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Abstract
Acceleration exists where net external force exists.

The acceleration of an object is determined by

the mass of the object and net external force applied. Most important aspect of acceleration is that it is
independent of motion i.e. velocity.

The relationship among velocity, acceleration and force is central to the study of mechanics. Text book
treatment normally divides the scope of study between kinematics (study of velocity and acceleration) and
dynamics (study of acceleration and force). This approach is perfectly ne till we do not encounter some
inherent problem as to the understanding of the subject matter.
One important short coming of this approach is that we tend to assume that acceleration depends on the
state of motion i.e. velocity. Such inference is not all too uncommon as acceleration is dened in terms of
velocities. Now the question is Does acceleration actually depend on the velocity?
There are many other such inferences that need to be checked. Following paragraphs investigate these
fundamental issues in detail and enrich our understanding of acceleration.

1 Velocity, acceleration and force
Acceleration is related to external force. This relationship is given by Newton's second law of motion. For
a constant mass system,

F = ma
In words, Newton's second law states that acceleration (eect) is the result of the application of net
external force (cause). Thus, the relationship between the two quantities is that of cause and eect. Further,
force is equal to the product of a scalar quantity, m, and a vector quantity,

a, implying that the direction of

the acceleration is same as that of the net force. This means that acceleration is though the measurement
of the change of velocity, but is strictly determined by the external force and the mass of the body; and
expressed in terms of change of velocity per unit time.
If we look around ourselves, we nd that force modies the state of motion of the objects. The immediate
eect of a net force on a body is that the state of motion of the body changes. In other words, the velocity of
the body changes in response to the application of net force. Here, the word net is important. The motion
of the body responds to the net or resultant force. In this sense, acceleration is mere statement of the eect
of the force as measurement of the rate of change of the velocity with time.
Now, there is complete freedom as to the magnitude and direction of force being applied. From our real
time experience, we may substantiate this assertion. For example, we can deect a foot ball, applying force
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as we wish (in both magnitude and direction). The motion of the ball has no bearing on how we apply force.
Simply put : the magnitude and direction of the force (and that of acceleration) is not dependent on the
magnitude and direction of the velocity of the body.
In the nutshell,

of the body.

we conclude that force and hence acceleration is independent of the velocity

The magnitude and direction of the acceleration is determined by the magnitude and direction

of the force and mass of the body. This is an important clarication.
To elucidate the assertion further, let us consider parabolic motion of a ball as shown in the gure. The
important aspect of the parabolic motion is that the acceleration associated with motion is simply `g' as
there is no other force present except the force of gravity. The resultant force and mass of the ball together
determine acceleration of the ball.

Parabolic motion

Figure 1:

The resultant force and mass of the ball together determine acceleration of the ball

Example 1: Acceleration
Problem : If the tension in the string is T, when the string makes an angle θ

with the vertical.

Find the acceleration of a pendulum bob, having a mass m.

Solution :

As pointed out in our discussion, we need not study or consider velocities of bob

to get the answer. Instead we should strive to know the resultant force to nd out acceleration,
using Newton's second law of motion.
The forces, acting on the bob, are (i) force of gravity, mg, acting in the downward direction and
(ii) Tension, T, acting along the string. Hence, the acceleration of the bob is determined by the
resultant force, arising from the two forces.
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Acceleration of a pendulum bob

Figure 2

Using parallelogram theorem for vector addition, the resultant force is :

F =

p
p
{m2 g 2 + T 2 + 2mgT cos (180 ◦ − θ)} =
(m2 g 2 + T 2 + 2mgT cosθ)

The acceleration is in the direction of force as shown in the gure, whereas the magnitude of
the acceleration, a, is given by :

√
a=

(m2 g 2 +T 2 +2mgT cosθ)
m

2 External force and possible scenarios
The change in velocity, resulting from the application of external force, may occur in magnitude or direction
or both.

1:

When force is applied in a given direction and the object is stationary.

Under this situation, the magnitude of velocity increases with time, while the body follows a linear path
in the direction of force (or acceleration).

2:

When force is applied in the direction of the motion, then it increases the magnitude of the velocity

without any change in the direction.
Let us consider a block sliding on a smooth incline surface as shown in the gure. The component of
the force due to gravity applies in the direction of motion. Under this situation, the magnitude of velocity
increases with time, while the body follows a linear path. There is no change in the direction of motion.
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A block sliding along smooth incline

Figure 3:

3:

The block moves faster as it moves down the slope

When force is applied in the opposite direction to the motion, then it decreases the magnitude of

the velocity without any change in the direction.
Take the example of a ball thrown vertically in the upward direction with certain velocity. Here, force
due to gravity is acting downwards. The ball linearly rises to the maximum height till the velocity of ball
reduces to zero.
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A ball thrown in vertical direction

Figure 4:

The ball reverses its direction during motion.

