin 6 = 0) and each
has a unit magnitude.

ixi=(1)(1)sin0°=0
Similarly, j J Oandkx k=0
ixi=jxj=kx k=0
(i) To evaluate i x j, refer to figure which shows the Unit vectof§'6n,XYZ — coordinate system. The
magnitude of each unit vector is 1 and so the/fnagnitude of i x jis 1jie., i x j| = (1) (1) sin 90° = 1.
The direction of i x j is given by the right—hand rule,and from.figdre, it is along the positive Z—axis.
But this is just the unit vector k. Thefefore, we have i % ]:k Simply reversing the order of the unit

vectors gives jxi=-Kk.

iX]Z—(]Xi)ZR A A
. . . . i i
Similarly i x k="(kxj)=i /’ \ / ‘\
and kot ==(i%xKk)=] A \ » A
- - k i k i
Consider three" dimensional vectors A and B. ~ —_—

These vectors can be expressed in terms of rectangular vectors as:
A=A IPA j+A,k B=B,i+B,j+Bk

>
x>

AxB=|A, A,
B

X y z n

k
AZ
B

w > _,

.

Another way'to express the result is
AxB=C=C,i+C,j+C,k X
Cy=A,B,-A,B,: C,=A,B,-AB,; C,=A,B,-A/B,

X—z1

Subjective Assignment — IV
Q.1  Find the cross product of vectors A = 2i and B=—2i+4]

Q.2 Determine the area of the parallelogram whose adjacent sides are 2i+j+3k and i — j.

Q.3 Show that vectors A = i—5j and B=2i—10j are parallel to each other.
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Vector and Motion in a Straight Line

Q.4  Find aunit vector perpendicular to both the vectors A = 3i+j+2k and B=2i—2j+4k.
Q.5  If A=i+3j+2k and B=3i+j+2k, then find the vector product A x B.

Q.6 Prove that the vectors A= 4i + 3j + k and B=12i + 9] + k are parallel to each other.
Q7 If A=2i+3j+kand B =3i+2]j+4Kk, then find the value of (A+B) x (A—B)

Q.8  Find the value of a for which the vectors 3i+3j+9k and i+aj+3k are parallel.

ANSwWers

A

. . i—j-k
1. 8k 2. 33 Sg. units 4,
\3
5, 4i+4j-8k 7. —20i +10j +10k 8. a=1

Conceptual Questions

Q.1 A andB are two vectors, can A + B be zero?

Q.2  Canthree vectors (i) lying in a plane (ii) not lying in a plane give zero resultant?

Q.3 What is the condition for zero resultant vector for more than three vectors acting simultaneously on a
particle?

Q.4  If AxB=Cx B, showthat C need not be equal td A. When will A be equal to C.

Q5 Does a scalar quantity depend on the frame of referencerchosen?

Q.6 Does it make a sense to call a physical quantity awector, when its magnitude is zero?

Q.7  Can a vector be multiplied by both dimensional and'non—dimensional scalars?

Q.8  Can magnitude of the rectangular component of a vector be greater than the magnitude of that
vector?

Q.9  What is the vector sum of n coplanar forcesyeach of magnitude F, if each force makes an angle of
2n/n with the preceding force?

Q.10 What is the condition for twio, vectors to be collinear?

Q1 Pick out the only vecter.quantity'in the following list: Temperature, pressure, impulse, time, power,
total path length, energy, gravitational potential, coefficient of friction, charge.

Q.2  State with reasons, whether the following algebraic operations with scalar and vector physical
quantities are meaningful;

(a) Adding any two scalars. (b) Adding a scalar to a vector of the same
dimensions.

(c) Multiplying any vector by any scalar. (d) Multiplying any two scalars.

(e) Adding any two vectors. (f) Adding a component of a vector to the same
vector.

Q.3 Readeach statement below carefully and state with reasons, if it is true or false:
(a) The magnitude of a vector is always a scalar.
(b) Each component of a vector is always a scalar.
(c) The total path length is always equal to the magnitude of the displacement vector of a particle.
(d) The average speed of a particle (defined as total path length divided by the time taken to cover
the path) is either greater or equal to magnitude of average velocity of particle over same interval of
time.
(e) Three vectors not lying in a plane can never add up to give a null vector.
Q4 Establish the following vector inequalities geometrically or otherwise:

(@ |a+b|<|a|+|b|  (b)|a+b|>|a|-|b]  (c)|a-b|<|d|+|b]  (d) |a—-b|>|a|-|b]
When does the equality sign above apply?
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Vector and Motion in a Straight Line

Q.5 Given d + b + ¢ + d=0, which of the following statements are correct:
(@) a, b, ¢ and d must each be a null vector,
(b) The magnitude of (3+¢) equals the magnitude of (b-+d),
(c) The magnitude of @ can never be greater than the sum of the magnitudes of b, ¢ and d,

(d) b + € must lie in the plane of @ and d if dand d are not collinear, and in the line of 4 and d, if
they are collinear? Q

Q.6 Three girls skating on a circular ice ground of radius 200 m start from a point P on
the edge of the ground and reach a point Q diametrically opposite to P following
different paths as shown in figure. What is the magnitude of the displacement vector
for each? For which girl is this equal to the actual length of path skated?

Q.7  On an open ground, a motorist follows a track that turns to his left by an angle of,60° P
after every 500 m. Starting from a given turn, specify the displacement of the moterist at the third,
sixth and eighth turn. Compare the magnitude of the displacement with, total path length covered by
the motorist in each case.

Q8 (3 If iand j are unit vectors along X— and Y-axis respectively, then what«is the magnitude
and direction of i + jand i — j?
(b)  Find the components of 2=2i + 3j along the.directions'ofvectors i + j and i — j

Q.9 Read each statement below carefully and state, with reasons and examples, if it is true or false: A
scalar quantity is one that (a) is conserved in a pracess, (b)_can never take negative values, (c) must
be dimensionless, (d) does not vary from one point'te anothersin space, (€) has the same value for
observers with different orientations of axes.

Q.10 A vector has magnitude and direction. Daes,it have a location in space? Can it vary with time? Will

two equal vectors & and b, at different locations in' space necessarily have identical physical
effects? Give examples in sipport of your answer.

Q.11 A vector has both magnitudesand direction. Does it mean that anything that has magnitude and
direction is necessarily.a vector? The rotation of a body can be specified by the direction of the axis
of rotation, and the"angle of rotation aboutdhe axis. Does that make any rotation a vector?

Q.12 Can you associate, vectors with (a) ‘the length of a wire bent into a loop, (b) a plane area, (c) a
sphere? Explain.

Q.13  State for each of the following physical quantities, if it is a scalar or a vector: volume, mass, speed,
acceleration, density, number of moles, velocity, angular frequency, displacement, angular velocity.

Q.14  Pick out the two scalar quantities in the following list: force, angular momentum, work, current,
linear mamentum, electric field, average velocity, magnetic moment, reaction as per Newton’s third
law, relative velocity.

ANSWers

1. Impulse 2. (a) No, (b) No, (c) Yes, (d) Yes, (e) No, (f) No

3. (a) True, (b) False, (c) False, (d) True, (e) True

5. (a) incorrect, (b) correct, (c) correct (d) correct

6. Displacement of each girls = W}z 400m, For girl B the magnitude of displacement vector = actual
length of path

7. (i) displacement = 1 km, Total path length = 1.5 km (ii) displacement = zero, Total path length = 3
km

(iii) displacement = 866 m, Total path length = 4 km
8. (a) V2,0=45% V2, p=—-45°(b) Sm, —%(?—])
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Vector and Motion in a Straight Line

9. (a) False, (b) False, (c) False, (d) False, (e) True

11. No, anything that has both magnitude and direction is not necessarily a vector. It must obey the laws
of vector addition. An infinitesimally small rotation is considered a vector.

12. Only a plane area can be associated with a vector.

13. Scalar: Volume, mass, speed, density, number of moles and angular frequency.

Vectors: Acceleration, velocity, displacement and angular velocity.
14. Work and current
Single Choice Type Questions
Q.1  The sum and difference of two perpendicular vectors of equal lengths are
(a) also perpendicular and of equal length
(b) also perpendicular and of different lengths
(c) of equal length and have an obtuse angle between them
(d) of equal length and have an acute angle between them
Q.2  The minimum number of vectors having different planes which can be added to give zero resultant is
(@2 (b) 3 €4 (d)5

Q.3 A vector perpendicularto i + j + k is
@@ i-j+k b)i-j-k ) -i—jik (d) 3i + 2j -5k
Q.4 From figure, the correct relation is

R N
C
o B
B P
E
(3) A+B+E=0 (b) C-D==A (c) B+E-C=-D (d) All of the
above
Q.5  Out of the following setef forces, the resultant of which cannot be zero

(a) 10410, 10 (6),10,-10, 20 (c) 10, 20, 20 (d) 10, 20, 40

Q.6 The resultant of two vectors A and B is perpendicular to the vector A and its magnitude is equal to
half of theimagnitude of vector B. The angle between A and Biis

(a) 120° (b) 150° (c) 135° (d) None of these
Q.7  The ratio of maximum and minimum magnitudes of the resultant of two vectors a andb is 3: 1.
Now, |&]| is equal to
@ [b| (b) 2[b] (©)3b] (d) 4lb|
Q.8  Two forces, each equal to F, act as shown in figure. Their resultant is
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Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Vector and Motion in a Straight Line

60°

(a) F/2 (b) F () V3F (d) V5F

Vector A is 2 cm long and is 60° above the x—axis in the first quadrant. Vector B is 2 cm long and is
60° below the x—axis in the fourth quadrant. The sum A+B is a vector of magnitude

(a) 2cm along + y—axis (b) 2 cm along + x—axis

(c) 2 cm along — u—axis (d) 2 cm along —xaxis

What is the angle between two vector forces of equal magnitude such that the‘esultant is one—third
as such as either of the original forces?

4 17 4(1 0 0
(@) cos (—Ej (b) cos (gj (c) 45 (d) 120

The angle between A+BandAxB is
(a) 0 (b) /4 ()2 (d) n

The projection of a vector 7=3i+ j+2k on the x{y plane has magnitude

(2)3 (b) 4 (c). 14 (d) v10
If | A+B|=| A|=|B|, then the angle bétween A and B, is
(a) 120° (b) 60° (c) 90° (d) 0°

If vectors A=i-+2j+4k and B=5i represent the two sides of a triangle, then the third side of the
triangle can have length equal to

(2) 6 (b) /56

(c) both of the above (d) none of the above

Given | A, |=2,48, | =3and| A, + Ap<3. Find the value of (A, +2A, ). (34, —4A, )

(a) — 64 (b) 60 (©) - 62 (d) 61

Three vectors A, B, C satisfy the relation A.B=0 and A. C=0. The vector A is parallel to

(a) B (b) € (c)B.C (d) Bx C

If A=B*C, and the magnitude of A, B, C are 5, 4 and 3 units, then angle between A and C is
a3 4[4 . 4(3

(a) cos 1&) (b) cos 1(3) (c) sin 1&} (d) w/2

Given: A=A cos0i+Asin0]. A vector Bwhich is perpendicular to A is given by

(a) B cos6i—Bsin6j (b) B sin i —Bcosoj

(c) B cos6i+Bsin 6 (d) B sin 0i+Bcosoj

The angle which the vector A = 2i +3]j makes with y—axis, where i and j are unit vectors along x—
and y— axes, respectively, is
() cos *(3/5) (b) cos* (2/3) (c) tan* (2/3) (d) sin* (2/3)
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Vector and Motion in a Straight Line
In going from one city to another, a car travels 75 km north, 60 km north—west and 20 km east. The

magnitude of displacement between the two cities is (Take i=0.7)

72

(@) 170 km (b) 137 km (c) 119 km (d) 140 km

What is the angle between A and B, if A and Bare the adjacent sides of a parallelogram drawn
from a common point and the area of the parallelogram is AB/2?

(a) 15° (b) 30° (c) 45° (d) 60°
Two vectors @ and bare such that |d +b| =|a—b|. What is the angle between @ and b?
(a) 0° (b) 90° () 60° (d) 180°
Given: A=4i+6j and B= 2i+3j. Which of the following is correct?
(@) AxB=0 (b) A.B=24
(c) IAI_L (d) A and Bare.antiparallel
|IB| 2
Given: A=2i+pj+qk andB=5i+7j+3k If A||B, then the values of p and g arepfespectively,
14 6 14 6 6 1 3 1
a) —and — b) —and — c) —and= d) —and -
@ 5 5 (b) 3 5 © 5 3 @ 4 4

If the angle between vectors @ and b is@n acute angléythen théidifference a — b is

(2) the major diagonal of the parallelogram (b) the minor diagonal of the parallelogram
(c) any of the above (d) none of the above

Given that A+B=C. if | A|#4, | B|=5 and | C|2x/64#The angle between A and B is

(a) 30° (5) 60° (©) 90° (d) 120°

Given vector A=2i+3j,.the angle.between A» and y—axis is

(a) tan* (3/2) (O)tan * (213) (©) sin™* (2/3) (d) cos * (2/3)

If b=3i+4] ahd a=i—j, the vector having the same magnitude as that of b and parallel to 3 is

@ 750 ®), G+ © 5G-) (@ 5( +)

Choose the wrong statement

(a) Three'vectors of different magnitudes may be combined to give zero resultant.
(b), Two vectors of different magnitudes can be combined to give a zero resultant.
(c) The preduct of a scalar and a vector is a vector quantity.

(d) All of the‘above are wrong statements.

What displacement at an angle 60° to the x—axis has an x—component of 5 m? iand j are unit
vectors in x and y directions, respectively.

(a) 5i (b) 5i+5]

(c) 5i+5vV3] (d) All of the above

Mark the correct statement

(a) |a+b|>|d|+|b| (b) |a+b|<|a|+|b] (c) |a—b|=|d|+|b| (d)all of the above

Out of the following forces, the resultant of which cannot be 10 N?
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Q.33

Q34

Q.35

Q.36

Q.37

Q.38

Q.39

Q.40

Q.41

Vector and Motion in a Straight Line
(@ 15Nand20 N (b) 10 Nand 10 N (c)5Nand 12N (d)12Nand 1 N

In an equilateral triangle ABC, AL, BM and CN are medians. Forces along BC and BA represented
by them will have a resultant represented by

(@) 2AL (b) 2BM (c) 2CN (d) AC
If a parallelogram is formed with two sides represented by vectors @ and b, thend+b represents the

(a) major diagonal when the angle between vectors is acute
(b) minor diagonal when the angle between vectors is obtuse
(c) both of the above (d) none of the above

Two forces of F,= 500 N due east and F, = 250 N due north have their common initial point.
F,—Fis

(a) 250\5N, tan™ (2)W of N (b) 250 N, tan*(2) W.of N
(c) zero (d) 750 N, tan* (3/4).N of W
The resultant of the three vectors O_A, ?B, and OC shown in figure is

@r (b) 2r

() r(l++2) (d) f(v2-1)

Two vectors d and b are at an angle of 60° with each,other. Their resultant makes an angle of 45°
with & If |b|=2 units, then | 3| is

(@) 3 (b) 4/3-1 (€) V/3+1 (d) \E

The resultant of two vectors Pyand Q is R.Mf the magnitude of Q is doubled, the new resultant
vector becomes perpendicular to P.\Then, the magnitude of R is equal to

(@ P+Q (b)y P ) P-Q dQ
A vector A when added to the vector B = 3i+4] yields a resultant vector that is in the positive
y—direction and has a magnitude equal to that of B. Find the magnitude of A.

