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2 Preface
2.1 General

This module is part of a collection of modules designed to make physics concepts accessible to blind students.
See http://cnx.org/content/col11294/latest/ 1 for the main page of the collection and http://cnx.org/content/col11294/late
2
for the table of contents for the collection.
The collection is intended to supplement but not to replace the textbook in an introductory course in
high school or college physics.
The purpose of this module is to explain uniform velocity and relative velocity in a format that is
accessible to blind students.

2.2 Prerequisites
In addition to an Internet connection and a browser, you will need the following tools (as a minimum) to
work through the exercises in these modules:

• A graph board for plotting graphs and vector diagrams ( http://www.youtube.com/watch?v=c8plj9UsJbg
3
).
• A protractor for measuring angles ( http://www.youtube.com/watch?v=v-F06HgiUpw 4 ).
• An audio screen reader that is compatible with your operating system, such as the NonVisual Desktop
Access program (NVDA), which is freely available at http://www.nvda-project.org/ 5 .
• A refreshable Braille display capable of providing a line by line tactile output of information displayed
on the computer monitor ( http://www.userite.com/ecampus/lesson1/tools.php 6 ).
• A device to create Braille labels. Will be used to label graphs constructed on the graph board.
• The ability to create tactile graphics as described at http://cnx.org/content/m38546/latest/ 7 .
The minimum prerequisites for understanding the material in these modules include:

• A good understanding of algebra.
• An understanding of the use of a graph board for plotting graphs and vector diagrams ( http://www.youtube.com/watch?
8
).
• An understanding of the use of a protractor for measuring angles ( http://www.youtube.com/watch?v=vF06HgiUpw 9 ).
• A basic understanding of the use of sine, cosine, and tangent from trigonometry ( http://www.clarku.edu/∼djoyce/trig/
10
).
• An introductory understanding of JavaScript programming ( http://www.dickbaldwin.com/tocjscript1.htm
11
and http://www.w3schools.com/js/default.asp 12 ).
• An understanding of all of the material covered in the earlier modules in this collection.
• An understanding of the creation and use of tactile graphics as described at http://cnx.org/content/m38546/latest/
13
.
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2.3 Viewing tip
I recommend that you open another copy of this document in a separate browser window and use the
following links to easily nd and view the gures and listings while you are reading about them.

2.3.1 Figures
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

1 (p. 6) . Screen output for Listing #1.
2 (p. 7) . Key-value pairs for the image in Phy1070a1.svg.
3 (p. 8) . Mirror image contained in the le named Phy1070a1.svg.
4 (p. 11) . Screen output for Listing #2.
5 (p. 13) . Key-value pairs for the image in Phy1070b1.svg.
6 (p. 14) . Mirror image contained in the le named Phy1070b1.svg.
7 (p. 17) . Screen output for Listing #3.
8 (p. 20) . Key-value pairs for the image in Phy1070c1.svg.
9 (p. 21) . Mirror image contained in the le named Phy1070c1.svg.
10 (p. 22) . Screen output for Exercise #2 for a man on a train.
11 (p. 23) .Key-value pairs for the image in Phy1070d1.svg.
12 (p. 24) .Mirror image contained in the le named Phy1070d1.svg.
13 (p. 27) . Screen output for Listing #4.
14 (p. 29) . Non-mirror-image contained in the le named Phy1070a1.svg.
15 (p. 30) . Non-mirror-image contained in the le named Phy1070b1.svg.
16 (p. 31) . Non-mirror-image contained in the le named Phy1070c1.svg.
17 (p. 32) . Non-mirror-image contained in the le named Phy1070d1.svg.

2.3.2 Listings
•
•
•
•

Listing
Listing
Listing
Listing

1
2
3
4

(p.
(p.
(p.
(p.

5) . A simple exercise on uniform velocity.
9) . An exercise on average velocity.
14) . Exercise #1 for a man on a train.
24) . An exercise with three vectors in a plane.

2.4 Supplemental material
I recommend that you also study the other lessons in my extensive collection of online programming tutorials.
You will nd a consolidated index at www.DickBaldwin.com 14 .

3 General background information
What is velocity?

Velocity is the time rate of change of position. Since displacement is the change of position, velocity is
also the rate of displacement. Since displacement is a vector quantity, velocity is also a vector quantity  it
has magnitude and direction.
An airplane may traverse 350 miles in a northeasterly direction in one hour. This statement describes a
vector quantity (velocity) because it has both magnitude and direction.
The same airplane may traverse 350 miles in a southwesterly direction in one hour. This statement
describes a dierent velocity. Even though the magnitude is the same in both cases, the direction is dierent.
Hence, the velocity is dierent.

What is speed?

14
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Speed is distance covered in a unit of time without reference to direction. Since there is no reference to
direction, speed is a scalar quantity.
A car may traverse 60 miles in one hour. An airplane may traverse 350 miles in one hour. An excellent
runner may traverse one mile in three minutes. All of these statements describe scalar quantities (speed)
since there is no reference to direction.
A person in a seat on a Ferris wheel may travel around the axle in the center of the wheel at a constant
rotational speed. However, that person's velocity is not constant. The velocity is continually changing
because the direction of motion is continually changing.

Uniform velocity

Velocity is uniform when equal distances along a straight line are traversed in equal intervals of time. In
this case

v = s/t

where

• v is uniform velocity
• s is the distance traveled (displacement)
• t is an interval of time

What about the direction?

