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3. Motion in a straight line

IMPORTANT POINTS

>

>
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Study of motion of objects along a straight line is known as rectilinear motion.

If a body does not change its position with time it is said to be at rest. If it changes
its position with time it is said to be in motion. The position of the object can be
specified with reference to a conveniently chosen origin. For motion in a straight
line, position to the right of the origin is taken as positive and to the left as negative.

Path length is defined as the total length of the path traversed by an object.

Displacement is the change in position : Ax=x,-x1, Path length is greater than or
equal to the magnitude of the displacement between the two positions

An object is said to be in uniform motion in a straight line if its displacement is equal
in equal intervals of time. Otherwise the motion is said to be non-uniform.

Average velocity is the ratio of the displacement and time interval in which the
displacement occurs.

V=0x/At

On an x-t graph, the average velocity over a time interval is the slope of the line
connecting the initial and final positions corresponding to that interval.

Average Speed is ratio of the total path length traversed and the corresponding time
interval. The average speed of an object is greater than or equal to the magnitude of
the average velocity over a given interval of time.

Instantaneous velocity or simply velocity is defined as the limit of the average
velocity as the time interval At becomes infinitesimally small.

Vinee=limit V= limit Ax/At = dx/dt
At->0 At->0

The velocity at a particular instant is equal to the slope of the tangent drawn on
position —time graph at that instant.

Average acceleration is the change velocity divided by the time interval during which
he change occurs.

a=AV/At
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> Instantaneous acceleration is defined as the limit of the average acceleration as the

time interval At goes to zero.
a =lim (a) =lim (AV/At) = dv/dt

At->0At->o0

The acceleration of an object at a particular time is the slope of the velocity- time e
curve at that instant of time.For uniform motion, acceleration is zero and x-t graph
is a straight line inclined to the time axis. And v-t graph is a straight line parallel to
the time axis.For motion with uniformacceleration, x-t graph is a parabola, while
the v-t graph is a straight line inclined to the time axis.

» The area under the velocity- time curve between times t; and t, is equal to the
displacement of the object during that interval of time.

» For objects in uniformly accelerated rectilinear motion, the five quantities,
displacement x, time taken t, initial velocity u, final velocity v and acceleration are
related by a setoff simple equations called kinematic equations of motion.

(i) V= u+ at
(i) X=ut+%at
(iii) V>-u’=2ax

Solve the following. Each question carries 1 mark.

1. Distinguish between scalar and vector quantities.Give an example in support of
each.

2. Define speed. How is it different from velocity?

3.Define uniform velocity and variable velocity?

4.Plot the velocity- time graph for a uniform motion. What does the areaunder

the graphs indicate?

5.Write any two equations of motion of a body moving with uniform acceleration.
6. Plot a velocity- time graph for a body moving with uniform acceleration.

7.Plot position —time graph for a body having uniformly retarded motion

8. What does the speedometer of car indicate?
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9. Two cars are running at velocities of 60 km /hr and 45 km/hr respectively.
Calculate the relative velocity of car A, if (i) they are both travelling eastwards; and
(i) car A is travelling eastwards and car B is travelling westwards.

10. A body goes from A to B with a velocity of 40 m/sec, and comes back
from B to A with a velocity of 60 m/sec.What is the average velocity of the

body during the whole journey.

Answer the following questions each question carries 2 marks

11. A player throws a ball upwards with an initial speed of 39.2 m/sec.

(a) What is the direction of acceleration during the upward motion?

(b) Find the velocity and acceleration of the ball at the highest point.

(c) Find the height through which the ball rises, and the time after which it returns
to the player’s hands.

12. From the top of a tower 100m height, balls is dropped, and at the same time
another ball is projected vertically upwards from the ground with a velocity of 25
m/sec. find when and where the two balls meet. Take g =9.8 m/sec’

13.The distance travelled by a body is found to be directly proportional to the square
of time. Is the body moving with uniform velocity or with uniform acceleration?

14.The displacement (x) of a particle moving in one dimension, under the action of a
constant force related to time t by the relation t=Vx+3 where x is in meters, and t
is in seconds. Find the displacement of the particle when its velocity is zero.

15. Can a body have zero velocity, and finite acceleration?
16. Can a body have constant speed, but a varying velocity?
17.Can a body have constant velocity, but a varying speed?

