
 

 

 

Lab 5:        Vector Addition 

 
This lab will not follow the usual approach of setting up two variables and then collecting data to 

see how the dependent variable relates to the independent variable. A set of six bearings will be 

supplied and much like an orienteering adventure, you will use vector addition to see where the 

bearings lead you. In vector addition, in this case two dimensional vectors, the notation for 

addition is simply: 

R = A + B + C + … 

 

Each of the vectors will be displacement vectors, which means, you will be positioned at some 

point relative to an origin and then you will move to another point, by setting the angle and 

walking the displacement distance. At the conclusion of your Lopes Migration, you will discover 

your destination and then, using the rules for vector addition, demonstrate that your set of 

bearings does, indeed, bring you to your surprising endpoint. 

 

Read Sections 3.3 - 3.4 prior to class. 

 

Learning Objectives  

• To accurately measure a set of 2-dimensional position vectors. 

• To apply the rules for vector addition to arrive at the theoretical sum of a set of position 

vectors. 

 

1. Objective: 

 

To directly measure the sum of a set of displacement vectors and then to compare the 

result to the calculated value obtained using the rules for combining more than one 2-

dimensional vectors. 

 

2. Hypothesis: 

 

A set of displacement vectors can be used to fix a point in space and using trigonometry, 

which relates polar to Cartesian coordinates, the destination can be determined using 

vector addition. 

 

3. Variables: 

 

Control(s): 

Independent: 

Dependent:  

 

4. Table Design: 

 

i     

1–8     

 

 



 

 

 

5. Materials: 

 

This lab requires a bit of ingenuity. How will you measure out the distances and angles 

using as accurate a method as you can devise? Just ask for something and I may be able 

to provide it. 

 

6. Procedure: 

 

This is a numerical list of instructions that clearly describe the steps necessary to conduct 

the experiment. The list should be complete enough so an absent classmate can follow 

them. Do not include obvious steps such as Gather all materials or Clean up. 

 

• Given a Lopes Migration set of bearings, use the compass setting on your cell phone 

(be sure to set you compass for True North) to walk off the bearings. To set a distance 

measurer, the size of a lab partner’s pace must be determined. Also, there are apps, 

such as Argus, that will keep track of the distance and the number of steps (2 steps = 

1 pace). 

• The compass angles are measured are measured relative to due North, which is zero 

degrees and the angles progress toward the East (90 degrees), then South (180 

degrees), and West (270 degrees). The trigonometry for this is the same as using the 

positive x-axis as zero degrees and progressing counter-clockwise, except the x-

variable is determined using the sine of the angle and the y-variable uses cosine of the 

angle. 

• To get an accurate value for your pace, chose a large distance, 25 – 100 meters, to 

step off the distance and count the paces, which will give the distance per pace. Walk 

naturally! 

• If you need to work around large obstacles, use trigonometry to find the components 

of the bearing so you can step around the obstacle. 

• At the end of each bearing mark the location of the position by referring to the map of 

the campus or elsewhere if this done off campus. This is very important. Pinpoint the 

position. 

• At the end of the 6th bearing, the destination, the location should be a recognizable 

place. Again, mark this final position carefully on the map. Each mark location will 

be measured off a Google map. 

• The trigonometry used to convert from polar to Cartesian and back again is on the 

Physics Equation sheet. 

 

7. Data: 

 

• Record the Lopes Migration number for the set of bearings. 

• Record the given bearings and their x- and y-coordinate. Then add up the x- and y- 

coordinates and then determine the theoretical magnitude and angle for the vector 

sum. 

• Using the campus map and Google, determine the distance and angles of each of the 

marked bearings on the map. Find the x- and y-coordinates of these bearings and then 

determine the measured resultant magnitude and angle. 

 



 

 

 

8. Analysis: 

 

• Using the mathematics of vectors, add up the set of displacement vectors to determine 

the resultant vector, in both Cartesian and polar coordinates. No need to show your 

work. Enter the resultant vectors at the bottom of the data table. 

• Using the Campus Map provided, plot each supplied vector (bearing) in the tail to 

nose fashion and the resultant vector that drawn from the original position to the final 

position. The map is properly scaled, so that one inch in a northerly direction is the 

same distance as one inch in an easterly direction. You can measure a large distance 

using Google maps and this will set the scale for you map. Use Insert>Shapes>Line 

to produce your vectors using the proper scaling factor. The drawing tool can be used 

to set the vectors, so they have the correct x- and y-value. 

• Do the same for the vectors that were walked off. This is easier since you marked the 

locations on the map and all you must do is connect the dots. Be sure to use a 

different color for the two sets of vectors. Then, show both resultant vectors by 

connecting the tail of the first vector with the nose of the final vector. Use a similar 

but different shade for the resultant vector. 

• Given the actual destination, using the assigned bearings, determine how far you were 

from landing on the actual position of the vector sum. Calculate a percent error for the 

distance calculated and the distance measured by walking. 

 

% 𝑒𝑟𝑟𝑜𝑟 =  
|∆𝑅|

𝑅
× 100 

 

9. Conclusion:  

 

Answer the following: Did you meet your objective? 

 

10. Evaluation:  

 

Be sure to include each of the following. No need to bullet point – a single paragraph is 

expected (see the Lab Report Format document for guidance). 

• First, you must address if your hypothesis is supported or not.  

• Describe the level of accuracy (% error less than 5% is excellent) and then 

provide a possible and reasonable source of systematic error to explain an 

inaccuracy in the experiment. 

• Describe the level of precision, even though statistics was not generated by a 

graph, you have the theoretical and experimental values for the bearings (best to 

use the Cartesian coordinates) which can provide some insight into the degree of 

precision. Provide a possible and reasonable source of random error to explain an 

imprecision in the experiment. It should be a reason why there are fluctuations in 

the data set that cause the values to be unpredictably high or low.  

• Keep each evaluation separate and discuss accuracy/systematic error first. Also, 

outliers are not experimental errors. They are mistakes that should be corrected as 

they arise.  

 



 

 

 

 

The report should be submitted in the “Lab 4: Vector Addition” drop box on LoudCloud as 

directed by your instructor. 

 

When Submitting the Report: 

 

• Just the lead for the lab will turn in the lab report. Each week, a different member 

of the lab group will be the lead. 

• The report must be a single-spaced, Word document with editable graphs and tables 

imported from Excel. Use Times New Roman, 12 point, and black (no color in tables 

or on graph except when there are two lines). If your Word program is set to a 

different font and you want to change it to a different default, click on the little box in 

the bottom righthand corner of the Font tool bar on the Home tab. Then, select New 

Times Roman, Regular, and 12 point. Then, at the bottom of the dialogue box, click 

on the button, Set As Default. 

• Use the following to name the lab document: Lab4Team#FirstNameLastInitial. No 

spaces or dots. For example, suppose you are the Lead for this lab, your name is Tom 

McCarthy, and you are in Lab Group 3. Then, your document title would be: 

 

Lab4Team3TomM.docx 

 

 

 

 

 

 

 

 

 



 

 

 

Drawing is square (Dimensions are scaled equally). The scale can be determined using Google 

maps (right click on a starting point and then click on the second point) to measure distance and 

directly measuring a long distance and comparing it with the same distance here, using a line and 

measuring its length, in inches (Insert > Shapes > Line and use the Size feature at the right end of 

the tool bar). 

 

 

 

 

 

 