Because uniform velocity occurs along a straight line, the computations involving uniform velocity, distance, and time may not necessarily include the direction of that straight line. However, since both displacement and velocity are vector quantities, it is understood that the direction of velocity is the same as the
direction of the displacement.
On the other hand, as you will see later, when combining two or more uniform velocities into a single
resultant velocity, the directions of the dierent uniform velocities becomes extremely important.

Speed, distance, and time

Note also that this same equation can be applied to computations involving speed, distance, and time
where

• v represents speed and not velocity
• s is the distance traveled (not necessarily in a straight line)
• t is an interval of time

Units of velocity

The units of velocity are units of distance (such as meters) divided by units of time (such as seconds).

4 Discussion and sample code
4.1 Creation of tactile graphics
The module titled Manual Creation of Tactile Graphics at http://cnx.org/content/m38546/latest/ 15 explains how to create tactile graphics from svg les that I will provide.
If you are going to have an assistant create tactile graphics for this module, you will need to download
the le named Phy1070.zip 16 , which contains the svg les for this module. Extract the svg les from the
zip le and provide them to your assistant.
In each case where I am providing an svg le for the creation of tactile graphics, I will identify the name
of the appropriate svg le and display an image of the contents of the le for the benet of your assistant.
As explained at http://cnx.org/content/m38546/latest/ 17 , those images will be mirror images of the actual
images so that your assistant can emboss the image from the back of the paper and you can explore it from
the front.
15
16
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Also in those cases, I will provide a table of key-value pairs that explain how the Braille keys in the image
relate to text or objects in the image.

4.2 A simple exercise on uniform velocity
Let's begin this section with a short exercise involving uniform velocity.
How long does it take an airplane traveling at a uniform velocity of 350 miles per hour to traverse a
distance of 700 miles?
Please copy the code shown in Listing 1 (p. 5) into an html le and open the le in your browser.

Listing 1: A simple exercise on uniform velocity.
<!---------------- File JavaScript01.html --------------------->
<html><body>
<script language="JavaScript1.3">

document.write("Start Script" + "</br>")
var velocity = 350;//uniform velocity in miles/hour
var distance = 700;//miles
var time = distance/velocity;//miles/(miles/hour) = hours
document.write("uniform velocity = " + velocity +
" miles/hour</br>");
document.write("distance = " + distance + " miles</br>");
document.write("time = " + time + " hours</br>");
document.write("End Script")
</script>
</body></html>

Screen output

The text shown in Figure 1 (p. 6) should appear in your browser window when you open the html le in
your browser.
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Screen output for Listing #1.

Start Script
speed = 350 miles/hour
distance = 700 miles
time = 2 hours
End Script

Figure 1: Screen output for Listing #1.

Analysis of the code

The equation given earlier (p. 4) that shows the relationship among uniform velocity, distance, and time
can be manipulated algebraically to nd any one of the three terms when the values of the other two terms
are known. The objective in this exercise is to nd the time required to traverse a known distance with a
known uniform velocity.

Algebraic manipulation of the equation

as

Multiplying both sides of the equation by t and dividing both sides by v allows us to rewrite the equation
t = s/ v
where

• v is uniform velocity
• s is the distance traveled
• t is an interval of time

The solution to the problem is...

This version of the equation is used in Listing 1 (p. 5) to solve for the time required to traverse 700 miles
at a uniform velocity of 350 miles/hour. The answer is 2 hours as shown in Figure 1 (p. 6) .

Declare and initialize variables

The code in Listing 1 (p. 5) begins by declaring and initializing variables named velocity and distance
. Note that the units are shown in the comments. I recommend that you always do that in order to keep
the units straight.

Perform the arithmetic

Then Listing 1 (p. 5) declares a variable named time and sets its value equal to distance divided by
velocity . Once again, note the treatment of the units in the comments, showing that the units for the
result of the division are hours.

Display the results

Finally, Listing 1 (p. 5) calls the document.write method several times in succession to display the results
shown in Figure 1 (p. 6) .

4.3 An exercise on average velocity
A hockey puck is struck by a player causing it to travel northeast at a uniform velocity of 50 feet per second
for 15 feet, at which point it is struck by another player.
http://cnx.org/content/m38042/1.3/
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When struck by the second player, the direction of motion is changed to northwest with a uniform velocity
of 60 feet per second.
It is stopped by a third player after traveling 20 feet in the northwest direction.

• What is the time required for the puck to complete each leg of its journey?
• What is the average velocity of the puck from the start to the end of its journey?

Tactile graphics

An svg le named Phy1070a1.svg is provided for the creation of a tactile displacement vector diagram
for this scenario. The table of key-value pairs for this le is provided in Figure 2 (p. 7) . Some of the values
shown are based on a JavaScript solution to the problem shown later in Figure 4 (p. 11) .

Key-value pairs for the image in Phy1070a1.svg.

m:
n:
o:
p:
q:
r:
s:
t:
u:
v:
w:

An exercise on average velocity
25 ft @ 39.5 ft/sec 98.1 degrees
15 ft @ 50 ft/sec 45 degrees
20 ft @ 60 ft/sec 135 degrees
File: Phy1070a1.svg
A
C
B
Displacement vector A B
Displacement vector B C
Resultant vector A C

Figure 2: Key-value pairs for the image in Phy1070a1.svg.

The image contained in this le is shown in Figure 3 (p. 8) for the benet of your assistant who will
manually emboss the diagram. A non-mirror-image version is shown in Figure 14 (p. 29) .
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Mirror image contained in the le named Phy1070a1.svg.

