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Physics 2204

Vector Kinematics


Introduction to Vector Quantities with Examples

The motion that you are most familiar with is that of yourself as you move from one position to another. For example, if you get out of your desk and walk to a nearby classmate, you would probably move a DISTANCE of 1.0 m.

Q. If your teacher is not looking at you, can he/she tell which classmate you have gone to, if you provide only the information that you are going to move 1.0 m? A. The answer to this question is “No”. In order for the teacher to know where you are (without peeking), you must provide another piece of information. You must say something like “I’m going to move 1.0 m in the direction of the blackboard”, or “I’m going to move 1.0 m Eastward.”

In other words you must provide a direction. In physics, when we have a term like 1.0 m Eastward, the term is not called distance—it is called DISPLACEMENT. You might say that a displacement is a distance in a particular direction from some original position. Or, an even better and shorter way to define displacement is to call it the CHANGE in the object’s position from some starting point.

Another neat way to look at distance and displacement is to consider the number line. Look at the line below. The smaller arrows indicate that a person started from the zero position, moved 3.0 km East (or to the right), then moved backwards 4.0 km West (or to the left). 


Q. What is the distance? A. The DISTANCE is the complete path covered, which is 7.0 km. (You might say 3.0 km + 4.0 km = 7.0 km). 

Q. What is the displacement? A. The Displacement is the change in the person’s position, which is 1.0 km  West. The person is 1.0 km to the left (or West) of where it started. You might say:

3.0 km East + 4.0km West =+3km + –4.0 km = -1.0 km 
Next, we throw something else into the mix. This new thing is time. 
While the person in our earlier discussion moved 3.0 km East and 4.0 km West, a clock was ticking away. Knowing how much time elapsed allows us to find the person’s speed. Let’s say the time for the person to go the 7.0 km was 2.0 hr.  
Q.  What was the person’s speed? A. This is a exercise you can do “in your head”. The answer is 3.5 km per hr or 3.5 km/hr. Now, you are probably saying that a person couldn’t maintain a uniform speed all the time. Sometimes he/she might be walking on a nice road and sometimes in a boggy marsh. So, at times the speed might be as high as 5.0 km/hr, and at other times much lower, probably 2.0 km/hr. Therefore, we are forced to say that 3.5 kn/hr is the average speed. Don’t forget how you determined the 3.5 km/hr. You divided the distance by the time:
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and in symbol form:
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SPEED IS 
THE RATE OF CHANGE 
OF DISTANCE.
Recall that we have already said that 3.5 km/hr is an average speed. If we had some neat electronic gear and followed the person as he/she walked, we would be able to bounce a radar beam off the person and determine with our on-board computer the speed of the person at that very instant (just as the police catch speeders). These particular speeds at precise instances are called INSTANTANEOUS SPEEDS
This lesson will end with a brief discussion of VELOCITY (You will deal much more with velocity in Physics 3204). Recall that at the beginning of this lesson we said that a DISPLACEMENT was a DISTANCE with a DIRECTION tacked on.

Q.   Does your intuition tell you what goes in the blank in the next sentence? A VELOCITY is a __?__ with a DIRECTION tacked on. A.   Yes, a velocity is a speed in a particular direction. So, 30 km/hr is a speed, while 30 km/hr North is a velocity. Just as was the case with displacement,  the number line provides a neat way to look at velocity. Think back to the person who walked 3.0 km East and then 4.0 km West in a time of 2.0 hr.
Let’s suppose that person carried a walkie-talkie and called you at the end of her 2.0 hour hike. Further, suppose the person gave you her new position so that you would know it to be 1.0 km West of the starting point, but you would not know the path taken. Now, if the person asked you to calculate how fast she moved, you would divide 1.0 km by 2.0 hr to get 0.5 km/hr. You would have no way of knowing the actual path and would probably think that the person moved fairly slowly.

As it turns out, there is a word for the 0.5 km/hr, and it’s not speed. We first put a direction on it so that it reads as 0.5 km/hr West. This is the person’s AVERAGE VELOCITY. 
We see, then, that VELOCITY IS THE RATE OF CHANGE OF DISPLACEMENT (not distance), or
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Before we write symbols for velocity and displacement, we must put names on quantities which have directions and on quantities which don’t have directions:

· Quantities which have magnitude (size) but no direction are called  SCALARS. 
· Quantities which have magnitude (size) and direction are called  VECTORS. 
Symbols for vectors are either printed in bold type or have arrows printed over them. This means we can write
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as
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(note the arrows on d and v) 

or as 
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(note that d and v are shown in bold to denote vectors) 

Physics terms such as distance, speed, displacement, velocity and time are usually shown in italic.  The scalars, distance, speed and time, are shown in unbolded italics.

Displacement and velocity are vectors and are shown either in bold type or with arrows. 
For our purposes here, you can use both notations. For example, if you are writing with a pen or pencil, it will be easier to use the arrows, but for typing, it is sometimes more convenient to use bold type. Thus: 

· v means speed, and v or [image: image7.png]


means velocity    

· d means distance, and d or [image: image8.png]


means displacement 

Example 1 

An ant on a picnic table walks 130 cm to the right and then 290 cm to the left in a total of 40.0 s. Determine the ant’s distance covered, displacement from original point, average speed, average velocity.  

Solution 

distance = d = total path of the ant = l30 cm + 290 cm = 420 cm

displacement = [image: image9.png]


= d = change in position of the ant =130cm+ (–290) cm

                           =–160 cm =160 cm left of the starting point
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Example 2

A caribou hunter walks 4.0 km East, then 2.0 km North, and finally 3.0 km West.  The entire trek took 3.0 h  (the bog was good for walking on!).  Determine the hunter's 

(a) total distance traveled

(b) average speed

(c)  displacement (that is, actual distance and direction from where he started)

(d)  average velocity

 Solution

Parts (a) and (b) are very easy to do.  The hunter walked a total distance of 9.0 km, and since this was done in 3.0 hr, his average speed is 
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To find the hunter's displacement (actual change in position) you will need a piece of paper, a pencil and a protractor.  Then, you must draw a diagram to scale, which means you must be very careful.  Even though the pictures are drawn below, you should do them yourself as well.  You can use any convenient scale.  The one used here is 

"let 1.0 centimeter on my paper =  1.0 km on the ground".  

Carefully draw the diagram on your paper and then measure the indicated angle.  You should get around 63o.  If on your first try you get an angle kind of half-way between 60 and 70, you should feel proud.
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So now you know the direction between the starting point and the final location of the hunter--it's around 63o North of the East line along which he started--but you still don't know the actual change in position (that's the length of the red vector.)  There are two ways to determine the length of the vector.  The least precise way is to measure it is with your ruler.  Do that on your paper now.  You should get around 2.2 cm.  According to the chosen scale, 2.2 cm represents 2.2 km.  So, the actual change in position or displacement after 3.0 h of walking is 2.2 km 63o North of the Easterly direction.

There is a more precise way to find the length of the red vector, and that is to use the relationship discovered by Pythagoras.  
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The dotted lines in the diagram to the left allow us to say
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 Knowing the displacement to be 2.2 km 63o N of E allows us to find the average velocity of the hunter:
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Finally, summing up:

d    = 9.0 km

vav = 3.0 km/h

d    =  2.2 km 63o N of E

vav = 0.73 km/h  63o N of E

Those of you who have done trigonometry know that there is also a precise way to find the angle.  

Using Trigonometry to find the hunter's displacement.
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As already shown (by Pythagoras) the magnitude of the displacement is 2.2 km.
From trigonometry,
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Therefore, displacement, d = 2.2 km 63o N of E.

