
 

 
Problem #1 (25 Points) 

Given two vectors A = -5i + 3j + 7k and B = -2i +3j  + 5k,  and four points in the same 3D 

Cartesian coordinate system, P1 (1,1,-5), P2 (-1,4,1), P3 (3,2,-2) and P4 (2,1,0).  

a) Determine vector U = A - B and express it in Cartesian vector form. (3 pts) 

b) What is the magnitude of U?  (3 pts) 

c) Find the vector projection of A on a line parallel to B, expressed in Cartesian vector 

form.  (5 pts) 

d) Demonstrate using dot product that the vector P1P3 is orthogonal to vector P2P4. (7 pts) 

e) Determine the angle θ between vector P1P4 and vector P2P3 in degrees. (7 pts) 

Showing all steps is required! 

 

 

  



Problem #2 (25 Points) 

The three forces F1 = 1000 N, F2 = 600 N and F3 = 250 N pass by the origin of coordinates as 

shown in the figure below.  

a) Express the forces F1, F2 and F3 in Cartesian vector form. (10 pts) 

b) Find the resultant force FR in Cartesian vector form. (2 pts) 

c) Find the value of the resultant force FR in N. (2 pts)  

d) Find the unit vector along force F1, 𝐮F1. (3 pts) 

e) Find the vector component of F2 along the line of action of F1, 𝐅2∥. (3 pts) 

f) Find the angle, θ, between FR and F1, in degrees. (5 pts) 

Showing all steps is required! 

 

  
  



Problem #3 (25 Points) 

A massless ring O is supported by a cable OA, a spring OD and a crate C via a frictionless pulley 

at B as shown in the figure below. The role of the pulley is to change the direction of the force. 

The unstretched length of the spring is 3 m and the spring constant is k = 200 N/m.  

a) Determine the force in the spring OD. (6 pts)  

b) Write down the equations of equilibrium for x and y components. (15 pts)  

c) Find the force in the cable OA and the weight of the crate.  (4 pts) 

Showing all steps is required! 

 

  
 

  



Problem #4 (25 Points) 

Solve the following system of linear equations using the Gauss-Jordan Elimination method:  

{

7𝑥 + 4𝑦 + 3𝑧 = 8
−3𝑥 + 9𝑦 + 5𝑧 = −9
5𝑥 + 7𝑦 + 6𝑧 = −5

  

a) Write the augmented matrix. (2 pts)  

b) Use elementary row operations to obtain the reduced row echelon form. (20 pts)  

c) Find the solutions for x, y, and z.  (3 pts) 

Show all details of the elementary row operations (no credit will be given for unsupported 

answers). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