(a) V10 (b)20 (©)5 (d) v15
ABCDEFR s a regular hexagon with point O as centre. The value of AB +AC+AD+AE+AE is
@12:A0 (b) 4A0 (c) 6AO (d) 0

In a two dimensional motion of a particle, the particle moves from point A, position vector T, to
point B, position vector T, . If the magnitudes of these vectors are, respectively, r; = 3 and r, = 4 and

the angles they make with the x—axis are 0, = 75° and 0, = 15°, respectively, then find the magnitude
of the displacement vector.

(a) 15 (b) V13 () 17 (d) V15
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Vector and Motion in a Straight Line
Q.42  The angle between two vectors A and B is 6. Resultant of these vectors R makes an angle 6/2 with

A. which of the following is true?
@ A=2B (b)A=B/2 (c)A=B (dAB=1
Q.43  The resultant of three vectors 1, 2 and 3 units whose directions are those of the sides of an equilateral
triangle is at an angle of
(a) 30° with the first vector (b) 15° with the first vector
(c) 100° with the first vector (d) 150° with the first vector

Q.44 A particle moves in the xy plane with only an x—component of acceleration of 2 ms2. The particle
starts from the origin at t = 0 with an initial velocity having an x—component of 8 ms™* and y—
component of — 15 ms ™. The total velocity vector at any time t is

(a) [8 + 2t)i-15]ms™ (b) zero
(c) 2ti+15] (d) directed(along z-axis
Q.45 What is the resultant of three coplanar forces: 300 N at 0°, 400 N4t 30%,and 400 N at 150°?
(@) 500 N (b) 700 N (c)1,100N (d) 300 N
Multiple Choice Questions
Q.46  Which of the following statement is/are correct (se figure)? y
(a) The signs of x—-component of al is positive and that of az is negative. “

(b) The signs of the y—component of al and d glare positive'& negative, respectively. | ,
(c) The signs of x—and y—components of 81 +d , are positive.
(d) None of these

Q.47 Given two vectors A=3i+4]and B=ixj.0 is the langle between A and B. Which of the
following statements is/are correct?

A A

(a) | A|cos6 [ﬂj is thelcomponent of A along B.

V2

(b) | A|sin® [%J is the.componentiof Afperpendicuar to B.

© | Alcos6 | -2 isthe component of A along B.
V2

(d) |A]Ssin® %Jis the"component of A perpendicuar to B.

Q.48 If A=2i+j4 k and B=i+ j+k are two vectors, then the unit vector

. = —]+I2 = 2?+]+I2
a) perpendicular to A is b) parallel to A'is
ool () w1631
: - [—j+k < ik
(c) perpendicular to B is (d) parallel to A is
2 N
Q.49 If (\71 +v7) is perpendicular to (v?—vj) then
@ Vi is perpendicular to vj (b) |V£|=|V£|
(c) vjis null vector (d) the angle between Vl and vj can have any

value
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Vector and Motion in a Straight Line

Q.50 Two vectors A and B lie in one plane. Vector C lies in a different plane. Then, A+B+C

(a) cannot be zero (b) can be zero

(c) lies in the plane of A or B (d) lies in a plane different from that of any of three vectors
Assertion—Reason (Reasoning type
Direction: Each of these questions contains two statements: Statement | (assertion) and Statement Il

(reason). Each of these questions also has four alternative choices, only one of which is the correct answer.
You have to select one of the codes (a), (b), (c), (d) given below:

@ Statement | is true, Statement |1 is true; Statement Il is a correct explanation for Statement I.

(b) Statement | is true, Statement 1 is true; statement Il is not a correct explanation for Statement |
(c) Statement | is true; Statement Il is false
(d) Statement | is false; Statement Il is true

Q.51  Statement — I: The resultant of three vectors OA, OB and OC as shown in
the figure is R (1+\ﬁ). R is the radius of the circle
Statement — 1I: OA+ OC is acting along OBand (OA +OC)+OB"is

acting along OB.

Q.52 Statement — I: Two forces acting at a point, will have'the resultant force directed outwards from the
point at which the forces are acting.
Statement — I1: The resultant of two forces, acts alongithe diagonal formed by the parallelogram
with the sides being the given forces.

Q.53 Statement —I: If Ais parallel to B, then A x B is‘anull vegtor.

E.T,

Statement — I1: The cross product of4wo, vectors is given by A'x B = AB sin 0.
Q.54 Statement — I: Scalars can be added algebraically.
Statement — 11: Vectors cannot be added algebraically.

Q.55 Statement — I: Angle betw@en i+ j and i js 45°

Statement — I1: T+ | is equallylinclude to both i and j and the angle between I and j is 90°.
Entrance Questions
Q.56 A particle hasdninitial velocity 3i +4and an acceleration of 0.4i + 0.3]. Its speed after 10s is

(a) 10 units (b) 7/2 units (c) 7 units (d) 85 units [AIEEE
2009]

Q.57 If AxB=B x A, then the angle between A and B is
@m (b) /3 (c) n/2 (d) m/4 [AIEEE
2004]

Q.58 A force Fy= (5?+3J°+2I2) N is applied over a particle which displaces it from its origin to the point
F=(2i — J)m. The work done on the particle in joule is [AIEEE
2004]
@-7 (b) +7 (c)+10 (d) +13

Q.59 If the order of two vectors A and B is reversed, then in cross product of two vectors, the resultant
vector
(a) changes only in direction (b) changes in magnitude [BITSAT
2006]

(c) changes both in magnitude and direction (d) does not change both in magnitude and direction
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Q.60  The component of vector A=a,i+a, j +a, k along the direction of  — | is [BITSAT
2008]
(@) ax—ay +a, (b) ax—ay (c) M (d)ax+ay+a,
J2
1 a 2 c 3 d 4 d 5 d
6 b 7 b 8 b 9 b 10 a
11 c 12 d 13 a 14 c 15 a
16 d 17 a 18 b 19 c 20 c
21 b 22 b 23 a 24 a 25 b
26 b 27 b 28 a 29 b 30 c
31 b 32 d 33 b 34 o 35 a
36 o 37 b 38 d 39 a 40 c
41 b 42 C 43 a 44 a 45 a
46 a,c 47 a,b 48 a, b, c 49 a, d 50 a,
d
51 a 52 d 53 a 54 b 55 a
56 b 57 a 58 b 59 a 60 c

MOTION IN A STRAIGHT LINE

Mechanics: Mechanics s the branch of physics that deals with the conditions of rest or motion of the
material objects.

Sub-branchesof mechanics:

(1) Statics. It is the branch of mechanics that deals with the study of objects at rest or in equilibrium,
even when they are under the action of several forces. The measurement of time is not essential in
statics.

(i) Kinematics: It is the branch of mechanics that deals with the study of motion of objects without
considering the cause of motion.

(iii) Dynamics: It is the branch of mechanics that deals with the study of motion of objects taking into

consideration the cause of their motion.
Rest: An object is said to be at rest if it does not change its position w.r.t. its surroundings with the passage
of time e.g., a book lying on a table.
Motion: An object is said to be in motion if its position changes w.r.t. its surroundings with the passage of
time e.g., a train moving on rails.
Rest and motion are relative terms. A passenger sitting in a moving train is at rest with respect to his
fellow passengers but he is in motion with respect to objects outside the train. Hence rest and motion are
relative terms.

Absolute rest and motion are unknown
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Vector and Motion in a Straight Line
Mainly the motion of a body can be of following three types:
@ Rectilinear or translatory motion
Rectilinear motion is that motion in which a particle or point mass body is moving along a straight line.

Translatoy motion is that motion in which a body, which is not a point mass body mass body is moving such
that all its constituent particles move simultaneously along parallel straight lines and shift through equal
distance in a given interval of time. e.g., A body slipping along the inclined plane has traslatory motion.
Rectilinear or translatory motion can be uniform or non—uniform.

2 Circular or Rotatory Motion

A circular motion is that motion in which a particle or a point mass body is moving on a circle.

A rotatory motion is that motion in which a body, which is not appoint mass body; is moving such that all
its constituent particles move simultaneously along concentric circles, whose centres lieten a line, called axis
of rotation and shift through equal angle in a given time.

Circular or rotatory motion can be two dimensional or three dimensional mation and can be uniform or non—
uniform motion. If the circular or rotatory motion is uniform, it is periodic also:

3 Oscillatory or Vibratory Motion

Oscillatory motion is that motion in which a body moves to andfro or back and forth repeatedly about a
fixed point (called mean position) in a definite interval of time. e.g:, the motion of the pendulum of wall
clock is oscillatory motion.

If in the oscillatory motion, the amplitude is very small i.e."microscopic, the motion of body is said to be
vibratory motion.

Frame of Reference

A rectangular coordinate system, consisting‘of three mutually perpendicular axes, labeled X—,Y—and Z-axis.
The point of intersection O of these three axes i1s.called origin which serves as a reference point or the
position of the observer.

The position of the object at a givéminstant of time can be described in terms of position coordinates (X, v,
z), i.e., the distances of the given position of objectialong the X—, Y— and Z—axis. This coordinate system
alongwith a clock constitutessasframe or. reference.

Thus the frame of reference is a system of eoordinate axes attached to an observer having a clock with him,
with respect to which,the observer can describe position, displacement, acceleration etc. of a moving object.

Frames of reference can be of two types:

@) Inertial frame of reference (b) Non-inertial frame of reference

(@ Inertial frame of reference’is one in which Newton’s first law> of motion holds goods.

(b) Non-inertial frame of reference is one in which Newton’s first law of motion does not hold
good.

Point Object

If the position of anrobject changes by distances much greater than its own size in a reasonable duration of
time, then the object may be regarded as a point object.

Example:
Q) Earth can be regarded as a point object for studying its motion around the sun.
(i) A train under a journey of several hundred kilometers can be regarded as a point object.

One dimensional motion

The motion of an object is said to be one dimensional if only one of the three coordinates specifying the
position of the object changes with time. Hence the object moves along a straight line. This motion is also
called rectilinear or linear motion.
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Vector and Motion in a Straight Line

I X3 +
f— Xy ——

- > - X
o P, P,

Examples of one dimensional motion:

Q) Motion of a train along a straight track. (i) Motion of a freely falling body.

Two dimensional motion: The motion of an object is said to be two dimensional if only two of the three
coordinates specifying its position change with time.

Y
1 Py(xy ¥)

Examples of two dimensional motion:
(i) Motion of planets around the sun.
(ii) (i) A car moving along a zig—zag path on a level road.
Three dimensional motion: The motion of an object is'said tesbe three dimensional if all the three

coordinates specifying its position change with time. 2
Po(xy Yo 25)
Py(xy, ¥y, 29) !
Examples of three dimensional motion: Ve T o
(i) A kite flying on a windy day. ,,:/fa | l ! T
(i) Motion of an aeroplane insSpace. ( .-—y—-. ________ bl
X I Y2

Distance or path length: Itis the length of the actual path traversed by a body between its initial and final
positions c
Distance covered = AC + CB

Distance is a’scalar quantity because it has only magnitude and no direction.
Distance covered\is always positive or zero.

The Sl unit of distance is metre (m).
The CGSunit,of distance is centimetre (cm). A > B

Displacement

The displacement of an object is the change in the position of an object in a fixed direction. It is the shortest
(or the straight line) path measured in the direction from initial point to the final point. Displacement has
both magnitude and direction, so it is a vector quantity.

Displacement = AB

Displacement may be positive, negative or zero.
The Sl unit of displacement is metre (m).

The CGS unit of displacement is centrimetre (cm).
Characteristics of Displacement

(M Displacement has the units of length.
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Vector and Motion in a Straight Line

(i) The displacement of an object can be positive, negative or zero.

(iii) Displacement is not dependent on the choice of the origin O of the position coordinates.

(iv) The actual distance traveled by an object in a given time interval is greater than or equal to the
magnitude of the displacement.

(V) The displacement of an object between two points is the unique path that takes the body from its

initial to final position.
(vi) The displacement of an object between two positions does not give any information regarding the
shape of the actual path followed by the object between these two positions.

(vit) The magnitude of the displacement of an object between two positions gives the shortest distance
between these positions.

(viii)  Displacement is a vector quantity. Displacement of an object betweentwo given positions is
independent of the actual path followed by the object in moving from one positien to another.

The rate of change of position of an object with time in any direction is called its speed. Itiis equal to the
distance traveled by the object per unit time.

Distance travelled
Timetaken

Speed =

Speed has only magnitude and no direction, so it is a scalar quantity.
The Sl unit of speed is ms™. The CGS unit of speedlisems ™.
The dimensional formula of speed is [M°L'T ]

Different Types of Speed

Q) Uniform speed: An object is said tode,moving with uniform-speed, if it covers equal distances in
equal intervals of time, however small these time intervals may be.

(i) Variable speed: An object is said to be moving with variable speed if it covers unequal distances in
equal intervals of time.

(iii)  Average speed: For an object moving with, variable speed, the average speed is the total distance
travelled by the object divided by the total time taken to cover that distance.

Totaldistance travelled
Totaltimetaken

Average speed =

(iv) Instantaneous speed:The speed of an object at any particular instant of time or at a particular point
of its path is called the instantaneous speed of the object.

Instantaneous speed,
AXx  dx
v= lim —===
At—0 At dt

Here (;—); is the first order derivative of distance x with respect to time t.

The speedometer of an automobile indicates its instantaneous speed at any instant.

Average Speed in Different Situations

A body covering different distances with different speeds. Suppose a body covers distances s, S, Sa, ..., with
speed vy, Vo, V3, .... Respectively, then its average speed will be

_ Totaldistance travelled s
Y Totaltimetaken  t
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_ SiHS; Syt or _S1+S,+S3 ..
t o+t +ty e ¥ (s s, s
17273 B T A
Vi Vp Vj
Special case: If s; = s, = s i.e., the body covers equal distances with different speeds, then
v - 2s _2ViV,
av
1 1 vV, +V
Vi Y,

Clearly, the average speed is the harmonic mean of the individual speeds.

A body moving with different speeds in different time intervals. Suppose a body/travels with speeds v;,
Vs, V3, .... In time intervals ty, t,, ts, .... respectively, then

Total distance traveled = vit; + oty + vsts + ...
Total timetaken =t; +t, +t3 + .....
Vit Vot + Vgt +.

av

L+t +t+
Special case: Itt; =t, =t;=.... t, = t (say), then
v =(v1+v2+v3+...+vn)t _ VitV Va4V,
v nt n

Clearly, average speed is the arithmetic mean of the individual speeds.

