CHAPTER 3: Kinematics in Two Dimensions; Vectors

Answers to Questions

Their velocities are NOT equal, because the two velocities have different directions.

2.

(a) During one year, the Earth travels a distance equal to the circumference of its orbit,but has a
displacement of 0 relative to the Sun.

(b) The space shuttle travels a large distance during any flight, but the displacement from one
launch to the next is 0.

(¢) Any kind of cross country “round trip” air travel would result in a large distaice traveled, but a
displacement of 0.

() The displacement for a race car from the start to the finish of the Indy 500 auto race is 0.

The displacement can be thought of as the “straight line” path from the initial location to the final
location. The length of path will always be greater than or equal to the displacement, because the
displacement is the shortest distance between the two locations. Thus the displacement can never be
longer than the length of path, but it can be less. For any path hat is not a single straight line
segment, the length of path will be longer than the displacement.

Since both the batter and the ball started their motion at the same location (where the ball was hit)
and ended their motion at the same location (whee the ball was caught), the displacement of both
was the same.

The magnitude of the vector sum need not be larger than the magnitude of either contributing vector.
For example, if the two vectors being added are the exact opposite of each other, the ector sum will
have a magnitude of 0. The magnitude of the sum is determined by the angle between the two
contributing vectors.

If the two vectors are in the same direction, the magnitude of their sum will be a maximum, and will
be 7.5 km. If the two vectors are in the opposite direction, the magnitude of their sum will be a
minimum, and will be 0.5 km. 1f the two vectors are oriented in any other configuration, the
magnitude of their sum will be between 0.5 km and 7.5 km.

Two vectors of unequal magnitude can never add to give the zero vector.
However, three vectors of unequal magnitude can add to give the zero vector.
If their geometric sum using the taikto-tip method gives a closed triangle,

then the vector sum will be zero. See the diagram, in which A+B+C=0

>

(@) The magnitude of a vector can equal the length of one of its components if the other
components of the vector are all 0; i.e. if the vector lies along one of the coordinate axes.

(b) The magnitude of a vector can never be less than one of its components, because each
component contributes a positive amount to the overall magnitude, through the Pythagorean
relationship. The square root of a sum of squares is never less than the absolute value of any
individual term.

A particle with constant speed can be accelerating, if its direction is changing. Driving on a curved
roadway at constant speed would be an example. However, a particle with constant velocity cannot
be accelerating — its acceleration must be zero. It has both constant speed and constant direction.
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