Figure 3: Mirror image contained in the le named Phy1070a1.svg.
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Let's write a script to solve the problem

Please copy the code from Listing 2 (p. 9) into an html le and open it in your browser.

Listing 2: An exercise on average velocity.
<!---------------- File JavaScript02.html --------------------->
<html><body>
<script language="JavaScript1.3">

document.write("Start Script </br>");
//The purpose of this function is to receive the adjacent
// and opposite side values for a right triangle and to
// return the angle in degrees in the correct quadrant.
function getAngle(x,y){
if((x == 0) && (y == 0)){
//Angle is indeterminate. Just return zero.
return 0;
}else if((x == 0) && (y > 0)){
//Avoid divide by zero denominator.
return 90;
}else if((x == 0) && (y < 0)){
//Avoid divide by zero denominator.
return -90;
}else if((x < 0) && (y >= 0)){
//Correct to second quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else if((x < 0) && (y <= 0)){
//Correct to third quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else{
//First and fourth quadrants. No correction required.
return Math.atan(y/x)*180/Math.PI;
}//end else
}//end function getAngle
//Compute the time required to traverse each leg. Identify
// the two legs as A and B.
var vecAmag = 15;//displacement in feet
var vecAang = 45;//displacement angle in degrees
var vecAvel = 50;//velocity magnitude in feet per second
var timeA = vecAmag/vecAvel;//feet/(feet/second) = seconds
var
var
var
var

vecBmag
vecBang
vecBvel
timeB =

= 20;//displacement in feet
= 135;//displacement angle in degrees
= 60;//velocity magnitude in feet per second
vecBmag/vecBvel;//feet/(feet/second) = seconds

//Compute the overall displacement
//Compute the horizontal and vertical components
// of each vector.
http://cnx.org/content/m38042/1.3/
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var vecAh = vecAmag*Math.cos(vecAang*Math.PI/180);
var vecAv = vecAmag*Math.sin(vecAang*Math.PI/180);
var vecBh = vecBmag*Math.cos(vecBang*Math.PI/180);
var vecBv = vecBmag*Math.sin(vecBang*Math.PI/180);
//Compute the sums of the horizontal and vertical
// components from the two vectors to get the
// horizontal and vertical component of the
// resultant vector.
var vecResultH = vecAh + vecBh;
var vecResultV = vecAv + vecBv;
//Use the Pythagorean theorem to compute the magnitude of the
// resultant vector in feet.
var vecResultMag = Math.sqrt(Math.pow(vecResultH,2) +
Math.pow(vecResultV,2));
//Compute the angle of the resultant vector in degrees.
vecResultAng = getAngle(vecResultH,vecResultV);
var totalTime = timeA + timeB;//seconds
var vecVelMag = vecResultMag/totalTime;//feet/second
var vecVelAng = vecResultAng;//degrees
document.write("Time for leg A = " + timeA.toFixed(2) +
" seconds</br>");
document.write("Time for leg B = " + timeB.toFixed(2) +
" seconds</br>");
document.write("Displacement magnitude = " +
vecResultMag.toFixed(2) + " feet</br>");
document.write("Displacement angle = " +
vecResultAng.toFixed(2) + " degrees</br>");
document.write("Total time = " + totalTime.toFixed(2) +
" seconds</br>");
document.write("Average velocity magnitude = " +
vecVelMag.toFixed(2) + " feet/second</br>");
document.write("Average velocity angle = " +
vecVelAng.toFixed(2) + " degrees</br>");
document.write("End Script");
</script>
</body></html>

Screen output

The text shown in Figure 4 (p. 11) should appear in your browser window when the html le is opened
in your browser.

http://cnx.org/content/m38042/1.3/
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Screen output for Listing #2.

Start Script
Time for leg A = 0.30 seconds
Time for leg B = 0.33 seconds
Displacement magnitude = 25.00 feet
Displacement angle = 98.13 degrees
Total time = 0.63 seconds
Average velocity magnitude = 39.47 feet/second
Average velocity angle = 98.13 degrees
End Script

Figure 4: Screen output for Listing #2.

Analysis of the code

In this exercise, the puck makes a journey across the ice consisting of two sequential legs in dierent
directions with dierent magnitudes of velocity. Although each leg involves motion along a line, the total
trip is not along a line.
The objective of the script is to

• Compute and display the time required to traverse each leg of the trip based on the given information.
• Compute and display the magnitude and the angle of the displacement from start to nish.
• Compute and display the time required to complete the entire trip, which is the sum of the times from
both legs.
• Compute and display the magnitude of the average velocity as the magnitude of the displacement
divided by the total time.
• Recognize that the angle of the average velocity is the same as the angle of the displacement.

The getAngle function

The code in Listing 2 (p. 9) begins with the getAngle function that we developed and used an earlier
module. The purpose of the function is to receive the adjacent and opposite side values for a right triangle
as parameters and to return the angle in degrees in the correct quadrant.
I explained this function in an earlier module and won't repeat that explanation in this module.