Velocity

The rate of change of position of an object withtime in a given'direction is called its velocity.
Velocity = Displa}cement
Time
The Sl unit of velocity is ms™
The CGS unit of velocity is cms#
The dimensional formula for the velocitylis [M°L'T ]
Different Types of Velocities:

(1) Uniform velocity: A body is said to be moving with uniform velocity if it covers equal displacements
in equal intervals of times/however small these time intervals may be.

(i) Variable velocity: A body is said to be moving with variable velocity if either its speed changes or
direction of motion changes,or.both change with time.

(iii)  Average\velocity: For an pbject moving with variable velocity, average velocity is defined as the
ratio of its total displacement to the total time interval in which that displacement occurs.

Displacement
Total timetaken

Average velocity =

L X=X, AX
Vav = . T
t,—t, At
(iv) Instantaneous velocity: The velocity of an object at a particular instant of time or at a particular
point of its path is called its instantaneous velocity.

. AX  dX
m—=—
At—0 At dt
Thus instantaneous velocity of an object is equal to the first order derivative of its displacement with
respect to time.
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Uniform motion: An object is said to be in uniform motion if it covers equal distances in equal intervals of
time, however, small these time intervals may be, in the same fixed direction.

Some Important Features of Uniform Motion

()

(i)
(i)
(iv)

(v)
(vi)

The velocity in uniform motion does not depend on the choice of origin.
The velocity in uniform motion does not depend on the choice of the time interval (t, —t;)

For uniform motion along a straight line in the same direction, the magnitude of the displacement is
equal to the actual distance covered by the object.

The velocity is positive if the object is moving towards the right of the origin and negative if the
object is moving towards the left of the origin.

For an object in uniform motion, no force is required to maintain its motion.

In uniform motion, the instantaneous velocity is equal to the average velocity at all times because
velocity remains constant at each instant or at each point of the path.

Non—uniform motion

A body is said to be in non—uniform motion if its velocity changes with/timey Here either the speed of the
body or its direction of motion or both change with time.

Subjective Assignment — |

Q.1

Q.2

Q.3
Q.4
Q5
Q.6

Q.7
Q.8
Q.9

Q.10

Q.11

In figure, a particle moves along a circular path of radius'r,|t starts
from point A and moves anticlockwise. Find the distance travelled
by the particle as it (i) moves from A to B (ii) moves from A«tosC
(iii) moves A to D (iv) completes one revoldtion.“Also find the
magnitude of displacement in each case. c A

A car is moving along X—axis. As shown in figure,it. movesfrom<«0

to P in 18s and returns from P to Qfin 6s. What areythe average

velocity and average speed of the car in geing from (i) from O to P D
and (ii) from O to P and back to Q?

0 40 80 120 160 200 240 280 320 360 400 m

i L | 1 1 1 L
F T 1 T 1 T T T f X

1

T
0 2 4 6 8 10 12 14 16 18 20s
0] Q P

A body travels from A'to B at 40'ms." andfrom B to A at 60 ms*. Calculate the average speed and
average velocity?

On a 60 km track; a train'travels thefirst 30 km with a uniform speed of 30 km h™*. How fast must
the train travel the next 80 km so as to average 40 km h™* for the entire trip?

A body covers one-third of its journey with speed ‘u’, next one—third with speed ‘v’ and the last
one—third with speed ‘w’. Calculate the average sped of the body during the entire journey.

A body travelling along a straight line traversed one—half of the total distance with a velocity v,. The
remaining'part of the distance was covered with a velocity v;, for half the time and with velocity v,
for the,other half of time. Find the mean velocity averaged over the whole time of motion.

A body travels the first half of the total distance with velocity v, and the second half with velocity v,.
Calculate the average velocity.

A car covers the first half of the distance between two places at a speed of 40 kmh™ and the second
half at 60 kmh™. What is the average speed of the car?

A train moves with a speed of 30 kmh™ in the first 15 minutes, with another speed of 40 kmh™ the
next 15 minutes, and then with a speed of 60 kmh™ in the last 30 minutes. Calculate the average sped
of the train for this journey.

A body travels a distance s; with velocity v; and distance s, with velocity v, in the same direction.
Calculate the average velocity of the body.

A car travels along a straight line for the first half time with speed 50 kmh™ and the second half time
with speed 60 kmh™. Find the average speed of the car.

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 31



Vector and Motion in a Straight Line

ANswers

1) széan:\/E (ii) S=nr, S=2r (ii) sz%, =21 (iv) S=2nr, $=0

2. ()v=20ms?, v=20ms™" (ii) v=10ms ™', v=20ms™ 3. 48mst 0
4. 60kmh® 5, __Sww 6.  2olitVy)
uv +Uuw +vw VvV, +V,+2V,
7. 2uVe 8 4gkmh’ 9.  475kmh*
V;+V,
10, Gitsdive 1.  55kmh*
S|V, +5,V;

Acceleration

The rate of change of velocity of an object with time is called its acceleration. it tells how fastithe velocity of
an object changes with time.

Change in velocity
Time taken

Acceleration =

Acceleration is a vector gquantity. It has the same direction as/that of the change in velocity.

The Sl unit of acceleration is ms™.

The CGS unit of acceleration is cm ™2,

The dimensional formula of acceleration is [M°L'T %]

Different Types of Acceleration

Q) Uniform acceleration: The acceleration of an object is said to be uniform acceleration if its velocity
changes by equal amounts in equal intervalsief time, however small these time intervals may be.

(i) Variable acceleration: The aeceleration of an.object is‘said to be variable acceleration if its velocity
changes by unequal amounts.in equal intervals of time.

(iii)  Average acceleration: For ‘anyobject moving with variable velocity, the average acceleration is
defined as the ratio ofithe,total ehange in velacity of the object to the total time interval taken.

L N, -V, AV
Yt -t At
(iv) Instantaneous acceleration: The acceleration of an object at a given instant of time or at a given
point of its motion, is called. its instantaneous acceleration.
a= lim av = d_v As V= d_x
At—>0 At dt dt

|

\d ()&
dt \ dt dt?

Thus, acceleration is the first order derivative of velocity and second order derivative of position
with respect to time.

Q.1  The position of an object moving along x—axis is given by x = a + bt?, where a = 8.5m, b = 2.5 ms™
and t is measured in seconds. What is its velocity at t = 0s and t = 2s? What is the average velocity
between
t=2sandt=4s?

Q.2  Thedisplacement (in metre) of a particle moving along x—axis is given by x = 18t + 5t%. Calculate:

(i) the instantaneous velocity att = 2 s,
(ii) average velocity betweent=2sand t = 3s,
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(iii) instantaneous acceleration

Q.3  The displacement x of a particle varies with time t as x = 4t*> — 15t + 25. Find the position, velocity
and acceleration of the particle at t = 0. When will the velocity of the particle become zero? Can we
call the motion of the particle as one with uniform acceleration?

Q.4  The velocity of a particle is given by the equation, v = 2t + 5 cms ™. Find (i) the change in velocity
of the particle during the time interval between t; = 2s and t, = 4s (ii) the average acceleration during
the same interval and (iii) the instantaneous acceleration at t, = 4s.

Q.5  The distance x of a particle moving in one dimension, under the action of a constant force is related
to time t by the equation, t = X +3, where x is in metres and t in seconds. Find the displacement of
the particle when its velocity is zero.

Q.6 The acceleration of a particle in ms 2 is given by a = 3t° + 2t + 2, where time t is in second. If the
particle starts with a velocity v = 2 ms ™ at t = 0, then find the velocity at the endhof 2s.

Q.7  The displacement x of a particle at time t along a straight line is givén by x = o —gt + yt. Find the
acceleration of the particle.

Q.8 A particle moves along X—axis in such a way that its x—coordinate variesiwith time t as x = 2 — 5t +
6t>. Find the initial velocity of the particle.

Q.9  The displacement x of a particle along X—axis is givenoyax = 3 + 8t + 7t°. Obtain its velocity and
acceleration at t = 2s.

Q.10  The distance traversed by a particle moving along astraight linesis.given by x = 180t + 50 t* metre.
Find:
(i) the initial velocity of the particle (ii) the velocity at the end of 4s and
(iii) the acceleration of the particle

Answers

1. 0,10 ms* 15.0ms* 2. (i) 38 ms %, (ii) 43 ms™, (iii) 10 ms?
3. 25m,—15ms™, 8 ms?, 1.875 s 4. 24 cms™, 12 cms 2, 16 cms 2

5. 0 6. 18 ms* 7. 2y

8. — 5 units 9. 36 ms?, 14 ms?

10. (i) 180 ms™, (ii) 580 ms™, (iii) 100'ms.°

First equation of motion: Aceeleration is defined as

_dv

ot

or dv = adt . (D

When'time = 0, velocity = u(say)

When time =tyvelogity = v (say)

Integrating equatton (1) within the above limits of time and velocity, we get

Idv=ja dt
u 0

t
or [v]x:ajdt:a[t]}) or v—u=a(t—0)
0

a

or V=u+at ... (2
Second equation of motion: Velocity is defined as
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ds
v=—0
dt
or ds = vdt = (u + at)dt ...(3
When time = 0, distance travelled =0
When time = t, distance travelled = s (say)
Integrating equation (3) within the above limits of time and distance, we get

.S[ds=j(u+ at)dtzuj‘dt+aj‘t dt
0 0 0 0

2 t
or [s]5 =u[t]; +a {t—}
2
0
t2 14,
or s—0=u(t-0)+a ?—O or s=ut+ Eat .. (4
Third equation of motion: By the definitions of acceleration and velocity,
_v_dv ds_av
dt ds dt ds
or ads = vdv ...(5
When time = 0, velocity = u, distance travelled = 0
When time =t, velocity = v, distance travelled =5
Integrating equation (5) within the above limits of.velocity and distance, we get
s v s v V2 v
Ia ds =I Vv dv or afds 2 J.v av or a[s]; {—}
2
0 u 0 u u
v 2
or a[s-0]= ———
[s-0] >
or 2 as = Vi U
or VA —u#=2as ... (6)

Fourth equation of motion. By-definition of velocity,

_ds

Cdt

or ds=vdt=(u+at)dt ... (7D
When time =(n =) second, distance travelled = s,_; (say)

When time = n second, distance travelled = s, (say)

Integrating equation (7) within the above limits of time and distance, we get

Vv

T ds= j (u-+at)dt

Sh1 n-1

n n 2 N
or [sIe =u J' dt+a Itdt or s, —sn_lzu[t]2_1+a{%}
n-1

n-1 n-1

=un-(n-1)]+ %[nz—(n—l)z]
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= u+%[n2_(n2 -2n+1)] or Snth = U‘*‘%(zn_l)

where Spi = Sn — Snq = distance travelled in nth second.

Subjective Assignment — 111

Q.1 A jet plane starts from rest with an acceleration of 3 ms 2 and makes a run for 35s before taking off.
What is the minimum length of the runway and what is the velocity of the jet at take off?

Q.2  An electron travelling with a speed of 5 x 10° ms™ passes through an electric field with an
acceleration of 10 ms™. (i) How long will it take for the electron to double its speed? (ii) What will
be the distance covered by the electron in this time?

Q.3 Addriver takes 0.20s to apply the brakes after he sees a need for it. This is called the reaction time of
the driver. If he is driving car at a speed of 54 kmh™ and the brakes cause/a declaration of 6.0 ms?,
find the distance travelled by the car after the sees the need to put the brakes.

Q.4  Onafoggy day two drivers spot each other when they are just 80 metres apart. They,are travelling at
72 km h™ and 60 km h™, respectively. Both of them applied brakeés retarding their cars at the rate of
5 ms . Determine whether they avert collision or not.

Q.5 A hundred metre sprinter increases her speed from rest uniformly at the rate of 14ms upto three
guarters of the total run and covers the last quater with uniform speed. How much'time does she take
to cover the first half and the second half of the run?

Q.6 A motor car starts from rest and accelerates uniformly, for 10s tesa.velocity of 20 ms . It then runs at
a constant speed and is finally brought to restdn 40°m with a constant acceleration. Total distance
covered is 640 m. Find the value of acceleration;setardation and total time taken.

Q.7  An athletic runs a distance of 1500 m in,the following manner. (i)¢Starting from rest, he accelerates
himself uniformly at 2 ms™ till he coVers a distanceéyof 900°m. (ii) He, then runs the remaining
distance of 600 m at the uniform speed developed. Calculate the time taken by the athlete to cover
the two parts of the distance covered. Alsofind the time, when he is at the centre of the track.

Q.8 A maniss=9m behind the door of a train when it starts moving with acceleration a = 2 ms 2. The
man runs at full speed. How. far does he have torun and after what time does he get into the train?
What is his full speed?

Q.9 A car accelerates fromurest at a‘constant rate/ec for some time, after which it decelerates at a constant
rate 3 to come toqest. If the total time.elapsed is t second, then calculate:

(i) the maximum-velocity attained by the car, and
(ii) the total distance travelled by the car in terms of o, § and t.

Q.10 A body covers 12m in 2™ second and 20m in 4™ second. How much distance will it cover in
4 seebnds after the 5" second?

Q.11  Two buses A and B are at/positions 50m and 100m from the origin at time t = 0. They start moving
in the same direction simultaneously with uniform velocity of 10 ms™ and 5 ms™*. Determine the
time and pasition at which A overtakes B.

Q.12  An obje€his moving along +ve x—axis with a uniform acceleration of 4 ms2. Attimet=0,x=5m
and v =3 ms%,

(a) What will be the velocity and position of the object at time t = 2s?
(b) What will be the position of the object when it has a velocity of 5 ms?

Q.13 A race car accelerates on a straight road from rest to a speed of 180 kmh™ in 25s. Assuming uniform
acceleration of the car throughout, find the distance covered in this time

Q.14 A bullet travelling with a velocity of 16 ms™ penetrates a tree trunk and comes to rest in 0.4m. Find
the time taken during the retardation.

Q.15 A car moving along a straight highway with a speed of 72 kmh™ is brought to a stop within a
distance of 100 m. What is the retardation of the car and how long does it take for the car to stop?
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Q.20

Q.21

Q.22

Q.23

Q.24
Q.25

Q.26

Vector and Motion in a Straight Line
On turning a corner a car driver driving at 36 kmh™, finds a child on the road 55 m ahead. He
immediately applies brakes, so as to stop within 5m of the child. Calculate the retardation produced
and the time taken by the car to stop.

The reaction time for an automobile driver is 0.6s. If the automobile can be decelerated at 5 ms?,
calculate the total distance travelled in coming to stop from an initial velocity of 30 kmh™, after a
signal is observed.