18. Why is itthat a parachute descends slowly whereas a stone dropped from the
same height fallsrapidly?

19.Look at the graphs (a) to (d) in fig carefully and state with reasons which of these
cannot possibly represent one dimensional motion of a particle.
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@ > (b)

Total path length

(c) (d)

ANEIVAN
I\

Speed t-

20. Fig 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

y | AT

t->
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21.The acceleration —time graph for a body is shown below. Plot the corresponding velocity-
time graph

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

X

\ t fig (i)
—

fig (ii)

N\
\ AN

4

22. Give the equations of motion of a body falling under gravity. Also give the graphs
showing the variation of (i) acceleration of a body with time
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(i) Velocity of a body with time
(iii) Distance with time in case of a freely falling body.
23. Discuss the motion of an object under free-fall.

24. Derive a relation between the position and time for a particle moving with uniform
acceleration.

25. Derive a relation for the distance covered in the nth secondby a uniformly accelerated
body.

26. Show that when a body has uniformly accelerated motion, the distance covered itin a
certain interval is equal to the area under the velocity-time graph for that time interval.

27. A body is moving with uniform acceleration its velocity after 5 seconds is 25 m/sec and
after 8 seconds is 34 m/sec. Calculate the distance it will cover in the 10" second.

28. The speed of a train increases at a constant rate a from zero, to v, and then remains
constant for an interval, and finally decreases to zero at a constant rate B. If L be the total
distance described, prove that the total time taken is

(L/v) +(v/2) (1/a + 1/B)

29. A body moving with a uniform acceleration describes 12 m in the third second of its
motion and 20m in the fifth second. Find the velocity after 10 seconds.

Description of Motion in Two and Three Dimensions

Main Points:

1.Scalar quantities with magnitudes only. Examples aredistance, speed mass and
temperature.

2.Vector quantities with magnitude and direction both. Examples aredisplacement, velocity
and acceleration. They obey special rules of vector algebra.

3.A vector 'A’ multiplied by a real number‘N’ is also a vector, whose magnitude is‘’A’times
the magnitude of the vector’ A ‘and whose direction is same or opposite depending upon
whether‘N’ is positive or negative.

4.Two vectors A and B may be added graphically using head to tail method or parallelogram
method.
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5. Vector addition is commutative:
A+B=B+A

It also obeys the associative law:
(A+B)+C=A+(B+C)

6.A null or zero vector is a vector with zero magnitude. Since the magnitude is zero, we
don’t have to specify its direction. It has the properties:

A+0=A

A0 =0

7.The subtraction of vector B from A is defined as the sum of A and —B:
A-B=A+(-B)

8.A vector A can be resolved into components along two given vectors a and b lying in the
same plane:

A=A a + pb whereA and p are real numbers.
9.A unit vector associated with a vector A has magnitude one and is along the vector A :

nh= A/‘ A | The unit vectors i",jh k” are vectors of unit magnitude and point in the
direction of x, y, and z- axes respectively in a right handed coordinate system.

10. A vector ‘A’ can be expressed as

A=A,iM+ A/ j "where A, A jare components along x- and y- axes . If vector A makes an
angle © with the x- axis, then A, = A cos©, A,= Asin© and A = ‘ A ‘ =V( AC+ Ayz),

Tan © = A/A.

11. Vectors can be conveniently added using analytical method. If sum of two vectors‘ A’
and ‘B’, that lie in x-y plane is ‘R’, then:

R=R,i"+R,j*, where Rx = A+ B, and R, = A, + B,

12. The position vector of an object in x-y plane is given by r =x i* +y j* and the
displacement from position r to position r’ is given by

Ar=r'-r

= (X-x)ir + (y'-y)ir
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X

=Ax M + Ay jA
13. If an object undergoes a displacement Ar in time At, its average velocity is given by

V = Ar/At. The velocity of an object at time t is the limiting value of the average velocity as
At tends to zero..

V=lim Ar/At = dr/ dt .It can be written in unit vector notation as
At—0
V=v,i® + vjr + v, kA where V, = dx/dt, V, = dy/dt ,V,= dz/dt

When position of an object is plotted on a coordinate system v is always tangent to the
curve representing the path of the object.

14. If the velocity of an object changes from v to v’ in time At, then its average acceleration
is given by a = (v-v')/At= Av/At

The acceleration a at any time t is the limiting value of a asAt-> 0

a =lim Av/At =dv/dt
At—>0
In component form, we have a = a,i* + a, j» +a, k”
Where a, = dv,/dt, a, = dv,/dt, a, = dv, /dt
15. If an object is moving in a plane with constant acceleration a = ‘ a ‘ =V(a’ + ayz)

And its position vector at time t = 0 is ro, then at any other time t, it will be at a point given
by

r=r0+V0t+1/zat2

and its velocity is given by :

V=Vt +atwhere V;is the velocity attimet=0
In component form

X =Xg+Voxt + %2 ay t?

