KH 3600 – LAB -2


Name_____________________________  Group________________________  Grade______

LAB # 2
Vectors
Objectives

1. Calculate resultant forces using the polygon chain method and vector composition measures.

2. Calculate components using vector resolution measures.

3. Determine the relationship between the angle of muscle insertion and force production capabilities. 

4. Determine the relationship between stabilizing, dislocating, and angular forces at the elbow joint.

Materials Needed
Calculator, colored pens/pencils, metric ruler, protractor, triangles

Theory
A vector is a physical quantity with both size and direction information.  It usually is represented by the following four properties:

· Magnitude - amount of quantity
· Direction - the way the quantity is applied 

· Point of application - where the quantity is being applied or received 

· Line of action - the straight line extending indefinitely through the point of application and along the direction of the vector quantity.

In Biomechanics, force, displacement, velocity, acceleration, momentum and impulse are typical vector quantity.

These four properties are demonstrated in the diagram below for a force measurement.  Force is represented by an arrow, or vector.
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Activity 1 (3 point)
The picture below demonstrates knee flexion.  Draw and label the four properties of force produced by the hamstring muscle group. **Hint, think back to anatomy, the origin and insertion of this muscle group**
[image: image2.png]



Theory
In the study of mechanics physical quantities are classified into scalar and vector. Scalar quantities are described completely by their magnitude, while vector quantities possess both magnitude and direction. A vector is represented by an arrow-shaped symbol. Therefore, the magnitude is represented by the symbol’s size and the direction by the symbol’s orientation.  
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Assuming a scale of 1 cm = 3 Newton, the 1st vector represents 6 N with a positive direction, the 2nd vector represents 3 N with a negative direction, and the 3rd vector represents 15 N with a negative direction.

In Biomechanics, we can represent different forces acting on a body or implement as vectors, and by adding them together we can find out the resultant force. This process is called vector composition. If two parallel forces are acting on an object or body in the same direction, then they may be added. If two parallel forces are acting in opposite directions on an object or body, then the difference may be computed. The resultant direction will correspond to that of the longer vector in both cases.

For activities #2-5 use the following scale: 1 cm = 40 N **Use a ruler to measure the lines and multiply by 40. For example, If I measured a line on a vector problem to be 1.5 cm, then multiply by 40 N = 60. The value you would use to calculate the vectors is 60 N. Use a protractor to measure the individual angles at the tail of each individual vector. It’s important to stay consistent with where you measure the angle from (x-axis vs y-axis).
Activity 2
On the following diagrams, draw the resultant force vector (i.e., an arrow drawn in the correct direction) and calculate the force in Newtons using the suggested methods for each.  

1.  Add/subtract the parallel forces (4 points). 
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Graphic solution of vector composition
When two forces are acting in different directions and are not parallel to each other they cannot simply be added or subtracted; therefore, we need to use other methods. A graphic procedure that can be used is called the “tip-to-tail” method, in which the tail of the second vector is placed on the tip of the first vector, and the resultant is drawn from the tail of the first to the tip of the second vector. This procedure can be used with more than two vectors, following the sequence from first to second, from second to third, and so on. However, careful attention needs to be placed on the proper orientation of each vector while finding the resultant with this method.
Activity 3 (4 points)
Find the resultant force from the following set of forces (show all work and calculations for full credit).

If you have a protractor, measure the angles of each vector from the x-axis. If you don’t have one… 1st problem: F1: 60 deg from x; F2: 20 deg from x; F3: 60 deg from x.

 2nd problem: F1: 80 deg from x; F2: 5 deg from x; F3: 45 deg from x; F4: 25 deg from x.

Note the direction of the vector as this can determine whether x or y is positive or negative.

How do your results compare when you do tip-to-tail method?
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Trigonometric solution of vector composition 
The trigonometric functions (SOHCAHTOA) can be used to resolve a vector into its horizontal (x) and vertical (y) components. This process is called vector resolution. If you don’t remember trigonometry please see the appendix of this lab manual or the appendix at the back of the textbook.

Activity 4 (4 points)
Find the resultant of the following set of vectors (show all work and calculations for full credit).

[image: image7.png]2cm Scm

15cm

Resultant force (N) = Resultant force (N) =




Activity 5 (3 points)
Vector Resolution; find the horizontal and vertical components of the following resultant vector (show all work, including drawing in the triangle that is created from the vector, and calculations for full credit).  *** Note - Figure not drawn to scale
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Activity 6 (10 pts)
Use a list format to compile detailed qualitative and quantitative descriptions of the position displayed by the athlete in the photograph below. Your descriptions should include the following:
1. An overall description of body position (e.g. airborne, leaning in x direction, upright, supine)

2. A description of the position and approximate range of motion of each and every joint, excluding fingers and toes, but including a description of trunk (spine) position and head/neck position. Descriptions should be in the format of: range of motion in a direction of the body part at a given joint (e.g. approximately 120( flexion of the right leg at the knee). Approximation is fine for now with quantitative responses.
Remember, someone should be able to read your description and have an accurate mental image of the body position described!
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	Qualitative
	Quantitative

	Ex: airborne
	Ex: right knee flexed 120 degrees.

	
	

	
	

	
	

	
	

	
	


Summary Questions (2 points)

1. What are the 4 principles of force?

a) ___________________________________

b) ___________________________________

c) ___________________________________

d) ___________________________________

2. What can you use to find the vertical and horizontal components of a resultant force? 

a) ___________________________________

b) ___________________________________
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