A car starts from rest and accelerates uniformly for 10s to a velocity of 8 ms™. It then runs at a
constant velocity and is finally brought to rest in 64m with a constant retardation. The total distance
covered by the car is 584 m. Find the value of acceleration, retardation and total time taken.

Two trains — one travelling at 72 kmh™ and other at 90 kmh ™ are heading towards one another along
a straight level track. When they are 1.0 km apart, both the drivers simultaheously see the other’s
train and apply brakes which retard each train at the rate of 1.0 ms™2 Determine whether the trains
would collide or not.

A burglar’s car had a start with an acceleration of 2ms 2. A police vi@ilant party came.after 5 seconds
and continued to chase the burglar’s car within a uniform velocity of 20,ms . Find theitime in which
the police van overtakes the burglar’s car.

A ball rolls down in inclined track 2m long in 4s. Find (i) acceleration (i¥) time taken to cover the
second metre of the track and (iii) speed of the ball at thesbottom of the track.

A bus starts from rest with a constant acceleration of 5 ms 2 At the same time a car travelling with a
constant velocity of 50 ms™ overtakes and passes the_bus«(i)"Find at what distance will the bus
overtake the car? (ii) How fast will be the bus bg travelling then?

A body starting from rest accelerates uniformly atthe rate of 10 cms 2 and retards uniformly at the
rate of 20 cms 2. Find the least time in which it camicompléte.the”journey of 5 km if the maximum
velocity attained by the body is 72 kmh .

A body covers a distance of 20m in the 7% second and/24 m in the 9" second. How much shall it
cover in 15" s?

A body covers a distance of 4m is 3" second @ndg2m in 5" second. If the motion is uniformly
accelerated, how far willititravel in the next3 seconds?

An object is moving with uniform acceleration. Its velocity after 5 seconds is 25 ms™ and after
8 seconds, it is 34 mS™. Find the distance travelled by the object in 12" second.

ANSWers

N weE

©

105 ms*, 1837.5m 2. (i()5x107s, (i) 3.75x 10°m
21.75m 4, Will be averted
10s, 424 s 6. 2ms?,5ms? 39s
30s, 105,,27.4 s 8. 3s,18m, 6 ms*
y= 9BlNs_ opt’ 10.  136m
a+p L 2(a+p)
10s, 150'm 12. ()11 ms™, 19m, (ii) 7m
625 m 14.  0.05s
2 ms?, 10s 16. 1 ms=, 10s
11.94 m 18. 0.8ms? 0.5ms? 26s 19. No 20. 5s
(i) 0.25 ms2, (ii) 1.17 s, (iii) 1 ms™ 22. (i) 1000 m, (ii) 100 ms™
400 s 24. 36m 25.  60m 26.  445m

Motion Under Gravit

Free fall: Motion of body falling towards the earth from a small height is called free fall. The acceleration
with which a body falls is called acceleration due to gravity and is denoted by g.
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Vector and Motion in a Straight Line

Equations of motion for a freely falling body: For a freely falling body, the following equations of motion
hold good:

()v=u+gt (i) s=ut + %gtz (iii) v2—u? = 2gs

When a body falls freely under the action of gravity, it velocity increases and the value of g is taken positive.
When a body is thrown vertically upward, its velocity decreases and the value of g is taken negative.

Subjective Assignment — IV

Q.1 A ball thrown vertically upwards with a speed of 19.6 ms™* from the top of a tower returns to the
earth in 6s. Find the height of the tower.

Q.2 A ball is thrown vertically upwards with a velocity of 20 ms™ from the top of a multistoreyed
building. The height of the point from where the ball is thrown is 25 m_fram the ground. (i) How
high will the ball rise? (ii) How long will it be before the ball hits the ground? (iii) Trace the
trajectory of this ball.

Q.3 Aball thrown up is caught by the thrower after 4s. How high did.it'go,and with whatvelocity was it
thrown? How far was it below the highest point 3 s after it was thrown?

Q.4 A balloon is ascending at the rate of 9.8 ms™ at a height of 39.2 m above the ground when a food
packet is dropped from the balloon. After how much time,and with what velogity does it reach the
ground? Take g = 9.8 ms™.

Q.5 A food packet is released from a helicopter whichis rising_steadily at 2 ms™. After two seconds
(i) What is the velocity of the packet? (ii) How fér is it below the helicopter? Take g = 9.8 ms™.

Q.6 A parachutist bails out from an aeroplane and after dropping through a distance of 40 m, he opens
the parachute and decelerates at 2 ms 2 If he reaches the greund with a speed of 2 ms™, how long is
he in the air? At what height did he bail‘out from the plane?

Q.7  Two balls are thrown simultaneously, A Vertically upwards with a speed of 20 ms *from the ground,
and B vertically downwards from a height of 40 m with the same speed and along the same line of
motion. At what points do the.two balls collide?Take g&= 9.8 ms ™.

Q.8  Attennis ball is dropped on‘te the floor from a height of 4m. It rebounds to a height of 3m. If the ball
was in contact with the floorfor,0.01 s, what\was its average acceleration during contact?

Q.9  Astone falls from a.eliffiand travels 24.5 m_in'the last second before it reaches the ground at the foot
of the cliff. Find the height of the cliff.

Q.10 A stone is threwn vertically upwards with a velocity of 4.9 ms™. Calculate (i) the maximum height
reached (ii) the time taken to reach the maximum height (iii) the velocity with which it returns to the
ground and (iv) the time taken to reach the ground.

Q.11 A stene thrown upwards frem the top of a tower 85m high, reaches the ground in 5 s. Find
(i) the greatest height above the ground (ii) the velocity with which it reaches the ground and (iii) the
time taken to reach the maximum height. Take g = 10 ms .

Q.12 From the top of a multi—storeyed building, 39.2m tall, a boy projects a stone vertically upwards with
aninitial, velocity of 9.8 ms™ such that it finally drops to the ground. (i) When will the stone reach
the ground? (ii) When will it pass through the point of projection? (iii) What will be its velocity
before striking the ground? Take g = 10 ms™.

Q.13  Arrocket is fired vertically from the ground with a resultant vertical acceleration of 10 ms. The fuel
is finished in 1 minute and it continues to move up. What is the maximum height reached?

Q.14 A balloon is ascending at the rate of 14 ms™ at a height of 98m above the ground when the food
packet is dropped from the balloon. After how much time and with what velocity does it reach the
ground? Take g = 9.8 ms ™.

Q.15 A stone is dropped from a balloon rising upwards with a velocity of 16 ms™. The stone reaches the
ground in 4s. Calculate the height of the balloon when the stone was dropped.

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 37



Vector and Motion in a Straight Line
Q.16 From the top of a tower 100 m in height a ball is dropped and at the same time another ball is
projected vertically upwards from the ground with velocity of 25 ms™. Find when and where the two
balls will meet. Take g = 9.8 ms™.

Q.17 A body is dropped from rest at a height of 150 m, and simultaneously, another body is dropped from
rest from a point 100m above the ground. What is their difference in height after they have fallen
(i) 2s, (i) 3s? How does the difference in height vary with time? Take g = 10 ms?,

Q.18 A body falling freely under gravity passes two points 30m apart in 1s. Find from what point above
the upper point it began to fall? Take g = 9.8 ms .

Q.19  Four balls are dropped from the top of a tower at intervals of one—one second. The first ball reaches
the ground after 4s of dropping. What are the distances between first and second, second and third,
third and fourth balls at this instant?

ANsSwers

1 58.8 m. 2. + 20m, 5 s, vertical line
3. 19.6 ms™, 19.6 m, 49 m 4, 4s{29.4 ms*
5. (i) +19.6 ms ™, (ii) 19.6 m 6. 2.86s, 15.86s, 235 m
7 15.1'm 8. 1652 ms#
. 441 m
10. (i) 1.225m, (ii) 0.5s, (iii) 4.9 ms™, (iv) 1s 11. (i) 88.2 m, (ii) 42 ms™, (iii) 0.8 s
12.  4s,2s,29.4ms™ 13. _+36.4 km
14. 6.12s, 45.98ms™* 15. 14.4m
16. 78.4 from top, 4s
17. 50m, difference in height remains constant at 50 m
18. 32.1m 19. 34.3m, 24.5m, 14.7 m

Position—Time Graphs

Position-time graph for a stationary object. The position of astationary object does not change with time.

Position —
-

(@) Time —»

Position—time graph for uniform motion: The position—time graph for an object in uniform motion along a
straight line path is a straight line inclined to the time—axis.

Slope of positionstime graph AB

=
)

" )

=tan 0 = %:M g
PR t,-t, 3

=}

- ~
_ w = Velocity(v). )
Time |

Hence the slope of the position-time graph gives velocity of the object.

Position-time graph for uniformly accelerated motion. The position—
time relation for uniformly accelerated motion along a straight line is

Q

X=X, +v0t+%at2

Clearly, x o t* i.e., x is a quadratic function of t. So the position-time graph
for uniformly accelerated motion is a parabola.

Position —»
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Vector and Motion in a Straight Line

Slope of position-time graph
Small change in vertical coordiante
Small change in horizontalcoordiante

X . .
= ((jj_t: velocity at instant t.

Thus the slope of the position—time graph gives the instantaneous velocity of the object.
Velocity—time graph for uniform motion. When an object has uniform motion, it moves with uniform
velocity v in the same fixed direction. So the velocity-time graph for uniform motion is a straight line
parallel to the time—axis.
Area under the velocity—time graph between times t; and t,
= Area of rectangle ABCD
=AD xDC = V(tg *tl)
= Velocity x time

Velocity —

= Displacement D C
Hence the area under the velocity—time graph gives the displacement of the 0 ¢ Time — &
object in the given time interval.
Velocity—time graph for uniformly accelerated motion. The velocity-time graph for a uniformly
accelerated motion is a straight line inclined to the time axis, as shown.insfigure.

Slope of velocity—time graph AB Q B

= tanezﬁzu
PR t,-t,
Change in velocity

Timeinterval

= Acceleration (a)
Hence the slope of the velocity—time graph gives the acceleration of the object. © fi Time— h
Distance covered as area under the'velocity—time graph. The straight line AB is the velocity—time graph
of an object moving alongga straight line path with*uniform acceleration a. Let its velocities be v, and v at
times 0 and t respectively.

<
)

<

Velocity —

(>
=

I
1
1
A I
|
1

Area under the‘velocity—time graphAB
= Area of trapezium OABD

Velocity —

= %(OA+BD)XOD= %(V0+V) x (t—0)

= Average,velocity x time interval

= Distance travelled in time t 0 Time — t
Hence the area under the velocity—time graph gives the distance travelled by the object in the given time
interval.
Derivation of Equations of Motion By Graphical Method
Equation of motion by graphical method: Consider an object moving along a straight line path with initial
velocity u and uniform acceleration a. Suppose it travels distance s in time t. Its velocity—time graph is
straight line. Here OA=ED =u, OC=EB =vand OE =t= AD.
M We know that,

Acceleration = Slope of velocity—-time graph AB

Q

302
139
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Vector and Motion in a Straight Line
,_DB_DB_EB-ED_v-u
~AD OE OE t
or vV—u-=at or vV=u+at
This proves the first equation of motion.
(i) From part (i), we have
a= %:% or DB = at
AD t
Distance travelled by the object in time t is
s = Area of the trapezium OABE
= Area of rectangle OADE + Area of triangle ADB

or

=OA><OE+%DB><AD =ut+%at><t or s=ut+%at2

This proves the second equation of motion.
(iii) Distance travelled by object in time t is s = Area of trapezium OABE.

= %(EB+OA)><OE= % (EB + EB) x OE
Acceleration,
a = Slope of velocity—time graph AB
_ DB EB-ED EB-ED

= —= or OE =
AD OE a

szé(EBﬁD)x@
a

or

= i(EBZ—EDZ) :i(vz—uz)
2a 2a

or V2 —u? = 2as
This proves the third equation of motion.

e A straight line graph has assingle slope. So if the displacement—time
graph is a straight line, it“represents a constant velocity. If the
velocity—time graphsissa straight line, it/ represents a constant
acceleration.

e A curved graph-has multiple slopes. In figure, as the displacement—
time graph bends upwards with the passage of time, the value of 6
increases, slope (= tan ) of the curve increases, consequently the
velocity increases and hence,the motion is accelerated. e

Displacement —

o In‘the figure, as the displacement-time graph bends downwards
with the passage of time, the value of © decreases, the slope of
the curve decreases, consequently the velocity decreases and
hence the motion is decelerated.

Displacement —

L] Time —

sing Nature of Motion From Various Graphs

Nature of motion from different types of distance—time graphs:

Distance —
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Vector and Motion in a Straight Line

Q) For a body at rest, the distance—time graph is a straight line AB, as
shown in figure. As the slope of AB is zero, so speed of the body is
zero.

(i) For a body moving with uniform speed, the distance—time graph is a
straight line inclined to the time—axis, as shown in figure. As the
graph passes through O, so distance travelled at t = 0 is also zero.

Distance —

o Time —»

(iii)  The distance-time graph in figure, represents accelerated (speeding
up) motion, because the slope of the graph is increasing with times

Distance —
% .

Q

Time —»

(iv) The distance-time graph in figure, represents decelerated.(speeding
down) motion, because slope of the graph is deCreasing with time.

Distance —
S

@] Time —
B
"
% Not
(V) In figure, distance-time graph is a straight ling/ parallel to 2 pomibip
distance—axis. It representsdnfinite speed which'is'not possible. i
o Time —

(vi)  The distance eovered by a body cannot decrease with the increase of
time. So the distance—time graph of the type shown in figure is not
possible.

Distance —
&avov\

fé/e

Q.

Time —

! Not
! possible

(vii) 4 The distance—time graph shown in figure, is not possible because it
represents two different positions of the body at the same instant
whichiisnet possible.

Distance —

Time —
2
The nature of motion from the different types of displacement-time graphs g A B
() For a stationary body, the displacement-time graph is a stationary &
body, the displacement-time graph is a straight line AB parallel to §
time—axis. The zero slope of line AB indicates zero velocity.
T A
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Vector and Motion in a Straight Line
(i) In figure, the displacement-time graph is a straight line OA inclined
to time—axis. It has a single slope. So it represents a constant
velocity and hence zero acceleration.

A
3
g
(iii) In figure, greater displacements are taking place in equal intervals of g
time. So the displacement-time curve OA represents an increasing “;i
velocity or an accelerated motion. For constant acceleration, the a
displacement-time graph is a parabola bending upwards. C:
N
(iv) In figure, decreasing displacements are taking place in equal ‘g
intervals or time. So displacement-time curve OA represents<a H
decreasing velocity or deceleration. For uniform deceleration, the §
displacement-time graph is a parabola bending downwards.
[0} Time —
(V) In figure, displacement is decreasing uniformly (with time.and ;A
becomes zero after a certain time. Displacement-time graph-has‘a §
negative slope (0 > 90° and tan 6 < 0) and represents a uniform )
negative velocity. It indicates that the body is returning back to its a 0> 90°
original position with a uniform velocity. 0  Tmes B

(vi) In figure, the displacement of the body becomes negative after time
t and then increases in magnitude with time. It indicates that the
original position Bgandythen ‘moves towards C with a uniform
velocity.