During upward motion, we see that the force acts in the opposite direction to that of the velocity. Under
this situation, the magnitude of velocity decreases with time, while the body follows a linear path. There is
no change in the direction of motion.
The velocity of the object at the point, where motion changes direction, is zero and force is acting
downwards. This situation is same as the case 1. The object is at rest. Hence, object moves in the direction
of force i.e. in the downward direction.
In the gure above, the vectors drawn at various points represent the direction and magnitude of force

F),

(

a

v

acceleration ( ) and velocity ( ) during the motion. Note that both force and acceleration act in the

downward direction during the motion.

4:

When force is applied perpendicular to the direction of motion, then it causes change in the direction

of the velocity.
A simple change of direction also constitutes change in velocity and, therefore, acceleration. Consider
the case of a uniform circular motion in which a particle moves along a circular path at constant speed v.
Let

v1

and

v2

be the velocities of the particle at two time instants, then

| v1 | = | v2 | = a constant
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Uniform circular motion

Figure 5:

A central force perpendicular to motion causes change in direction.

In the adjoining gure, the vector segments OC and OD represent
dierence

∆v

v1

and

v2

.

Knowing that vector

is directed from initial to nal position, it is represented by vector CD. Using the adjoining

vector triangle,

OC + CD = OD
v = CD = v2 − v1
The important thing to realize here is that direction of
origin.

∆ v

is along CD, which is directed towards the

This result is in complete agreement of what we know about uniform circular motion (The topic

of uniform circular motion is covered in separate module). We need to apply a force (causing acceleration
to the moving particle) across (i.e. perpendicular) to the motion to change direction. If the force (hence
acceleration) is perpendicular to velocity, then magnitude of velocity i.e. speed remains same, whereas the
direction of motion keeps changing.

Example 2: Acceleration
Problem : An object moves

along a quadrant AB of a circle of radius 10 m with a constant

speed 5 m/s. Find the average velocity and average acceleration in this interval.

Solution :

Here, we can determine time interval form the rst statement of the question. The

particle covers a distance of 2π r/4 with a speed v. Hence, time interval,

t =

distance
speed

=

2πr
4v

=

3.14x10
2x5

= 3.14s

Magnitude of average velocity is given by the ratio of the magnitude of displacement and time :

http://cnx.org/content/m13770/1.9/

Connexions module: m13770

7

Motion along circular path

Figure 6

√
| vavg | = =

| AB |
Time

=

( 102 + 102 ) 14.14
3.14
3.14

= 4.5 m / s

Average velocity is directed along vector AB i.e. in the direction of displacement vector.
Magnitude of average acceleration is given by the ratio :
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Motion along circular path

Figure 7:

Direction of acceleration

aavg = =

| ∆v |
∆t

Here,

| ∆ v | = | v2 − v1 |
p
√
| ∆v| =
( 52 + 52 ) = 5 2 m / s
⇒ aavg =

√
5 2
3.14

= 3.1 m / s2

Average acceleration is directed along the direction of vector

v2 − v1 i.e.

directed towards the

center of the circle (as shown in the gure).

5:

When force is applied at a certain angle with the motion, then it causes change in both magnitude

and direction of the velocity. The component of force in the direction of motion changes its magnitude (an
increase or decrease), while the component of force perpendicular to the direction of motion changes its
direction.
The motion of a small spherical mass m, tied to a xed point with the help of a string illustrates the
changes taking place in both the direction and magnitude of the velocity. Saving the details for discussion
at a later point in the course, here tension in the string and tangential force provide for the change in the
direction and magnitude of velocity respectively.
When the string makes at angle,
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Motion of a pendulum

Figure 8:

Forces acting on the pendulum bob

(a) Tension in the string, T is :

T = mgcosθ
This force acts normal to the path of motion at all points and causes the body to continuously change its
direction along the circular path. Note that this force acts perpendicular to the direction of velocity, which
is along the tangent at any given point on the arc.
(b) Tangential force, F, is :

F = mgsinθ
This force acts tangentially to the path and is in the direction of velocity of the spherical mass, which is
also along the tangent at that point. As the force and velocity are in the same direction, this force changes
the magnitude of velocity. The magnitude of velocity increases when force acts in the direction of velocity
and magnitude of velocity decreases when force acts in the opposite direction to that of velocity.
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