Compute the time for each leg

Following the denition of the getAngle function, Listing 2 (p. 9) computes the time required to traverse
each leg of the trip. For variable naming purposes, the two legs are identied as A and B.
Variable names that end with "mag" contain vector magnitudes. Variable names that end with "ang"
contain vector angles. Variable names that end with "vel" contain the magnitudes of straight-line, uniform
velocities.
The time to complete each leg of the trip is computed by dividing the magnitude of the displacement
vector for that leg by the magnitude of the straight-line velocity for that leg. The resulting times have units
of seconds, and are saved in the variables named timeA and timeB .
http://cnx.org/content/m38042/1.3/
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The overall displacement

The magnitude and angle of the overall displacement for the two-leg trip (identied by the variables
named vecResultMag and vecResultAng respectively) are computed using procedures that were
explained in an earlier module. Therefore, I won't repeat that explanation in this module.
The magnitude of the overall displacement is stored in the variable named vecResultMag , and the
angle for the overall displacement is stored in the variable named vecResultAng .

The total time

The total time for the trip, identied by the variable named
the times for the individual legs.

totalTime

, is computed as the sum of

Magnitude of the average velocity vector

The magnitude of the average velocity vector, identied by the variable named vecVelMag , is compute
by dividing the magnitude of the displacement vector by the total time. This results in a value having units
of feet/second as shown by the comments.

The direction of the average velocity vector

The direction of the average velocity vector, identied by the variable named vecVelAng , is recognized
as being the same as the direction of the overall displacement vector with units of degrees.

Display the results

Finally, the document.write method is called several times in succession to display the output text
shown in Figure 4 (p. 11) .

4.4 Multiple concurrent velocities
When a body has multiple concurrent velocities, the overall velocity of the body is equal to the vector sum
of the individual velocities. You can compute that vector sum in any way that works for you, including the
parallelogram rule, a tail-to-head vector diagram, or the mathematical techniques that we will use here.

Relative velocity

In this section, we will also be dealing with a topic called relative velocity . For example, suppose we
see a man walking down the aisle in a passenger car of a train that is moving slowly at a uniform velocity
along a straight track. How fast is the man moving?

The frame of reference

The answer to that question depends on the frame of reference of the observer. For example, to another
passenger in the same rail car, it may appear that the man is moving at about 3 feet per second, which is a
reasonably comfortable walking speed.
However, to someone standing on the ground outside of the passenger car (pretend that the side of the
car is transparent), it may appear that the man is moving much faster or much slower than 3 feet per second,
depending on which direction the man is moving relative to the motion of the train.
It could even turn out that insofar as the outside observer is concerned, the man isn't moving at all, or
is moving backwards.

4.4.1 Exercise #1 for a man on a train
A man is walking along the aisle in a passenger car of a train that is moving at 1 mile per hour toward the
east. The man is walking in the same direction that the train is moving. The man is walking at a uniform
velocity of 2.933 feet per second. (You will see shortly why I chose such a strange walking speed for the
man.) What is the man's overall velocity with reference to the ground?

Tactile graphics

An svg le named Phy1070b1.svg is provided for the creation of a tactile velocity vector diagram for this
scenario. The table of key-value pairs for this le is provided in Figure 5 (p. 13) .

http://cnx.org/content/m38042/1.3/

Connexions module: m38042

13

Key-value pairs for the image in Phy1070b1.svg.

m:
n:
o:
p:
q:
r:

Exercise #1 for a man on a train
Velocity vectors are shown below
Train
Man
Sum of the two velocity vectors
File: Phy1070b1.svg

Figure 5: Key-value pairs for the image in Phy1070b1.svg.

The image contained in this le is shown in Figure 6 (p. 14) for the benet of your assistant who will
manually emboss the diagram. A non-mirror-image version is shown in Figure 15 (p. 30) .
The units for both velocity vectors must be the same. Therefore, the length of the velocity vector for the
man is based on a conversion from 2.933 feet per second to 2 miles per hour.

http://cnx.org/content/m38042/1.3/
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Mirror image contained in the le named Phy1070b1.svg

Figure 6: Mirror image contained in the le named Phy1070b1.svg

JavaScript code

Please copy the code shown in Listing 3 (p. 14) into an html le and open the le in your browser.

Listing 3: Exercise #1 for a man on a train.
<!---------------- File JavaScript03.html --------------------->
<html><body>
<script language="JavaScript1.3">