Displacement —
Q
/ :
A=
=
3
(4]
o i

Velocity —
kS
=]

The nature of the motion from different types of velocity—time graphs

(1) For a bady moving with“a uniform velocity, the v—t graph is a
straight line parallel to the time—axis as shown in figure. The zero
slope, of line AB indicates zero acceleration.

Q

Time —

(i) When a body starts from rest and moves with uniform acceleration,
its v—t graph is straight line OA inclined to the time-—axis and
passing through the origin O, as shown in figure. Greater is the
slope of the v-t graph, greater will be the acceleration.

Velocity —
' S

o]

Time —

(iii) In figure, the straight line v—t graph does not pass through origin O.
The body has an initial velocity u(=0A) and then it moves with a
uniform acceleration.

x Velocity —
=
™

=]

Time —

S.C.0. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302
Page No: 42



Vector and Motion in a Straight Line

(iv) In figure, greater changes in velocity are taking place in equal
intervals of time. So the v-t graph bending upwards represents an
increasing acceleration.

(v) In figure, smaller changes in velocity are taking place in equal
intervals of time. So the v—t graph bending downwards represents a
decreasing acceleration.

(vi) In figure, the body starts with an initial velocity u. The velogcity
decreases uniformly with time, becoming zero after some time. As 6
> 90° the graph has a negative slope. The v-t graph represents
uniform negative acceleration.

(vii)  Infigure, the v—t graph represents a body projected upwards with an
initial velocity u. The wvelocity decreases with time (negative
uniform acceleration), becoming zero after certain‘time t. Then the
velocity becomes negative and increases in magnitude, showing
body is returning to original position, with positive uniform
acceleration.

(viii)  The area between the velocity—time graph and the time—axis gives
the displacement. n=figure, the, v—t graph represents variable
acceleration.

Displacement covered = Area 1< Area 2 + Area 3

Distance covered = Area 1 + Area2 + Area 3.

The nature of motion from the different type of sped — time graphs

(i) For a body projected upwards, the speed-time graph is of the type
shown inj figure. When the body moves, its speed decreases
unifermly, ‘lbecoming zero at the highest point. As the body moves
down; itsispeed increases uniformly. It returns with the same speed
with which'itwas thrown up.

(i) For a ball dropped on the ground from a certain height, the speed—
time graph is of the type shown in figure. As the ball falls, its speed
increases. As the ball bounces back, its speed decreases uniformly
and becomes zero at the highest point.

Velocity —

Velocity —

Velocity —

o Time —

o Time — B

i
T
2
-§ 0 t Time —
=
T
> 1 3
g9 ,
§ \2/ Time —»
t
o
EH
a.
)
O Time —
4
el
g
&
@) Time —
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Vector and Motion in a Straight Line

Discuss the nature of motion from the different types of acceleration — time graphs

B
o

Acceleration —»

Q) For a body moving with constant acceleration, the acceleration-time
graph is a straight line AB parallel to the time-axis, as shown in
figure. o Time —

(i) When the acceleration of a body increases uniformly with time, its
a-t graph is a straight line OA inclined to the time—axis as shown in
figure.

Acceleration —

(iii) For a body moving with variable acceleration, the a-t graph is a
curve. The area between the a—t graph and the time—axis gives the

Acceleration —
Q
>

change in the velocity, as shown in figure.
Change in velocity = Area 1 — Area 2 + Area 3
Subjective Assignment —V

Q1 Figure shows the distance-time graphs of two trains, which start 1 A
moving simultaneously in the same direction: From the graphs, find: + 2o} 5
(i) How much ahead of A is B when the /motion starts? E tsof-mcnones g
(ii) What is the speed of B? £ f A 'x
(iii) When and where will A catch B? 8 b 1
(iv) What is the difference between the speed of A and B? B —
Q.2  The speed-time graph of aparticle moving alongafixed direction is e
shown in figure. Find: 5
(i) distance travelled by.the particle between 0'sec to 10 sec ﬁ 12
(ii) average speedddetween this interval ?g
(iii) the time whenithe speed was minimum B
(iv) the time when speed/was maximum 3 . G tEsec)

Q.3 A body starting from rest aecerates uniformly along a straight line at the rate of 10 ms? for 5
seconds:\It moves for 2 second with uniform velocity of 50 ms ™. Then it retards uniformly and
comes to'rest in 3s. Draw velocity—time graph of the body and find the total distance travelled by the

body.
G
50 !
¥ I
Q4 A train moves from one station to another in two hour’s time. Its 5 E
speed-time graph during the motion is shown in figure. (i) 1 i gl !
. . . . . .. %20- !
Determine the maximum acceleration during the journey (ii) Also & RN
calculate the distance covered during the time interval from 0.75 b !
! 'E F D
hour to 1 hour. (‘0 0.50 0.75 1.00 2.00

Time (h) -
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Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Vector and Motion in a Straight Line
A ball is thrown upward within an initial velocity of 100 ms™. After how much time will it return?
Draw velocity—time graph for the ball and find from the graph (i) the maximum height attained by
the ball and (i) height of the ball after 15s. Take g = 10 ms™

The velocity—time graph for a vehicle is shown in figure. Draw acceleration—time graph from it.

W P
(=4 (=]
T T

Velocity (ms™") -
S
T

—
(=4 o
T

(=}

"

N

w

-
il
ot

N

Time (s) >

The velocity of a train increases at a constant rate o from 0 to v and then‘remains constant for some
time interval and then finally decreases to zero at a constant rate . If the total'distance covered by
the particle be x, then show that the total time taken will be

x vl 1
t=—+—| A+ =
v 2fa P

Figure shows the position-time graphs of three cars A,BandC.On* | -t B__A
basis of the graphs, answer the following questions:

(i) Which car has the highest speed and which the lowest?
(ii) Are the three cars ever at the same point en the road?
(iii) When A passes C, where,is B?
(iv) How far did car A travel between time it passedcars B and C?

0 (I )

x(km) >
-
o
T

o ®
|

i
Y R e L

(v) What is the relative velocitysof car C withirespect to car A? e e,
(vi) What is the relativ@velocity oficar B with respect to car C? Rl R L

An insect crawling up a wall crawls 5 cm upwards in the first minute but then slides 3 cm
downwards in‘the next minute. It again crawls up 5 cm upwards in the third minute but again slides 3
cm downwards in the fedrth minute. How long will the insect take to reach a crevice in the wall at a
height of 24 cm from Its starting point? How does the position—time graph of the insect look like?

A driVer of a car travelling 52 km h* applies the brakes and decelerates uniformly. The car stops
in

5 seconds, Another driver going at 34 km h™* applies his brakes slower and stops after 10 seconds.
On_the same graph paper, plot the speed versus time graph for two cars. Which of the two cars
travelled farther after the brakes were applied?

A motor car, starting from rest, moves with uniform acceleration and attains a velocity of 8 ms™ in
8s. It then moves with uniform velocity and finally brought to rest in 32m under uniform retardation.
The total distance covered by the car is 464 m. Find (i) the acceleration (ii) the retardation and (iii)
the total time taken

The velocity-time graph of an object moving along a straight line is as shown in figure. Find the net
distance covered by the object in time interval between t = 0 to t = 10s. Also find the displacement in
time 0 to 10s.
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Q.13 As soon as a car just starts from rest in a certain direction, a scooter moving with a uniform speed
overtakes the car. Their velocity—time graphs are shown in figure. Caleulate (i) the difference
between the distance travelled by the car and the scooter in 15s (ii) the time when the car will catch
up the scooter and (iii) the distance of car and scooter from the starting point at thatjinstant.

60 |
T
— A Car
~ 45} B
w 1 1
5 / \Fs '
=30 : cooter : G
‘0 1 |
kel 1 1
st : |
| |
0 . . C 41 2)
0 5 10 15 20 25
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Q.14  The velocity-time graph of an object moving along a straight line is as shown below:

A B

201 -

T 1 '

I

_‘!,‘: : 1

g : |

Z : :

g . .

-a I 1
= ! | D C

0 2 5 Time (s) — 10

Calculate the distancescovered by object between:

()t=0tot=5s (it=0tot=10s
Answers
1. (i) 100 km, (i) 25 kmh™, (i) 50 kmh™* 2. (i) 60m, (ii) 6 ms™, (iii) 0 & 10s, (iv) 5s
3. 300 m 4. (i) 120 kmh2, (ii) 8.75 km
5. (»500m, (i) 375 m
8. (i) C has the highest speed and A has the lowest speed, (ii) No, (iii) 6 km from the origin (iv) 6 km,
(v) 7 kmh ™", (i) — 2 kmh™ 9. 21 min
10.  Second car travelled farther 11. (i) 1 ms? (ii) 1 ms? (iii) 66s

12. 100m, 60m 13. (i) 112.5m, (i) 22.5 s, (iii) 675 m 14. (i) 80m, (ii) 130m

Relative velocity: The relative velocity of an object 2 with respect to object 1, when both are in motion is the
time rate of change of position of object 2 with respect to that of object 1.

Expression for relative velocity: As shown in figure, consider the objects 1 and 2 moving along the same
direction with constant velocities v, and v, (relative to the earth) respectively.
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Suppose the position coordinates of the two objects are x; (0) and x,(0) at time t = 0. At time t = t, their
position coordinates will be

X1 (t) = %1(0) + it . (D
Xa(t) = %2(0) + vt ... (2
Substracting (1) from (2), we find that
Xa(t) = Xa(t) = %2(0) — X1 (0) + (v2 —vy) t
or [X2(t) — X2(0)] — [X1 (t) — X1 (0)] = (v2— Vi) t

or Displacement of object 2 in time t — Displacement of object 1 in time t = (v, #Vq)t
or Relative displacement of object 2 w.r.t. object L intimet = (v, —vy) t
or Re lative displacement of object 2w.r.t. object 1
Timet

=Vo—Vg
or Relative velocity of object 2 w.r.t. object 1,

Vor=V2—Vi
Similarly, relative velocity of object 1 w.r.t. object 2,

Vig=Vi—V;

Relative Velocity in Terms of Position—Time Graphs
Case 1: When the two objects move with same velocity in the same direction. That is v; = v, and relative
velocity, v, —v; =0

Then,  Xa(t) — X4 (t) = %2(0) — x1(0)

80

Thus the two objects remain a constant distance apart, throughout
their motion. Their position—time graphs are parallel straight'lines as
shown in figure. Here the initialpositions of the objects are x;(0) =
10m and x,(0) = 30 m. Velocities are W, = v, = 5/ms ™. The two
objects remain 20 m apart at'all'instants.

Position (m) —

Case 2: When v, > v; or relativewvelocity (v, — vy) is positive. The relative separation x,(t) — x,(t) increases by
the amount (vs — v,) after every. second. So the position—time graphs gradually move apart, as shown in
figure.

?

o

S

b=

3

&

L)

wo” gt
x, (0)

Time —

Case 3: When v, < v, or relative velocity (v, — vy) is negative. Initially the object 2 is ahead of object 1 and
Xo(t) — x4(t) is positive. The relative separation X,(t) — x,(t) first decreases till the two objects meet at the
position X;(t) = x»(t). Then the separation x,(t) — x;(t) becomes negative. The object 1 overtakes the object 2
and the relative separation between them again begins to increase.
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2 X,(8) = x(t)
o . yaks
= Position of repatiye
I~ / meeting
I
x,(0) :
|
'
I
x,(1) — x,(¢
%(0) i;(positilx('e) :
\ - Time of
i1/ meeting
Time —

Determination of Relative Velocit
Rule to determine relative velocity. The relative velocity of a body A with respect to another body B when
both are in motion can be obtained by adding to the velocity of A, a veloCity equal and opposite to that of B.
Thus

Vag = Va + (—Vg)
This law can be applied even to the bodies moving in directionssinclined to each other.
Consider two bodies A and B moving with velocities v, and vg respectively, making an angle 6 with each
other as shown in figure.

@) Ty
(a) (b)
To find the relative velocity vag/0f the body A with respect to B, draw OP' = — vg as shown in figure (b).

Now we add v and (—vg) which make an angle (180° — 0) with each other. The relative velocity of A with
respect to B is given by thediagonal OR"of the parallelogram OQRP".

The magnitude of the relative veloCity vag 1S

Vas = yVAVEA 2V, v, COS (180° —6)

= \/vi +VE5 =2V, Vg COS 0
Suppose the relative velocity vag makes angle  with va. Then
Vg sin (180° -6)

tanp =
V, +Vg €0s(180° —0)
L Vgsing or B =tan’ Vg sin 0
V, —Vg COSO V, —Vg COS O

This gives the direction of the relative velocity vag.
Q) When both the bodies are moving along parallel straight lines in the same direction. We have 0 = 0°.

Vg :\/vi +V3 -2V, Vg cos0°

— 2 2
= \/VA+VB—2 Va Vg

= J(Va = V) =Vva-vg
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Thus the relative velocity of A with respect to B is equal to the difference between the magnitudes of
their velocities.

(i) When the two bodies are moving along parallel straight lines in opposite directions. We have 6 =
180°.

Vag = \/vi +V3 -2V, Vg €0s180°

— 2 2
= \/VA+VB+2VA Vg

= (VA+VB)2 =Vp + Vg

Thus the relative velocity of body A w.r.t. body B is equal to the sum offthe magnitudes of their
velocities. That is why when two fast trains cross each other in opposite directions, each appears to
go very fast relative to the other.

Subjective Assignment — V1

Q.1  Acar Amoving at 10 ms on a straight road, is ahead for B moving in the same direction at 6 ms ™.
Find the velocity of A relative to B and vice versa.

Q.2 Two parallel rail tracks run north south. Train A moves ferth with a speed of 54®kmh and train B
moves south with a sped of 90 kmh™. What is the
(i) relative velocity of B with respect to A?

(i) relative velocity of ground with respect to B?
(iii) velocity of a monkey running on the roof ofithe train A against its motion (with a velocity of
18 kmh™ with respect to the train A) as observed by%a man standing’on the ground?

Q.3 Two trains 120m and 80m in length afé.running in oppesite directions with velocities 42 kmh™ and
30 kmh™. In what time they will completely cross each other?

Q.4  The speed of a motor launch with respect to till water =7 ms ™ and the speed of stream isu =3 ms"
! When the launch began travelling upstream, axfloatsas dropped from it. The launch travelled 4.2
km upstream, turned about'and caught up with the float. How long is it before the launch reaches the
float.

Q.5 A jet airplane travellingrat the speed of 4504mh ejects the burnt gases at the speed of 1200 kmh™
relative to the jet@irplane, Find the'speed.of the burnt gases w.r.t. a stationary observer on earth.