Y=yo+ Vo, t + % a, t?

Vi=Vox+a,t
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Vy=Voy +ayt

Motion in a plane can be treated as superposition of two separate simultaneous one
dimensional motions along two perpendicular directions.

16. An object that is in flight after being projected is called a projectile.If an object is
projected with an initial velocity Vo making an angle 6, with x=axis and if assume its initial
position to coincide with the origin of the coordinate system, then the position and velocity
of the projectile at time t are given by

X = (VocosOy)t

Y = (Vo sin Qg)t-% gt

V,=Vox = Vo €0SO¢

Vy = Vgsin©g — gt

The path of a projectile is parabolic and is given by
Y= (tan ©,) x — gx*/2V,Cos 6,)’

The maximum height that a projectile attains is

H m- (Vosin©o)*/2g

The time taken to reach this height is

tm= VoSin 6y/g

The horizontal distance travelled by a projectile from its initial position to the position it
passes y = 0 during its fall is called the RANGE, R of the projectile. It is:

R =V,’Sin 26,/g
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Projectile motion

Motion along
Motion along vertical direction horizontal
direction

No force in the horizontal
direction and hence
horizontal velocity
remains constant.

Equations of motion of a
body moving with
constant accelaration

force of gravity acting on
the body

17. When an object follows a circular path at constant speed. The motion of the object is
called uniform circular motion. The magnitude of its acceleration is a.= v?/R. The direction of
ac is always towards the centre of the circle.

The angular speed is the rate of change of angular distance. It is related velocity v by

V =w R. The acceleration is ac= w’R.

» If Tis the time period of revolution of the object in circular motion and v is the
frequency then we have w = 2nvV = 2rtvR a= 4™V’ R

» Centripetal force is the name given to the force that provides inward radial
acceleration to a body in circular motion.We should always look for some material
force like tension, gravitational force, electrical force, frictionetc. as the centripetal
force.

18. The path length traversed by an object between two points is not the same as the
magnitude of displacement always. The displacement depends only on the end points;
whereas the path length depends on the actual path. The two quantities are equal only if
the object does not change its direction during the course of its motion. In all other cases,
the path length is greater than the magnitude of displacement.

19. The average speed of an object is greater than or equal to the magnitude of the average
velocity over a given interval of time. The two are equal only if the path length is equal to
the magnitude of the displacement.
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Answer the following

1.When are two vectors equal?

2.What are co-initial and collinear vectors?
3.When are two vectors equal?

4 State the triangle law of vector addition
5.State the parallelogram lawof vector addition.

6.Using the parallelogram law of vectors, find the magnitude and direction of the resultant R
in the following fig

Discuss cases for (i) 8= 0" (ii) ©=90° (iii) © = 180°

7. State three important properties of vector addition.

8.What do you mean by the null vector or zero vector.

9.Write properties of zero vector.

10. Define scalar product of two vectors. Give one example.

11. Define vector product of two vectors? Give one example.

12.Express the area of a parallelogram in terms of cross product of two vectors.

13.Define the following terms associated with projectile motion.
(i) Projectile (ii) trajectory (iii) time of flight (IV) maximum height (v) Horizontal Range

14. Give two examples of projectile motion.

XSO IOK K0 OK XK X0 pOK 0K XK XK 0K 0K X0 0K 50K X0 0K X0 X K X 0K 50K XK 0K XK K 0K X K 50K XX 0K XX 0 0K XX 0K 50K pX 0K X K XX K XX 0K XX 0K XX K XX 0K X K XX K X K XX K XX K XX K XK K XX K X0 K X K XK K X K XX K XX K XX 0K X K XX K X 0K X 0K XX K X K XX 0K X 0K X 0K X K X K XX K XX K XX K X K XX 0K XX 0K X K X K XX 0K X K X K XX K XX K XX K X 0K X K XX 0K X K XK YK K X K XX
KOROIR IR 5K 30 30 308 3030 30K 0 50 30K 0 0% 30K 3 30K 3 5 30k 0 0 0 i 5 0k 0 o 3 0 3 5 0 0 30 0k i 5 0 3 0 K 0 i 0 30 3 0k 3 30 i 0 i 0 i 0 3 30 i 0 i 0 3 50k i 0 i 50 i 0 i 0 ) 0 i 0 i 0 i 50 0 i 0 30 i 0 i 30 i 0 i 0 i 30 i 30 i 0 i 50 i 0 3 0 3 0k i 30 i 0 3 30k i 0 i 50 i 0 3 0 i 3o i 0 i 0 i o i 50 i 30 i 3o i 30 ) 50 ) 3o ) s ik ok

