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Problem #1 (25)

Use the following 3 position vectors, defined in a 3D Cartesian coordinate system, for the
questions below.

P1 = (1, -4, 5), P2 = (2, -1, 3), P3 = (3, -1, -1)

(a) Compute the vectors A = P2 - P1 and B = 2P3 - P2. (3)
(b) Find ‖A‖ and ‖B‖. (2)
(c) Find λA, the unit vector in the direction of A. (3)
(d) Compute the scalar product of A and B. (2)
(e) Find the angle, θ, between A and B. (3)
(f) Find projAB, the orthogonal projection of B on A. (5)
(g) Find the vector component of B orthogonal to A. (4)
(h) Show that the vector found in part (g) is indeed orthogonal to A. (3)

Note: show all steps.



Problem #2 (25)

In order to move a wrecked truck, two cables are attached at A and pulled by winches at B and C
as shown. Knowing that the tension in cable AB is 2 Kips (Kilo Pounds) and that in cable AC is
1.5 Kips.

1. Express the tension in cable AB in vector form, (Units: Kips). (8)
2. Express the tension in cable AC is vector form, (Units: Kips). (8)
3. Using your response to (1) and (2), determine the vector form of the resultant force acting at A,

(Units: Kips). (3)
4. Using your response to (3), determine the magnitude of the resultant force acting at A? (Units:

Kips) (3)
5. Using your response to (3) and (4), determine the direction of the resultant force (i.e., its angles x,

y and z made with the X, Y and Z axis, respectively). (Units: Degrees) (3)

Hint: Setup the coordinate axes as shown on the figure to the right.
Hint: Setup the coordinate axes as shown on the figure to the right.



Problem #3 (25)

A ball D has a mass m = 20 kg and is supported by a set of cables, and by the application of a
horizontal force F, as shown in the figure. Take force F = 300 N and distance d = 1 m. The system
is in equilibrium and gravitation acts vertically down. Gravitational acceleration, g = 9.81 m/s2.

1. Draw the free body diagram for the point A. (8)
2. Using your response to (1),write the equilibrium equations for point A. (10)
3. Using your response to (2), determine the magnitude of the tensions in Cables AC and AB (Units:

N). (7)



Problem #4 (25)

Solve the following system of linear equations using Gauss-Jordan elimination method:− 3 + 2 	 = 142 − 5 + 4 = 27− + 3 − = − 10
a) Write out the augmented matrix corresponding to the system. (3)
b) Use elementary row operations to obtain the reduced row echelon form. (19)
c) Write the solution for the three variables x, y, and z. (3)

Note: To receive full credit, all intermediate work (e.g. elementary row operations) should be
shown.