Q.6 Two cars A arid Blare maving with velocities of 60 kmh™ and 45 kmh™ respectively. Calculate the
relative velocity of*Awwir.t. B, if (i) both cars are travelling eastwards and (ii) car A is travelling
eastwards and car B istravelling westwards.

Q.7  An open car is moving on ardad with a speed of 100 kmh™*. A man sitting in the car fires a bullet
from the\gun in the opposite direction. If the speed of the bullet is 250 kmh™ relative to the car, then
find its (bullet’s) speed with respect to an observer on the ground.

Q.84 Axcar A isimoving with a speed of 60 kmh™ and car B is moving with a speed of 75 kmh™, along
parallelystraight paths, starting from the same point. What is the position of car A w.r.t. B after
20 minutes?

Q.9  Two buses start simultaneously towards each other from towns A and B which are 480 km apart. The
first bus takes 8 hours to travel from A to B while the second bus takes 12 hours to travel from B to
A. Determine when and where the buses will meet.

Q.10 Two trains A and B, each of length 100m, are running on parallel tracks. One overtakes the other in
20s and one crosses the other in 10s. Calculate the velocities of each train.

Q.11 A man swims in a river with and against water at the rate of 15 kmh™ and 5 kmh ™. Find the man’s
speed in still water and the speed of the river.

Q.12 A motorboat covers the distance between the two spots on the river in 8h and 12h downstream and
upstream respectively. Find the time required by the boat to cover this distance in still water.
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Vector and Motion in a Straight Line
Q.13 A car is travelling on a straight level road with a sped of 60 kmh™. It is followed by another car B
which is moving with a sped of 70 kmh™. When the distance between them is 2.5 km, the car B is
given a deceleration of 20 kmh™2. After what distance and time will the car B catch up with car A?

ANSWers

1. Amst —4mst 2. (i) —40 ms ™, (ii) 25 ms™, (iii) 10 ms™*
3. 10s 4, 35 min
5. 750 kmh™ 6. (i) 15 kmh eastwards,
(ii) 105 kmh™ eastwards
7. 150 kmh™* 8. 5 km behind
9. 4.8 h, 288 km from A 10. 15ms? 5ms™?
11.  10kmh*, 5kmh™ 12.  96h 13.  32.5km, 0.5h

Conceptual Questions

Q.1  State in the following case, whether the motion is one, twdyor three dimensionalimotion:
(a) a kite flying on a windy day (b) a speeding car onta long straight high way
(c) a carom coin rebounding from the side of the board
(d) a planet revolving around its star

Q.2  Anobject is in uniform motion along a straight line, What will be pasitive—time graph for the motion
of the object if (a) Xo = + ve, v =+ ve (b) X, = + ve,\. = — vey(e)X, = — ve, v = + ve and (d) both X,
and v are negative? The letters X, and W represent position of the object at time t = 0 and uniform
velocity of the object respectively?

]
© o

Q.3 A drunkard walking,in a/narrowlane takes 5 steps forward and 3 steps backward each step of 1m
long, per second and so on. Determine how long the drunkard takes to fall in a pit 15m away from
the start.

Q4 Is the time variation of position, shown in figure observed in nature?

TIME

=Xof

’ N\

/ \ POSITION

Q.5  Two straight lines drawn on the same displacement — time graph make angles 30° and 60° with time—
axis respectively figure. Which line represents greater velocity? What is the ratio of two velocities?
DISPLACEMENT
/ B
// A
o
0 >
TIME
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Q.6 Wind is blowing west to east along two parallel tracks. Two trains moving with the same speed in
opposite directions on these tracks have the steam tracks. If one steam track is double than the other,
what is the speed of each train?

Q.7 For ordinary terrestrial experiments, which of the observers below are inertial and which are non—
inertial? (a) a child revolving in a giant wheel. (b) a driver in a sports car moving with a constant
high speed of 200 km/h on a straight road. (c) the pilot of an aeroplane which is taking off. (d) a
cyclist negotiating a sharp turn. (e) the guard of a train which is slowing down to stop at a station.

Q.8 A body covered a distance of | metre along a semicircular path. Calculate the magnitude of
displacement of the body and the ratio of distance to displacement.

Q.9 Mention the condition when an object in motion (a) can be considered point object (b) can not be
considered point object.

Q.10  Under what condition will the distance and displacement of a moving objectwill have the same
magnitude?

Q.11 Can the speed of a body be negative?

Q.12 Can an object have constant speed but variable velocity?

Q.13 What does the tangent at a point to the position—time graph for an object in_non<uniform motion
along a straight line represent?

Q.14  What will be nature of velocity — time graph for a uniform motion?
Q.15 If the displacement — time graph of a particle is parallel.to

-
i
@
S
o
@«
Q
_—
o TIME
(a) displacement axis (b) the time\axis, what will be the velocity of the particle?

Q.16  Can position — timesgraphthave negative slope?

Q.17 Can a body have a,constant velocity huta varying speed?

Q.18 A cyclist moving on a circular track of radius 100m completes one revolution in 4 minutes. What is
his (i) average speed (ii))average velocity in one full revolution?

Q.19 The displacement x of the body in motion is given by x = A sin (ot + 6); Determine the time at
which the displacement is maximum.

Q.20 #When two bodies move uniformly towards each other, the distance between them decreases by
6,metres/second. If both the bodies move in the same direction with their same speeds, the distance
between,them increases by 4 metres/second. What are the speeds of the two bodies.

Q.21 Define relative velocity of an object w.r.t. another. Draw position — time graphs of two objects
moving along a straight line, when their relative velocity is (i) zero and (ii) non—zero.

Q.22 What do you understand by non uniform motion? Explain variable velocity and instantaneous
velocity of an object in one dimensional motion.

NCERT Questions

Q1 In which of the following examples of motion can the body be considered approximately a point
object:
M a railway carriage moving without jerks between two stations.
(i) a monkey sitting on the top of a man cycling smoothly on a circular track.
(iii)  aspinning cricket ball that turns sharply on hitting the ground, and
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Q.2

Q.3

Q.4

Q5

Q.6

Q.7

Q.8

Q.9

Q.10

Vector and Motion in a Straight Line
(iv) tumbling beaker that has slipped off the edge of a table?

The position-time (x-t) graphs for two children A and B returning

from their school O to their homes P and Q respectively are shown S| il :
in figure. Choose the correct entries in the brackets below: # |
(@) AJ/B lives closer to the school than B/A R Ppleceaocofio_ '
(b) AJB starts from the school earlier than B/A. E
(c) A/B walks faster than B/A 275 |
(d)  Aand B reach home at the (same/different) time. 0 s '

(e) AJB overtakes B/A on the road (once/twice)

A women starts from her home at 9.00 A.M. walks with a speed of 5 kmh,0n a straight road upto
her office 2.5 km away, stays at office upto 5 P.M. and returns home by an‘auto with a speed of 25
kmh™. Choose suitable scales and plot the x—t graph of her motion.

A drunkard walking in a narrow lane takes 5 steps forward and 3 steps backward, fallowing again by
5 steps forward and 3 steps backward, and so on. Each step is 1m‘long and requires s. Plot the x—t
graph of his motion. Determine graphically and otherwise how long the drunkard takeg to fall in a pit
13m away from the start.

A jet airplane travelling at the speed of 500 kmh™ ejects’its products of combustion at the speed of
1500 kmh* relative to the jet plane. What is the speed of latter with respect to an observer on
ground?

Two trains A and B of length 400 m each are moving ontwo parallel tracks with a uniform speed of
72 kmh* in the same direction, with A ahead ef B. The driver of B decides to overtake A and
accelerates by 1 ms™ If after 50s, the guard of BYjust brushes.past the driver of A, what was the
original distance between them?

On a two-lane road, car A is travelling with a speed of 36 kmh™. Two cars B and C approach car A
in opposite directions with a speed of 54 kmh." each. At a certain instant, when the distance AB is
equal to AC, both being 1 km, B decides to overtakedA before C does. What minimum acceleration
of car B is required to avoid an accident?

Two towns A and B are conneeted by a regular bus service with a bus leaving in either direction
every

T min. A man cycling with a speed 0f,20’kmh ™" in the direction A to B notices that a bus goes past
him every 18/min_in, the direction of his motion, and every 6 min in the opposite direction. What is
the period T of the busiservice and with what speed (assumed constant) do the buses ply on the road?

A playet throws a ball upwards with an initial speed of 29.4 ms™.
Q) What is the direction of acceleration during the upward motion of the ball?
(i) What are the velocity and acceleration of the ball at the highest point of its motion?

(iii).  Chose the x = 0 and t = 0 to be the location and time of the ball at its highest point, vertically
dewnward direction to be the positive direction of X—axis, and give the signs of position,
velacity and acceleration of the ball during its upward, and downward motion.

(iv)  To what height does the ball rise and after how long does the ball return to the player’s
hands?

Read each statement below carefully and state with reasons and examples, if it is true or false. A
particle in one—dimensional motion

(a) will zero speed at an instant may have non-zero acceleration at that instant
(b) with zero speed may have non—zero velocity,

(c) with constant speed must have zero acceleration,

(d) with positive value of acceleration must be speeding up.
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Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Vector and Motion in a Straight Line

A ball is dropped from a height of 90 m on a floor. At each collision with the floor, the ball loses
one-tenth of its speed. Plot the speed-time graph of its motion betweent=01to0 12 s.

Explain clearly, with examples, the distinction between:

@ magnitude of displacement (sometimes called distance) over an interval of time, and the total
length of path covered by a particle over the same interval;

(b) magnitude of average velocity over an interval of time, and the average sped over the same
interval. [Average speed of a particle over an interval of time is defined as the total path
length divided by the time interval]

(c) Show in both (a) and (b) that the second quantity is either greater than or equal to the first.
When is the equality sign true? [For simplicity, consider one—dimensional motion only].

A man walks on a straight road from his home to a market 2.5 km away with a‘speed of 5 km h’.
Finding market closed, he instantly turns and walks back home 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 (i) © to 30 min, (ii) 0t0"50 min, (iii) O to 40
min?

The instantaneous speed is always equal to the magnitude of.instantaneous velocity. Why?

Look at the graphs (a) to (d) [figure] carefully and state, with réason, which of these cannot possibly
represent one—dimensional motion of‘a particle.

x % Speed Total path
length
t t t
@ ®) © :

@

Figure, shows the Xx=tplot of one—dimensional motion of a particle. !

It is correct to say from, the graph that the particle moves in a {P
straight line for t < 0 and»en”a parabolic path for t > 0? If not, 1<0

suggest‘an suitable physical context for this graph. PN

Aspolice van moving on a highway with a speed of 30 kmh™* fires a bullet at a thief’s car speeding
away. itnthe 'same direction with a speed of 192 kmh™. If the muzzle speed of the bullet is 150 ms ™,
with what'speed does the bullet hit the thief’s car?

Suggest a suitable physical situation for each of the following graphs.

X v a

A|R
S

(a) (b) ()

Figure gives the x—t plot of a particle executing one—dimensional simple harmonic motion. Give the
signs of position, velocity and acceleration variables of the particle at t = 0.3s, 1.2s, —1.2s.
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Q.20 Figure gives the x-t plot of a particle in one—dimensional
motion. Three different equal intervals of time are shown. In
which interval is the average speed greatest, and in which is it
the least? Give the sign of average velocity for each interval.

Q.21 Figure gives a speed-time graph of a particle in
motion along a constant direction. Three equal
intervals of time are shown. (a) In which interval is
the average acceleration greatest in magnitude? (b)
In which interval is the average speed greatest? (c)
Choosing the positive direction as the constant
direction of motion, give the signs of v and a in the
three intervals. (d) What are the accelerations at the
points A, B, C and D?

Q.22 A three-wheeler starts from rest, acceleratesiniformly with 1 ms % on a straight road for 10s, and
then moves with uniform velocity. Plot distance covered by, the vehicle during the nth second (n =1,
2, 3...) versus n. What do you except this plot to beyduringaecelerated motion: a straight line or a
parabola?

Q.23  On a long horizonally moving belt, a child runs to and fro with a speed 9 kmh™ (with respect to the
belt) between his father and mother located 50, m apart on the moving belt. The belt moves with a
sped of 4 kmh™. For an obsefver on a stationary-platform outside, what is the

(i) speed of the childfunhing in the direction of motion of the belt, _ (""" P
(i) speed of child_running‘epposite to direction of motion of belt, and E(

(iii)  time takenby the child in“(i)and (ii)?

Which of the answers alter if motionis viewed by one of the parents? Father  Child

Speed —

Mother

Stationary observer

Q.24  Two stanes are thrown up simultaneously from the edge of a cliff 200 m high with initial speeds of
15 ms™ and 30 ms™. Verify. that the following graph correctly represents the time variation of the
relative'position of the secand stone with respect to the first. Neglect air resistance and assume that
the stone do not rebound after hitting the ground. Take g = 10 ms 2. Give equations for the linear and
curved parts of the plot.

-1}
(@]

0 1 1 !

5 8 8
L et %

—
o

t(s) —
Q.25 The speed-time graph of a particle moving along a fixed direction is shown in figure. Obtain the
distance travelled by the particle between (i) t = 0 to 10 s (ii) t = 2 to 6 s. What is the average speed
of the particle in intervals in (i) and (ii) ?
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Q.26 The velocity-time graph of particle in one—dimensional motion is shown in figure.
!
o] 3 t‘z t—

Which of the following formulae are correct for describing the motion of the particle over the time
interval t; to t,:

(@) X (t2) = X(t1) + v(ty) x (L2 —t;) + %a (t2— t2)?
(b) v(tz) = v(ty) +a(ta — ) (C) Vay = {X (to)=X(t)}/ (t2 — t2)
(d) aa = {v(t2) — v(t1)}/ (t— t) (€) X(tz) = X(t2) + Vay (t2 — ty) + (%} fay (tp — 11)?

(F) X(t2) — x(t;) = area under the v—t curve bounded by:the t—axissand the dotted line shown.

ANsSwers

1. (i) and (ii) as point object

2. (@) A lives closer than B, (b) A start earlier thamB, (c) B'walks faster than A, (d) Same time,
(e) B overtakes A once
4. 37 sec. 5. 1000 km/h 6. 1250 m 7. 1ms 2
8. T =9 minute, v = 40&km/h
0. (i) vertically dowfward, (ii)\v = 0, a=,9.8/ms * vertical downward,

(iii) upward motieny— position = +ve, v =—ve, a = +ve
downward motion = position = +ve, v = + ve, a = +ve
(iv) 444dlm, 6 sec
10. (a) true;(b) false, (c) true, (d) false
13. (i) v,, =5 km/h, vy, =5 km/h (ii) v,, = 0 km/h, v,, = 6 km/h (iii) v, = 1.875 km/h, v,, = 5.625 km/h

15,4 allare impossible 16.  No 17.  105ms™

19. () x<0pw.<0,a>0, (ii)x>0,v>0,a<0, (iii)x<0,v>0,a>0

20. V,, IS greatestin interval 3, v,, is least in interval 1, v, is +ve in interval 1 & 2, v,, is —ve in interval
3

21. (2) a4 is greatest in interval 2, (b) v, is greatest in interval 3,

(c) vis +vein all 3 intervals, ais +ve in 1 & 3 interval, a is —ve in 2 interval
(da=0atpointsA,B,C&D
22. Straight Line 23. (a) (i) 13 km/h, (ii) 5 km/h, (iii) 20 sec
(b) only answer of (i) and (ii) are altered
24. (i) X, — X = 15t (ii) x, = 200 + 30t — 5t*
25. (i) s =20m, V4, =6 m/s (ii) s =36 M, Vo, = 9 m/s
26. only relation ¢, d and f are correct
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Vector and Motion in a Straight Line

Objective Assignment — |

Q.1 A nparticle is constrained to move on a straight line path. It returns to the starting point after 10 s. The
total distance covered by the particle during this time is 30 m. Which of the following statements
about the motion of the particle is true?