document.write("Start Script </br>");
//The purpose of this function is to receive the adjacent
// and opposite side values for a right triangle and to
// return the angle in degrees in the correct quadrant.
http://cnx.org/content/m38042/1.3/
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function getAngle(x,y){
if((x == 0) && (y == 0)){
//Angle is indeterminate. Just return zero.
return 0;
}else if((x == 0) && (y > 0)){
//Avoid divide by zero denominator.
return 90;
}else if((x == 0) && (y < 0)){
//Avoid divide by zero denominator.
return -90;
}else if((x < 0) && (y >= 0)){
//Correct to second quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else if((x < 0) && (y <= 0)){
//Correct to third quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else{
//First and fourth quadrants. No correction required.
return Math.atan(y/x)*180/Math.PI;
}//end else
}//end function getAngle
//------------------------------------------------------------//
//The purpose of this function is to add two vectors, given
// the magnitude and angle (in degrees) for each vector.
// The magnitude and angle (in degrees) of the resultant
// vector is returned in a two-element array, with the
// magnitude in the element at index 0 and the angle in the
// element at index 1. Note that this function calls the
// getAngle function, which must also be provided in the
// script. To use this function to subtract one vector from
// another, add 180 degrees to the angle for the subtrahend
// vector before passing the angle to the function. To use
// this function to add more than two vectors, add the first
// two vectors as normal, then add the output from this
// function to the third vector, etc., until all of the
// vectors have been included in the sum.
function vectorSum(vecAmag,vecAang,vecBmag,vecBang){
var vecResult = new Array(2);
//Compute the horizontal and vertical components
// of each vector.
var vecAh = vecAmag*Math.cos(vecAang*Math.PI/180);
var vecAv = vecAmag*Math.sin(vecAang*Math.PI/180);
var vecBh = vecBmag*Math.cos(vecBang*Math.PI/180);
var vecBv = vecBmag*Math.sin(vecBang*Math.PI/180);
//Compute the sums of the horizontal and vertical
// components from the two vectors to get the
// horizontal and vertical component of the
http://cnx.org/content/m38042/1.3/
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// resultant vector.
var vecResultH = vecAh + vecBh;
var vecResultV = vecAv + vecBv;
//Use the Pythagorean theorem to compute the magnitude of
// the resultant vector.
vecResult[0] = Math.sqrt(Math.pow(vecResultH,2) +
Math.pow(vecResultV,2));
//Compute the angle of the resultant vector in degrees.
vecResult[1] = getAngle(vecResultH,vecResultV);
return vecResult;
}//end vectorSum function
//------------------------------------------------------------//
//The main script body begins here.
//Establish the magnitude and angle for each vector.
var vecTrainMag = 1;//magnitude of velocity of train in miles/hr
var vecTrainAng = 0;//angle of velocity of train in degrees
var vecManMag = 2.933*3600*(1/5280);//Magnitude of velocity of
// man (ft/sec)*(sec/hr)*(mile/ft)
// = miles/hour
var vecManAng = 0;//angle of velocity of man in degrees
//Add the two vectors
var resultant = vectorSum(vecTrainMag,vecTrainAng,
vecManMag,vecManAng);
//Display the magnitude and direction of the resultant vector.
document.write("Velocity magnitude = " +
resultant[0].toFixed(2) + " miles/hour</br>");
document.write("Velocity angle = " +
resultant[1].toFixed(2) + " degrees</br>");
document.write("End Script");
</script>
</body></html>

Screen output

The text shown in Figure 7 (p. 17) should appear in your browser window when you open the html le
in your browser.
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Screen output for Listing #3.

Start Script
Velocity magnitude = 3.00 miles/hour
Velocity angle = 0.00 degrees
End Script

Figure 7: Screen output for Listing #3.

Analysis of the code

As before, the script begins by dening the getAngle function, which doesn't require further explanation.

The vectorSum function

As you can see from Listing 3 (p. 14) , this script contains a new function named vectorSum . The
purpose of this function is to add two vectors, given the magnitude and angle (in degrees) for each vector
as incoming parameters. (The function assumes that both incoming magnitude parameters are expressed in
the same units.)
The need to add two vectors occurs so often in physics that I decided to encapsulate the capability into a
function that we can copy into future scripts. That will relieve us of the need to rewrite the code each time
we need that functionality.

Return an array object

The magnitude and the angle (in degrees) of the resultant vector is returned in a two-element array
object, with the magnitude in the element at index 0 and the angle in the element at index 1. I will have a
more to say about arrays shortly.
Note that this function calls the getAngle function, which must also be provided in the script.

Subtraction of vectors

The function can also be used to subtract one vector from another. To subtract one vector from another,
simply add 180 degrees to the angle for the subtrahend vector before passing the angle to the function.

Adding more than two vectors

Although the function can only be used to add two vectors, it can be called repeatedly to add any number
of vectors two at a time.
To use this function to add more than two vectors, add the rst two vectors as normal. Then add the
vector output from the function to the third vector, etc., until all of the vectors have been included in the
sum.

The code in the vectorSum function

Most of the code in the function is the same as code that I have explained in earlier modules. However,
there are a couple of lines of code that are dierent.
The function begins with the following statement:
var vecResult = new Array(2);
The purpose of this statement is to create a two-element array object named vecResult .

What is an array object?

You can think of an array object as a software object containing pigeon holes into which you can store
data and from which you can later retrieve that data. This particular array object has two pigeon holes,
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and they are numbered 0 and 1.
This array object will be used as a container to return the magnitude and angle values for the resultant
vector.

Can only return one item

A JavaScript function can only return one item. Up to this point in these modules, that item has consisted
of a single numeric value, such as the angle value that is returned from the getAngle function.
However, the vectorSum function needs to return two dierent values. One way to do that is to put those
two values in the pigeon holes of an array object and return that array object as the one item that can be
returned.

Store the resulting magnitude in the array object

Once the array object is created, the code in the function shown in Listing 3 (p. 14) is essentially the
same as the code used earlier to add two vectors, down to the statement that begins with:
vecResult[0] = Math.sqrt(Math.pow(vecResultH,2) +...
That statement computes the magnitude of the resultant vector the same way as before, but instead of
storing the value of the magnitude in a variable, it is stored in the rst pigeon hole of the array object.
The value is directed into the rst pigeon hole (technically called element) by the "[0]" that you see
following the name of the array object in that statement.

Store the resulting angle in the array object

Immediately thereafter, the statement in Listing 3 (p. 14) that reads
vecResult[1] = getAngle(vecResultH,vecResultV);
computes the angle for the resultant vector and stores it in the second element in the array object (the
element identied by the index value 1).

