Motion in Straight Line
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Key Differences Between Speed and Velocity

1. Definition

e Speed:
o Speed is the rate at which an object covers distance. It is a scalar quantity, meaning it only
has magnitude and no direction.
o Example: A car traveling at 60 km/h.
e Velocity:
o Velocity is the rate at which an object changes its position or displacement. It is a vector
quantity, meaning it has both magnitude and direction.
o Example: A car traveling at 60 km/h north.

2. Scalar vs. Vector

e Speed:
o Scalar quantity: Only magnitude is considered.
o Example: 50 km/h.
e Velocity:
o Vector quantity: Both magnitude and direction are considered.
o Example: 50 km/h east.

3. Formula
e Speed:
o Average Speed = Total Distance / Total Time
o Speed = D—iﬁm‘"’e
e Velocity:
o Average Velocity = Total Displacement / Total Time
o Velocity = —DiSP%fsflent

4. Magnitude and Direction

e Speed:
o Only magnitude is taken into account.
o Direction is not considered.

e Velocity:

o Both magnitude and direction are taken into account.
o Direction is a crucial component.

5. Positive and Negative Values
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e Speed:
o Always positive or zero, as it represents the absolute value of distance covered.
e Velocity:
o Can be positive, negative, or zero, depending on the direction of the displacement.
o Example: Moving forward may be considered positive, while moving backward may be
considered negative.

6. Path Dependency

e Speed:
o Depends on the total path length traveled.
o Example: If a car travels in a circle and returns to its starting point, the speed is based on
the total distance traveled around the circle.
e Velocity:
o Depends on the straight-line displacement from the initial to the final position.
o Example: If a car travels in a circle and returns to its starting point, the velocity is zero
because the displacement is zero.

7. Use in Equations of Motion

e Speed:
o Commonly used in basic motion equations where direction is not a concern.
e Velocity:
o Used in vector-based equations of motion where direction and magnitude are both

important.
o Example: v = u + at, where v and u are final and initial velocities respectively.

8. Examples in Real Life

e Speed:
o Reading on a car's speedometer, which shows how fast the car is moving without indicating
direction.
o Example: A runner’s speed in a race.
e Velocity:
o The velocity of a plane flying northeast at 300 km/h.
o Example: A boat traveling 20 km/h upstream.

Summary

The key difference between speed and velocity lies in their consideration of direction. Speed is a scalar
qguantity that only measures how fast an object is moving, while velocity is a vector quantity that
measures how fast and in which direction an object is moving. This distinction makes velocity more
informative in scenarios where direction matters, such as navigation and vector-based physics
problems.
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