(a) displacement of the particle is zero (b) displacement of the particle is 30 m
(c) average speed of the particle is 3 m/s (d) both (a) and (c)

Q.2 A car travels first half of the distance between two places with a speed of 30 km/hr and remaining
half with a speed of 50 km/hr. The average speed of the car is
(@) 37.5 km/hr (b) 42 km/hr (c) 40 km/h (d) 49 km/h

Q.3 If the first one-third of a journey is traveled at 20 km/h, next one-third at 40 km/h and the last one—
third at 60 km/h, the average speed of whole journey will be

(a) 32.7 km/h (b) 35 km/h (c) 40 km/h (d) 45 km/h
Q4 Given a = 2t + 5. Calculate the velocity of the body after five sec if it starts from rest.
(a) 50 m/s (b) 25 m/s (c) 100 m/s (d)¢5 m/s

Q.5  The displacement of a particle moving in straight line is given by'Xa= 2t°> + t +/5, where X is
expressed in metres and t in seconds. The acceleration at t = 2 sec is
() 4 m/s? (b) 10 m/s? (c) 8 m/s? (d) 15 m/s’

Q.6 The velocity of a particle at an instant is 10 m/s. After 3s.its velocity will become 16 m/s. The
velocity at 2 s, before the given instant will be
(@) 6 m/s (b) 4 m/s (c) 2 mis (d) 1 m/s

Q.7 A body initially at rest is moving with uniform-acceleration a. Its velocity after n seconds is v. The
displacement of the body in last 2 s is

2v(n-1 v(n-1 v(n +1 2v(n+1
(a) 2v(n-1) (b) vin-1) (©) Vin +1) (d) 2v(n+1)
n n n n
Q8 If a ball is thrown vertically upwards with*40xm/s, its velocity after two sec will be
(@) 10 m/s (b) 30 m/s (c) 20Mm/s (d) 40 m/s

Q.9 A stone released with zerofvelocity from top of the tower reaches the ground in 4 sec. The height of
the tower is about
(@20m (b) 80 m (c)40m (d) 160 m

Q.10 A sstone falls freely such'that the distancecovered by it in the last second of its motion is equal to the
distance covered by.it in the first 5 seconds. It remained in air for
(@) 12 sec (b) 13 sec (c) 25 sec (d) 26 sec

Q.11 A body_sliding on a smoeth inclined plane requires 4 seconds to reach the bottom, starting from rest
at thedop. How much time does it take to cover one—fourth the distance starting from rest at the top?
(@) 1se¢ (b) 4 sec (c) 2 sec (d) 16 sec

Q.12 A body falling from rest describes distances s;, s, and s; in the first, second and third seconds of its
fall, then the ratio s; : s, : S5 iS
@101 (b)1:3:5 (c)1:2:3 (d1:4:9

Q.13  When aball is thrown vertically upwards, at the maximum height
(a) the velocity is zero and therefore there is no acceleration acting on the particle
(b) the acceleration is present and therefore velocity is not zero
(c) the acceleration depends on the velocity as a = dv/dt
(d) the acceleration is independent of the velocity

Q.14 A police jeep is chasing with velocity 45 km/h. A thief in another jeep is moving with 155 km/h.
Police fires a bullet with a muzzle velocity 180 m/s. The bullet strikes the jeep of the thief with a

velocity

(@) 27 ms™ (b) 150 ms™ (c) 250 ms™ (d) 450 ms*
Q.15 Velocity-time curve for a body projected vertically upwards is

(a) ellipse (b) hyperbola (c) parabola (d) straight line
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Vector and Motion in a Straight Line
Q.16  Which of the following distance-time graph shows accelerated motion?

@) (b) (© (@)

7] @
W
g ] g g
(-1 [ o] <
B} 3 @ @
< = 2 2
] 8] a
(=) ) (a)
- Time Time
Time Time

Q.17  Acceleration—-time graph of a body is shown.
a

t

The corresponding velocity—time graph of the same body is:

(@) (b) © @
‘/ \ }\ / {’ : K
f t

Q.18  What will be ratio of speed in first two secondsfo the sped in next 4 seconds?

N

(a) v2:1 (b)3.: 1 ©2:1 d1:2

Q.19 You drive a car at a speed of 70 km/h in a straight road for 8.4 km, and then the car runs out of
petrol. You walk forf30 min to reach a petrol pump at a distance of 2 km. The average velocity from
the beginning ofayour drive till you'reachdhe petrol pump is

(a) 16.8 km/h (b) 35 km/h (c) 64 km/h (d) 18.6 km/h
Answers
1. d 2. a 3. a 4, a 5. a
6. a 7 a 8. c 9. b 10. b
11. c 12 d 13. d 14, b 15. d
16. a 17. o 18. c 19. a

Objective Assignment — |1

Q.1 A car covers the first half of the distance between two places at 40 km/h and another half at 60 km/h.
The average sped of the car is
(@) 40 km/h (b) 48 km/h (c) 50 km/h (d) 60 km/h

Q.2 A bus traveling the first one—third distance at a speed of 10 km/h, the next one-third at 20 km/h and
the last one—third at 60 km/h. The average speed of bus is
(@) 9 km/h (b) 16 km/h (c) 18 km/h (d) 12 km/h

Q.3 A particle moves along a straight line OX. At a time t (in seconds) the distance x (in metres) of the
particle from O is given by x = 40 + 12t — t®. How long would the particle travel before coming to
rest?
(@16 m (b) 24 m ()40 m (d) 56 m
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Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Vector and Motion in a Straight Line
The position x of a particle varies with time t as x = at? — bt®. The acceleration will be zero at time
t equal to
(@) a/3b (b) zero (c) 2a/ 3b (d) a/b
Motion of a particle is given by equation s = (3t* + 7t* + 14t + 8) m. The value of acceleration of the
particle at t = 1sec is
(a) 10 m/s? (b) 32 m/s? (c) 23 m/s* (d) 16 m/s®
A particle moves along a straight line such that its displacement at any time t is given by
s = (t2 — 6t° + 3t + 4) metres. The velocity when the acceleration is zero is
(@) 3m/s (b) 42 m/s (c)-9mis (d) —15m/s
The displacement x of a particle varies with time t as x = ae ' + beP, where agh, o and [ are positive
constants. The velocity of the particle will
(a) be independent of (b) drop to zero where'a,= 3
(c) go on decreasing with time (d) go on increasing with time
The position x of a particle with respect to time t along x—axis is‘givenby x = 9t? — t3 where x is in
metres and t in seconds. What will be the position of this particle when it,achieves maximum speed
along the +x direction?
(@54 m (b) 81 m (Ch24m (d) 32m
The acceleration experienced by a moving motor/boat, after its engine is cut off, is given by
dv/dt = — kv®, where k is constant. If vq is the magnitude of velogity. at cut—off, the magnitude of the
velocity at a time t after the cut off is

Vb
J2V2kt+1

A particle moving along x—axis has acceleration f at time t, given by f = f, (1—%) , Where foand T

(a) vo/2 (b) vo (c) (d) voe

are constant. The particle atd = 0 has zero velocityzin the time interval between t = 0 and the instant
when
f=0, the particle’s velocity vy IS

(@) %foTz O, T? © %fOT () T

The acceleration of ayparticle is increasing linearly with time t as bt. The particle starts from origin
with an initial velocity. V. The distance traveled by the particle in time t will be
(a) vot+%bt2 () v0t+%bt2 ©) v0t+%bt3 (d) v0t+%bt3

The velocity of train increases uniformly from 20 km/h to 60 km/h in 4 hours. The distance traveled
by.the trainiduring this period is

(2) 160 km (b) 180 km (c) 100 km (d) 120 km

A car movingiwith a speed of 40 km/h can be stopped by applying brakes after atleast 2 m. If the
same car is moving with a speed of 80 km/h, what is the minimum stopping distance?

@4m (b) 6 m (c)8m (d2m

A car is moving along a straight road with a uniform acceleration. It passes through two points P and
Q separated by a distance with velocity 30 km/h and 40 km/h respectively. The velocity of the car
midway between P and Q is

(a) 33.3 km/h (b) 20v2 km/h (c) 25\2 km/h (d) 35 km/h

A car accelerates from rest at a constant rate o. for some time after which it decelerates at a constant
rate B and comes to rest. If total time elapsed is t, then maximum velocity acquired by car will be

S.C.O. 16-17 DISTT. SHOPPING CENTRE HUDA GROUND URBAN ESTATE JIND Ph:- 9053013302

Page No: 58



Vector and Motion in a Straight Line

(a) ((12 _Bz)t (b) (0“2+Bz)t (C) ((X+B)t (d) (l_Bt
af af af o+p
Q.16  If a ball is thrown vertically upwards with speed u, the distance covered during the last t seconds of
its ascent is
(a) ut (b) 1/2 gt? (c) ut—1/2 gt? (d) (u + gt)t
Q.17 What will be the ratio of the distances moved by a freely falling body from rest in 4" and 5" seconds
of journey?
(@4:5 (b)7:9 (c)16: 25 d1:1

Q.18 Two bodies A (of mass 1 kg) and B (of mass 3 kg) are dropped from heights of 16m and 25m,
respectively. The ratio of the time taken by them to reach the ground is
(a) 4/5 (b) 5/4 (c) 12/5 (d) 5/12

Q.19 A ball is thrown vertically upward. It has a speed of 10 m/sec when it has reached one half of its
maximum height. How high does the ball rise? Take g = 10 m/s%
@ 10m (b) 5m (¢)15m (d) 20 m

Q.20 A body dropped from a height h with initial velocity zero, strikes the ground with a/velocity 3 m/s.
Another body of same mass dropped from the same height h with an initial velecity of 4 m/s. The
final velocity of second mass, with which it strikes thesground, is
(@) 5m/s (b) 12 m/s (c) 3m/s (d) 4 m/s

Q.21  The water drop falls at regular intervals from astap 5Smrabove the ground. The third drop is leaving
the tap at instant the first drop touches the ground. How far above the ground is the second drop at
that instant?
@) 3.75m (b) 4.00 m (c) 1.25m (d) 250 m

Q.22  Arrubber ball is dropped from a height'ef 5m on a plane.'On bouncing it rises to 1.8 m. The ball loses
its velocity on bouncing by a factor of
(@) 3/5 (b) 2/5 (c) 16/25 (d) 9/25

Q.23 The displacement-time graph of a moving particle’is shown ahead. The instantaneous velocity of the
particle is negative at thé point

1|

5

£ D

2l E 7

%

Time —
() E (b)F (c)C (d) D
Answers

1. b 2. c 3. d 4 a 5. b
6. c 7. d 8. a 9 c 10. c
11. Cc 12. a 13. c 14 c 15. d
16. b 17. b 18. a 19 a 20. a
21. a 22. b 23. a

Obijective Assignment — 111
Q.1 A body dropped from top of a tower falls through 40 m during the last two seconds of its fall. The
height of tower (g = 10 ms ™) is
(@ 60m (b) 45 m (c)80m (d) 50 m
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Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Vector and Motion in a Straight Line
A train of 150 metre length is going towards north direction at a speed of 10 m/s. A parrot flies at the
speed of 5 m/s towards south direction parallel to the railways track. The time taken by the parrot to
cross the train is
(a) 12 sec (b) 8 sec (c) 15 sec (d) 10 sec
A particle starts its motion from rest under the action of a constant force. If the distance covered in
first 10 seconds is S; and that covered in the first 20 seconds is S,, then
(@) S2=S, (b)S;=28S, (c) S2=3S; (d) S, =4S,
A bus is moving with a speed of 10 ms™ on a straight road. A scooterist wishes to overtake the bus in
100 s. If the bus is at a distance of 1 km from the scooterist, with what speed should the scooterist
chase the bus?
(@) 10 ms* (b) 20 ms™* (c) 40 ms* (d) 25ms™
The displacement of a body is given to be proportional to the cube of time elapsed. The magnitude of
the acceleration of the body is
(2) increasing with time (b) decreasing with time (c) constant but not zero (d) zero
A particle starts from rest and has an acceleration of 2 ms™ for 10s. Aftenthat, the particle travels for
30s with constant speed and then undergoes a retardation of 4 ms2 and comes back t0 rest. The total
distance covered by the particle is
(@) 650 m (b) 700 m (c) 750 m (d) 800 m
The body A starts from rest with an acceleration a;.After 2s, anether body B starts from rest with an
acceleration a,. If they travel equal distances in.the 5™ sécond after the start of A, then the ratio a; : a,
is equal to
@5:9 (b)5:7 (c)9:5 ()9:7
Three different objects of masses myfm, and m; areallowed‘to fall from the same point O along
three different frictionless paths. The speeds of three objects, on reaching the ground, will be in the
ratio of
@ mg:my,:m; (b) m; : 2m, : 3m; ©1m;:1l/my:1l/m; (d)1:1:1
When a ball is thrown upertically with velocity vy, it reaches a maximum height of h. If one wishes
to triple the maximum height; then the ball should be thrown with velocity
() V3 vo (b) 3vo (c) 9v, (d) 3vp/2
Which of the following velocity—time graph shows a realistic situation for a body in motion?

@ v /z/ b v © "L e d
t t

t

t

A train started from rest from a station and accelerated at 2 ms™ for10s. Then, it ran at constant
speed'for. 30s and thereafter it decelerated at 4 ms until it stopped at the next station. The distance
between two station is

(@) 650 m (b) 700 m (c) 750 m (d) 800 m

A ball falls from 20 m height on floor and rebounds to 5m. Time of contact is 0.02 sec. Find
acceleration during impact.