Return the array object for use later

These same index values along with the square brackets "[ ]" will be used later to retrieve the magnitude
and angle values from the array object.
Finally, the function returns the array object to the calling script by executing the statement that reads
return vecResult;

The main script body

The main script body begins where indicated by the comment in Listing 3 (p. 14) .
The rst four statements establish values for the magnitude and direction of the two vectors that represent
the train and the man. There is nothing in those statements that you haven't seen before.

Note the treatment of the units

However, I encourage you to pay attention to the treatment of units in the comments for the value stored
in the variable named vecManMag . The arithmetic in that statement uses two dierent conversion
factors to convert the value from feet per second to miles per hour.
Once again, working through the units in this fashion can help you to organize your arithmetic correctly.

Call the vectorSum function

The statement that begins
var resultant = vectorSum(vecTrainMag...
calls the new vectorSum function to add the two vectors, passing the magnitude and angle for each vector
as parameters.

Store the returned array object in a variable

This statement also declares a new variable named resultant . The array object that is returned from
the vectorSum function is stored in this variable.
Once this statement nishes executing, the magnitude and angle of the resultant vector have been computed and saved for later use. (In this script, the only use of those two values is to display them later.
However, they will be used in a more signicant way in another exercise later.)

Code to display the results

The call to the vectorSum function is followed by three calls to the document.write method. The rst
two calls display magnitude and angle values, and the third call simply displays some text to indicate that
the script has nished executing.

http://cnx.org/content/m38042/1.3/
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Displaying the magnitude value

If you examine the statement containing the rst call to the document.write method, you will see that
the argument list contains the following expression:
resultant[0].toFixed(2)
In this case, the "[0]" means to retrieve the value stored in the array element identied by the index value
0.
Once that value has been retrieved, the built-in toFixed method is called, passing the literal value 2 as a
parameter, to format the value so that it will be displayed with two digits to the right of the decimal point.
Figure 7 (p. 17) shows that value displayed in the line of text that reads:
Velocity magnitude = 3.00 miles/hour
(Note that very few of the values that I display in these modules comply with the rules for decimal digits
and signicant gures that I explained in an earlier module titled Scientic Notation and Signicant Figures
for Blind Students .)

A partial solution to the problem

A partial answer to the question posed for this exercise is that the magnitude of the man's overall velocity
with respect to the ground is 3 miles per hour as shown in Figure 7 (p. 17) .

The rest of the solution

The next statement in Listing 3 (p. 14) uses a similar syntax to retrieve the value from the second
element in the array object (the element with an index value of 1) and to display it as
Velocity angle = 0.00 degrees
as shown in Figure 7 (p. 17) .
This means that the man is moving due east (the same direction that the train is moving) with a velocity
of 3 miles per hour with reference to the ground.

Analysis of the results

Now I will tell you why I used a strange walking speed (2.933 feet per second) for the man. As it turns
out, this is very close to 2 miles per hour, and I wanted the man to have a walking speed that would result
in simple numeric results.

Let's review the problem

The train is moving east with a uniform velocity of 1 mile per hour relative to the ground.
The man is moving east with a uniform velocity of 2 miles per hour (2.933 feet per second) relative to
the train.
What is the man's velocity relative to the ground?

The algebraic sum of the magnitudes

Because the man and the train are both moving along the same straight line, and the man's velocity is
stated relative to the train, the magnitude of the man's velocity relative to the ground is the algebraic sum
of the magnitudes of the two velocities. Because they are both moving in the same direction, that algebraic
sum is additive.

An analysis of the velocities

The train is moving 1 mile per hour with reference to the ground, and the man is moving 2 miles per
hour with reference to the train (along the same line and in the same direction as the train). Therefore, the
man is moving 1+2=3 miles per hour with reference to the ground.
This means that an observer standing on the ground at a point on a line perpendicular to the train would
perceive the man to be moving to the to the right with a velocity of 3 miles per hour (assuming that the
train is moving to the right).

A zero-degree angle is not required

Note that it isn't necessary that the train and the man be moving at an angle of zero degrees (east). The
magnitude of the result would be the same regardless of the direction that they are moving provided they
are moving along the same straight line.
We will specify a dierent common direction for the train and the man in the next exercise.
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4.4.2 Exercise #2 for a man on a train
A man is walking in a passenger car of a train that is moving at 1 mile per hour toward the northeast (45
degrees). The man is walking in the opposite direction than the train is moving at 2.933 feet per second.
(This means that the angle for the man's velocity vector is 225 degrees.)
What is the man's velocity with reference to the ground?

Tactile graphics

An svg le named Phy1070c1.svg is provided for the creation of a tactile velocity vector diagram for this
scenario. The table of key-value pairs for this le is provided in Figure 8 (p. 20) .

Key-value pairs for the image in Phy1070c1.svg.

m:
n:
o:
p:
q:
r:

Exercise #2 for a man on a train
Velocity vectors are shown below
Train
Man
Sum of the two velocity vectors
File: Phy1070c1.svg

Figure 8: Key-value pairs for the image in Phy1070c1.svg.

The image contained in this le is shown in Figure 9 (p. 21) for the benet of your assistant who will
manually emboss the diagram. A non-mirror-image version is shown in Figure 16 (p. 31) .
The units for both velocity vectors must be the same. Therefore, the length of the velocity vector for the
man is based on a conversion from 2.933 feet per second to 2 miles per hour.
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Mirror image contained in the le named Phy1070c1.svg

Figure 9: Mirror image contained in the le named Phy1070c1.svg

Make a new html le

Please copy the code from the previous exercise into a new html le, make the changes described below,
and open the html le in your browser.