odSadSadSadSadSedSadSadSedSadSadSadSadSadSadSadSadSadSadSadSadSadSadSadSadSadSadadSadadSadSadSadSadSadSadSadSadSedSadSadSadSadSadSadSadSadSadSadSadSadadededed50d3085085085050d0d50d0d503508508 5085050508500 509505050 50d50830d50d50d 50850850 5085085085085 50350350850¢508508504504 50950500508 50830830x

Downloaded from www.studiestoday.com




X

XSO IOK K0 OK XK X0 pOK 0K XK XK 0K 0K X0 0K 50K X0 0K X0 X K X 0K 50K XK 0K XK K 0K X K 50K XX 0K XX 0 0K XX 0K 50K pX 0K X K XX K XX 0K XX 0K XX K XX 0K X K XX K X K XX K XX K XX K XK K XX K X0 K X K XK K X K XX K XX K XX 0K X K XX K X 0K X 0K XX K X K XX 0K X 0K X 0K X K X K XX K XX K XX K X K XX 0K XX 0K X K X K XX 0K X K X K XX K XX K XX K X 0K X K XX 0K X K XK YK K X K XX

Downloaded from www.studiestoday.com

15.Write two applications of projectile motion

16.At what angle with the vertical should a projectile be fired so that its range is maximum?

17. A projectile is fired with ‘u’ at an angle of projection 6. Write

(i) The equation of trajectory

(ii) Expression for the maximum height reached

(iii) Expression for the time of flight

(iv)Expression for the time taken to reach the maximum height.

(v)expression for the horizontal range.

(V1) the other angle of projection for the same horizontal range.

18.Define average angular velocity. Write its units and dimensions.

19.Write the relation between angularvelocity (w), timeperiod (T) and frequency (v).

20.Write relation between angular acceleration and linear acceleration.

21.Find the min velocity for which the horizontal range is 39.2m

22. Prove that the Max horizontal range is 4 times the max height attained by a projectile.
—>

23. Calculate the magnitude of the vector r =(3i*+4j*+7 k")

24. Prove that the vectors (i  + 2j* + 3 k*)and (2i* — j*) are perpendicular to each other.

25.A string can withstand a tension of 25 N. What is the greatest speed at which a body of
mass 1 kg can be whirled in a horizontal circleusing a 1m length of the string?

26. A bullet is fired at an angle of 30° with the horizontalhits the ground 3 km away. By
adjusting its angle of projection, can one hope to hita target 5 km away? Assume the
muzzle speed to be fixed, and neglect air resistance. Take g = 10 m/sec”*

27.Show that the trajectory of a projectile is a parabola.

28.From the top of a building 19.6 m high, a ball is projected horizontally, after how long
does it strikes the ground? If the line joining the point of projection to the point, where it
hits the ground makes an angle of 45° with the horizontal, what is the initial velocity of the
ball?
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29. A projectile is fired at an angle © with the horizontal. Obtain the expressions for (i) the
maximum height attained (ii) the time of flight (iii) the horizontal range.

30. What do you mean by centripetal force ? Derive an expression for the centripetal force.

31. Aninsect trapped in a circular groove of radius 12 cm moves along the groove steadily
and completes 7 revolutions in 100 seconds. (a) What is the angular speed, and the linear
speed of the motion? (b) Is the acceleration vector a constant vector? What is its
magnitude?

32. A cricket ball is thrown at a speed of 28 m/sec in a direction 30° above the horizontal.
Calculate (a) the maximum height, (b) the time taken by the ball to return to thesame level
and (c) the distance from the thrower to the point where the ball returns to the same level.

33. A particle starts rom origin at t=0 with a velocity of 5.0 i* m/sec and moves in x-y plane
under the action of a force which produces a constant acceleration of (3.0i* + 2.0 j*) m/sec’.
What is the y-coordinate of the particle at the instant its x — coordinate is 84 m? (b)What is
the speed of the particle at this time?
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