(a) 1200 m/s® (b) 1000 m/s* (c) 2000 m/s® (d) 1500 m/s*

A ball is dropped from top of a tower of 100 m height. Simultaneously another ball was thrown
upvg;trd from bottom of the tower with a speed of 50 m/s. They will cross each other after (g = 10
m/s®):

(@) 1sec (b) 2 sec (c) 3sec (d) 4 sec
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Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Vector and Motion in a Straight Line
A ball thrown upward from the top of a tower with speed v reaches the ground in t; second. If this
ball is thrown downward from the top of the same tower with speed v, it reaches the ground in t,
seconds. In what time will the ball reach the ground if it is allowed to fall freely under gravity from
the top of the tower?

t, +t,
a —_— &
(@) 5

DR © Jut, @b+t

Which of the following options is correct for the object having a straight line motion represented by
the following graph?

(a) object moves with constantly increasing velocity from O to A and then it
moves with constant velocity.

(b) velocity of the object increases uniformly I
(c) average velocity is zero
(d) the graph shown is impossible. A

D

O 5 —
The driver of a train traveling at 115 kmh™ sees on the same track, 100 mYin_ front of him, a slow
train traveling in the same direction at 25 kmh™. The leastiretardation that must be applied to faster
train to avoid collision is
(a) 25 ms (b) 50 ms 2 (C) 75:ms+ (d) 3.125 ms ™2

The acceleration ‘a’ of a particle staring from rest varies with time according to relation a = at + .
The velocity of the particle after a time ‘t’ will be

at? at? > 1 at? +p
a) —+ b) —+pt C) at* +—=pt d
()2 B ()2 B (c) a L (d) 3
The graph of displacement vs. time is

t
The corresponding velocity—time graph will be
(9) v (b) v () v @ v
t t l \ t Y t

A body-starting from rest moves along a straight line with constant acceleration. The variation of
speed v with distance s is
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Vector and Motion in a Straight Line

@ ®
() v, j (d) v{

Q.20 A ball is thrown vertically upwards. Which of the following plots represents the'speed—time graph of
ball during its flight, if the air resistance is not ignored?

(@) ®) © (d)
t t

Answers
1. b 2. d 3. d 4, b 5. a
6. c 7. a 8. d 0. a 10. b
11. c 12. d 13. b 14. c 15. c
16. d 17. b 18. a 19. b 20. a
IIT JEE Assignment

Q1 Figure shows the displacement-time graph of a particle moving on the X—-axis  «x

@) the particle is continuously going in positive x direction

(b) the particle isat rest

(c) the velocity increases up to atimeds, and then becomes constant .

(d) the particle,moves at a constant velocity up to a time to, and then stops

Q.2 A particle has a velacity/u towards east at t = 0. Its acceleration is towards west and is constant. Let
Xa and xg be the magnitude of displacements in the first 10 seconds and the next 10 seconds

() XA'S Xs (0) Xar= Xs (C) Xa>Xa
(d) the information is insufficient to decide the relation of x, with xg

Q.3 A A personitravelling on a straight line moves with a uniform velocity v; for some time and with
uniform velocity v, for the next equal time. The average velocity v is given by

v, +V, 2 1 1 1 1 1
a) V=—-oo= b) v=,/v,v C) —=—+— d ==—+—
(@) v="2 (b) v=yvv, © =t @ =

Q.4 A person travelling on a straight line moves with a uniform velocity v, for a distance x and with a
uniform velocity v, for the next equal distance. The average velocity v is given by

Vv, +V, 2 1 1 1 1 1
a) v=——= b) v=,/v,v C) —=—+— d ==—+=—
(@) v=—-" (b) v=uy, © = Ol

Q.5 A stone is released from an elevator going up with an acceleration a. The acceleration of the stone
after the release is

(a) a upward (b) (g — a) upward (c¢) (g —a) downward (d) g downward
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Q.6

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Vector and Motion in a Straight Line

In the arrangement shown in figure, the ends P and Q of an inextensible string move downwards
with uniform speed u. Pulleys A and B are fixed. The mass M moves upwards with a speed

(@) 2u cos 6 (b) u/cos ©

(c) 2u/ cos © (d) ucos6

Consider the motion of the tip of the minute hand of a clock. In one hour . 1
(2) the displacement is zero (b) the distance covered is zero

(c) the average speed is zero (d) the average velocity is zero

A particle moves along the X—axis as X = u (t — 2s) + a(t — 2s)?

(@) the initial velocity of the particle is u (b) the acceleration of the particle is a

(c) the acceleration of the particle is 2a (d) att = 2 s particle is at theforigin

Pick the correct statements:

@ Average speed of a particle in a given time is never less than the magnitude of the average
velocity

(b) It is possible to have a situation in which 3\:

£ 0but L 1v|=0
dt

(©) The average velocity of a particle is zero ina time interval. Tt is possible that the
instantaneous velocity is never zero in the intérval

(d) Average velocity of a particle moving on @ straightgline, is zero in a time interval. It is
possible that instantaneous velocity issever zero in“the interval. (Infinite accelerations are
not allowed)

An object may have

(a) varying speed without having varying velocity

(b) varying velocity without having varying,speed

(c) non zero acceleration without having varying velocity

(d) nonzero acceleration without varying speed

Mark the correct statements for. a particle going on a straight line:

(a) If the velocity and acceleration,have oppasite sign, the object is slowing down.

(b) If the positionand velocity have opposite sign, the particle is moving towards the origin
(c) If the velocity is zero at an instant; the acceleration should also be zero at that instant

(d) If the velocity“ishzero for a time interval, the acceleration is zero at any instant within time
interval

The yelocity of a particleis zero att =0

() The acceleration at t = 0'must be zero (b) The acceleration at t = 0 may be zero
(c) If the acceleration is zero fromt = 0 to t = 10 s, the speed is also zero in this interval

(@)lf the speed is zero fromt = 0 to t = 10 s the acceleration is also zero in this interval
Mark-the'cerrect statements:

(a) The magnitude of the velocity of a particle is equal to its speed

(b) The magnitude of average velocity in an interval is equal to its average speed in that interval

(c) It is possible to have a situation in which speed of a particle is always zero but average speed is not
zero

(d) It is possible to have a situation in which the speed of the particle is never zero but the average
speed in an interval is zero

v (m/s)
Velocity time plot for a particle moving on a straight line is shown in figure. 1o K
(a) The particle has a constant acceleration 0

(c) The particle has zero displacement

(b) The particle has never turned around _,0’ HNE X0
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Vector and Motion in a Straight Line
(d) The average speed in the interval 0 to 10 s is the same as the average
speed in the interval 10s to 20s.
Q.15 Figure shows the position of a particle moving on the X—axis as a function of time.
(a) The particle has come to rest 6 times o
(b) The maximum speed is at t = 6s
(c) The velocity remains positive fort=0tot=6s o
(d) The average velocity for the total period shown is negative

20

: 4 6 )
Q.16  The acceleration of a particle as seen from two frames S; and S; have equal magnitudé 4 m/s®,
(a) The frames must be at rest with respect to each other
(b) Frames may be moving w.r.t. each other but neither should be accelerated with respect to other
(c) The acceleration of S, with respect to S; may either be zero or 8 m/s’
(d) The acceleration of S, with respect to S; may be anything betweén.zero and 8 m/s?

Comprehension Type Questions

Two cars A and B travel in straight line. The distance of A from the starting pointis given as a function of
time by xa (t) = pt + gt?>, with p = 2.60 ms* and q = 1.20 ms %, The distance of B frem straight point is
Xg (t) = rt? — st® where r = 2.80 ms 2 and s = 0.20 ms . Answepsthe following questions:

Q.17  Which car is ahead just after they have the starting point?

() Car A moves ahead (b) Car'B moves ahead

(c) Cars A and B move simultaneously (d) Data is insufficient to decide
Q.18 At what time (s) are the cars at the same point?

(@) 2.60 (b) 2.27 s (c)5.7385s (d) both 2.27 and 5.73 s
Q.19 At what time (s) do the cars A and B have the same accelgration?

(@) 2.67s (b) 6.27 s (c) 4.335s (d) both 6.27 and 4.33 s

Matrix—Match Type Questions

Directions: In each of the following guestions, match column | and column Il and select the correct match
out of the four given choices.

Q.20 A ball thrown up is‘caughtiby the thrower after 4 seconds. Use g = 9.8 ms ™

Column =l Column — 11
(A) The height of ball,after 2 seconds (p) 14.7m
(B) The,height of ball'after 3 seconds (g) 19.6 m
(C) The speed of the ball"after.3 seconds (N9.8ms*
(D) The'speed of the ball after 4 seconds (s) 19.6 ms™
Q.21 (The velogity (v) — time (t) graph of a body moving in a straight line is shown in figure. Match the
guantities af column 1 and column I1. v (ms~)
Column -1 Column—-11 A
(A) distance travelled in 8 seconds (p) 40 m - /\ E _F
(B) distance travelled in 10 seconds (g) 60 m 4 B o[_] S i)
(C) Displacement in 8 seconds (r80m 45 2 1 ®
(D) Displacement in 10 seconds (s) 100 m -
Q.22 Column -1 Column -1
(A) Linear Motion (p) Motion of a bullet fired directly on a target from a distance

(B) Translatory motion (q) Motion of a particle on a straight line confined in a well defined limits
(C) Oscillatory Motion (r) A body sliding down on an inclined plane
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Q.23

Q.24

Vector and Motion in a Straight Line
(D) Projectile motion  (s) Motion of a bus on a straight path
Column -1 Column -1
(A) One dimensional motion  (p) The motion of earth around the sun in an orbit
(B) Two dimensional motion  (q) Motion of the gas molecules in the given region

(C) Three dimensional motion (r) Sommer sault by a swimmer from a height before entering the
water

(D) Rotational Motion (s) Oscillations of a mass suspended from a vertical spring

A point mass body starts from rest and moves from A to D on a straight path ABCD as shown in
figure.

Column -1 Column —11

Q.25

Q.33

(A) Constant velocity (p) Motion from A to B A B c D
(B) Variable velocity (g) Motion fromBto C t=0 2s 4s 6s
(C) Uniform acceleration (r) Motion from Ato D :-_w_m;; —

(D) Variable acceleration (s) Motion from Ato C +«————80m ——»

A bird flies for 4s with a velocity of | t — 2 | m/s in a straight line, where t=itime in seconds. It covers
a distance of

@2m (b) 4 m (c) 6.m (d)8m

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;metion Is

@a~0 (b) 0.5m (c)2m (d) none of these

For a particle moving along a straight line, displacement x dependson time t as x = at® + pt* + yt + .
The ratio of its initial acceleration to itsdnitial velocityidepends

(@) only on e and 3 (b) only on3 andy (c) onlyion o and y (d) only on o

Water drops fall at regular intervals from aroef. At an instant when a drop is about to leave the roof,
the separations between 3 successive drops below,the roof are in the ratio

@1:2:3 (b)1:4:9 (€)1:3:5 (d1:5:13

A balloon starts rising from'the ground with an acceleration of 1.25 m/s®. After 8 s, a stone is
released from the balloons, The stone will

(a) cover a distance of 40'm (b) have a displacement of 50 m

(c) reach the groundhin 4s (d) begin to move down after being released

An observer moves‘with a constant speed along the line joining two stationary objects. He will
observe'that the two objects

(a) have.the same speed (b) have the same velocity

(c) move.in the same direction (d) move in opposite directions

Which of the following statements are true for a moving body?

(@) Ifits.speed changes, it velocity must change and it must have some acceleration

(b) If its'velocity changes, its speed must change and it must have some acceleration

(c) If its velocity changes, its speed may or may not change, and it must have some acceleration
(d) If its speed changes but direction of motion does not change, its velocity may remain constant
Let v and a denote the velocity and acceleration respectively of a body

(a) a can be non zero whenv =0 (b) a must be zero whenv =0

(c) amay be zero whenv =0

(d) The direction of a must have some correlation with the direction of v

Let Vv and @ denote the velocity and acceleration respectively of a body in one—dimensional motion.

(@) |V | must decrease when & <0 (b) Speed must increase when @ > 0
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Vector and Motion in a Straight Line
(c) Speed will increase when both v and & are < 0

(d) Speed will decrease when v <Oand a> 0
Q.34  The figure shows the velocity (v) of a particle plotted against time (t).

(a) The particle changes its direction of motion at some point.
(b) The acceleration of the particle remains constant 2T
(c) The displacement of the particle is zero ‘/"’

(d) The initial and final speeds of the particle are the same

Q.35 A particle moves along the x—axis as follows: it starts from rest at t = 0 from a point x = 0 and comes
torestatt= 1 at a point x = 1. No other information is available about its motion for the intermediate
time (0 <t < 1). If o denotes the instantaneous acceleration of the particle then

() a cannot remain positive for all tin the interval 0 <t <1

(b) | oo | cannot exceed 2 at any point in its path

(c) | o | must be > 4 at some point or points in its path

(d) o must change sign during the motion, but no other assertion can be‘made with information given

Q.36  The displacement (x) of a particle depends on time (t) ass =at’ — Bt
(a) The particle will return to its starting point after time o/(3
(b) The particle will come to rest after time 2a/3
(c) The initial velocity of the particle was zere'but its initial acceleration was not zero
(d) No net force will act on the particle at t = o/3
Q.37 A particle moves with an initial velocity.vo and retardation av, where v is its velocity at any time t.
(a) The particle will cover a total distance We/oe  (b) The particle will come to rest after a time 1/a.
(c) The particle will continue to move for a'very long time
(d) The velocity of the partiele will become v,/2 aftera time 1/a
Subjective Questions

Q.38  Figure shows x-t graph_of a particle. Find the time t such that the average velocity of the particle
during the period O%to t'is zero.

X Iinm

of 10 20
t in second
Q.39 sA nparticle starts from a point A and travels along the solid curve shown in figure. Find
approximately the position B of the particle such that the average velocity between the positions A
and Brhas the same direction as the instantaneous velocity at B.

y

x

¢ 2m 4m Bm

Q.40 A police jeep is chasing a culprit going on a motorbike. The motorbike crosses a turning at a speed
of 72 km/h. The jeep follows it at a speed of 90 km/h, crossing the turning ten seconds later than
bike. Assuming that they travel at constant speeds, how far from turning will the jeep catch up with
bike?

Q.41 A car travelling at 60 km/h overtakes another car travelling at 42 km/h. Assuming each car to be
5.0m long, find the time taken during the overtake and the total road distance used for the overtake.
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Vector and Motion in a Straight Line

Answers

1 d 2 d 3 a 4 c 5 d
6 b 7 a, d 8 c,d 9 a,b,c 10 b, d
11 a, b, d 12 b, cd 13 a 14 a, d 15 a
16 d 17. a 18. d 19. a

20. A-g;B-p;C-r,D-s 21. A-1B-s,C-—p,D—q

22. A-q,r1,5B-q,rs,C-q,D-p 23 A-s,B-p,rC-q,D-r

24. A-q;B-pr,s;C-p;D-r,5 25 d 26 b

27 b 28 C 29 c 30 a,b,c
31 a,c 32 a,c 33 c,d 34 a, bye, d
35 a, C 36 a,b,cd 37 a,C 38. 12 s

39. X=5m,y=3m 40. 1.0 km 41. 25,38 m
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