• Change the value of vecTrainAng from 0 to 45.
• Change the value of vecManAng from 0 to 225.
(Because of the small dierences between this script and the previous script, I won't publish a copy of this
new script here.)

Screen output

The text shown in Figure 10 (p. 22) should appear in your browser window when you open the le in
your browser.
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Screen output for Exercise #2 for a man on a train.

Start Script
Velocity magnitude = 1.00 miles/hour
Velocity angle = 225.00 degrees
End Script

Figure 10: Screen output for Exercise #2 for a man on a train.

Analysis of the results

The man and the train are still moving along the same straight line even though the angle is no longer
0. Therefore, the magnitudes of the two vectors still add algebraically. In this case, however, the man and
the train are moving in opposite directions, so they are no longer additive.

The man has a greater velocity magnitude

The magnitude of the man's velocity in the direction of 225 degrees is greater than the magnitude of the
train's velocity in the opposite direction of 45 degrees.
As you can see from Figure 10 (p. 22) , the man's velocity with reference to the ground is 1 mile per
hour at an angle of 225 degrees. This means that an observer standing on the ground at a point on a line
perpendicular to the train would perceive the man to be moving to the left at 1 mile per hour (assuming
that the train is moving to the right).

4.4.3 An exercise with three vectors in a plane
Now we are going to take a look at an exercise involving three vectors in a plane, which are not in a line.
An aircraft carrier is steaming east with a uniform velocity of 2 miles per hour relative to the ground
beneath the ocean. A large platform on the deck is sliding northeast with a uniform velocity of 2 miles per
hour relative to the ship. A man is walking north on the platform with a uniform velocity of 2 miles per
hour relative to the platform.
What is the velocity of the platform with reference to the ground below the ocean?
What is the velocity of the man with reference to the ground below the ocean?

Tactile graphics

An svg le named Phy1070d1.svg is provided for the creation of a tactile velocity vector diagram for this
scenario. The table of key-value pairs for this le is provided in Figure 11 .
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Key-value pairs for the image in Phy1070d1.svg.

m:
n:
o:
p:
q:
r:
s:
t:

Exercise with three vectors in a plane
Man velocity vector
Sum of three vectors
Platform velocity vector
Ship velocity vector
File: Phy1070d1.svg
Sum of two vectors
Summation vector lines are dashed

Figure 11: Key-value pairs for the image in Phy1070d1.svg.

The image contained in this le is shown in Figure 12 for the benet of your assistant who will manually
emboss the diagram. A non-mirror-image version is shown in Figure 17 (p. 32) .
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Mirror image contained in the le named Phy1070d1.svg

Figure 12: Mirror image contained in the le named Phy1070d1.svg

Create the script

Please copy the code from Listing 4 (p. 24) into an html le and open the html le in your browser.

Listing 4: An exercise with three vectors in a plane.
<!---------------- File JavaScript04.html --------------------->
<html><body>
<script language="JavaScript1.3">

document.write("Start Script </br>");
//The purpose of this function is to receive the adjacent
// and opposite side values for a right triangle and to
http://cnx.org/content/m38042/1.3/
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// return the angle in degrees in the correct quadrant.
function getAngle(x,y){
if((x == 0) && (y == 0)){
//Angle is indeterminate. Just return zero.
return 0;
}else if((x == 0) && (y > 0)){
//Avoid divide by zero denominator.
return 90;
}else if((x == 0) && (y < 0)){
//Avoid divide by zero denominator.
return -90;
}else if((x < 0) && (y >= 0)){
//Correct to second quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else if((x < 0) && (y <= 0)){
//Correct to third quadrant
return Math.atan(y/x)*180/Math.PI + 180;
}else{
//First and fourth quadrants. No correction required.
return Math.atan(y/x)*180/Math.PI;
}//end else
}//end function getAngle
//------------------------------------------------------------//
//The purpose of this function is to add two vectors, given
// the magnitude and angle (in degrees) for each vector.
// The magnitude and angle (in degrees) of the resultant
// vector is returned in a two-element array, with the
// magnitude in the element at index 0 and the angle in the
// element at index 1. Note that this function calls the
// getAngle function, which must also be provided in the
// script. To use this function to subtract one vector from
// another, add 180 degrees to the angle for the subtrahend
// vector before passing the angle to the function. To use
// this function to add more than two vectors, add the first
// two vectors as normal, then add the output from this
// function to the third vector, etc., until all of the
// vectors have been included in the sum.
function vectorSum(vecAmag,vecAang,vecBmag,vecBang){
var vecResult = new Array(2);
//Compute the horizontal and vertical components
// of each vector.
var vecAh = vecAmag*Math.cos(vecAang*Math.PI/180);
var vecAv = vecAmag*Math.sin(vecAang*Math.PI/180);
var vecBh = vecBmag*Math.cos(vecBang*Math.PI/180);
var vecBv = vecBmag*Math.sin(vecBang*Math.PI/180);
//Compute the sums of the horizontal and vertical
// components from the two vectors to get the
http://cnx.org/content/m38042/1.3/

25

Connexions module: m38042

// horizontal and vertical component
// resultant vector.
var vecResultH = vecAh + vecBh;
var vecResultV = vecAv + vecBv;
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of the

//Use the Pythagorean theorem to compute the magnitude of
// the resultant vector.
vecResult[0] = Math.sqrt(Math.pow(vecResultH,2) +
Math.pow(vecResultV,2));
//Compute the angle of the resultant vector in degrees.
vecResult[1] = getAngle(vecResultH,vecResultV);
return vecResult;
}//end vectorSum function
//------------------------------------------------------------//
//Main body of script begins here.
//Establish the magnitude and angle for each vector.
var vecShipMag = 2;//magnitude of velocity of ship in miles/hr
var vecShipAng = 0;//angle of velocity of ship in degrees
var vecPlatMag = 2;//magnitude of velocity of platform miles/hr
var vecPlatAng = 45;//angle of velocity of platform in degrees
var vecManMag = 2;//Magnitude of velocity of man in miles/hr
var vecManAng = 90;//angle of velocity of man in degrees
//Add two vectors
var platformVel =
vectorSum(vecShipMag,vecShipAng,vecPlatMag,vecPlatAng);
//Add in the third vector
var manVel =
vectorSum(platformVel[0],platformVel[1],vecManMag,vecManAng);
//Display the magnitude and direction of the resultant vectors.
document.write("Platform velocity magnitude = " +
platformVel[0].toFixed(2) + " miles/hour</br>");
document.write("Platform velocity angle = " +
platformVel[1].toFixed(2) + " degrees</br>");
document.write("Man velocity magnitude = " +
manVel[0].toFixed(2) + " miles/hour</br>");
document.write("Man velocity angle = " +
manVel[1].toFixed(2) + " degrees</br>");
document.write("End Script");
</script>
</body></html>
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Screen output

The text shown in Figure 13 (p. 27) should appear in your browser window when the html le is opened
in your browser.

Screen output for Listing #4.

Start Script
Platform velocity magnitude = 3.70 miles/hour
Platform velocity angle = 22.50 degrees
Man velocity magnitude = 4.83 miles/hour
Man velocity angle = 45.00 degrees
End Script

Figure 13: Screen output for Listing #4.

Analysis of the code

The velocity of the platform relative to the ground is the vector sum of the ship's velocity and the velocity
of the platform relative to the ship. The man's velocity is the vector sum of the platform's velocity relative
to the ground and the man's velocity relative to the platform.
Listing 4 (p. 24) begins with copies of the getAngle function and the vectorSum function, which I have
already explained. This discussion begins at the comment that reads "Main body of script begins here."

The main body of the script

The main body begins with the declaration and initialization of six variables whose contents represent
the magnitude and the angle of the ship, the platform, and the man.

Add the rst two vectors

The vectorSum function is called to add the ship's velocity vector (relative to the ground) and the
platform's velocity vector (relative to the ship). The resultant vector produced by adding those two vectors
is stored in the array-object variable named platformVel for use later. This is the platform's velocity
vector relative to the ground.

Add the man's vector to the sum

Then the vectorSum function is called again to add the platform's velocity vector (relative to the ground)
and the man's velocity vector (relative to the platform). Note that the two values stored in the platformVel
array object are extracted and passed as parameters to the vectorSum function.
The resultant vector produced by that addition is saved in the array-object variable named manVel .
This is the man's velocity vector relative to the ground.

Display the results

Finally, the method named document.write is called four times in succession to extract and print the four
values stored in the two array objects, producing the text output shown in Figure 13 (p. 27) .
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4.5 Non-mirror-image graphics
Figure 14 (p. 29) through Figure 17 (p. 32) below are non-mirror-image versions of Figure 3 (p. 8) , Figure
6 (p. 14) , Figure 9 (p. 21) , and Figure 12 (p. 24) respectively.
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Non-mirror-image contained in the le named Phy1070a1.svg.

Figure 14: Non-mirror-image contained in the le named Phy1070a1.svg.
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Non-mirror-image contained in the le named Phy1070b1.svg.

Figure 15: Non-mirror-image contained in the le named Phy1070b1.svg.
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Non-mirror-image contained in the le named Phy1070c1.svg.

Figure 16: Non-mirror-image contained in the le named Phy1070c1.svg.
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Non-mirror-image contained in the le named Phy1070d1.svg.

Figure 17: Non-mirror-image contained in the le named Phy1070d1.svg.

5 Run the scripts
I encourage you to run the scripts that I have presented in this lesson to conrm that you get the same
results. Copy the code for each script into a text le with an extension of html. Then open that le in
your browser. Experiment with the code, making changes, and observing the results of your changes. Make
certain that you can explain why your changes behave as they do.

6 Resources
I will publish a module containing consolidated links to resources on my Connexions web page and will
update and add to the list as additional modules in this collection are published.
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7 Miscellaneous
This section contains a variety of miscellaneous information.
note:

•
•
•
•

Housekeeping material

Module name: Motion  Uniform and Relative Velocity
File: Phy1070.htm
Revised: 07/03/2011
Keywords:
· physics
· accessible
· blind
· graph board
· protractor
· screen reader
· refreshable Braille display
· JavaScript
· trigonometry
· vector
· velocity
· uniform velocity
· relative velocity
· resultant
· motion
· displacement
· subtrahend
· array object

note:
Disclaimers: Financial : Although the Connexions site makes it possible for you to
download a PDF le for this module at no charge, and also makes it possible for you to purchase a
pre-printed version of the PDF le, you should be aware that some of the HTML elements in this
module may not translate well into PDF.

I also want you to know that I receive no nancial compensation from the Connexions website even
if you purchase the PDF version of the module.

Aliation : I am a professor of Computer Information Technology at Austin Community College
in Austin, TX.
-end-
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