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Problem #1 (25)

Three forces are applied on a particle as shown in the figure.
(a) (10) Express forces 1F , 2F , and 3F in Cartesian vector form.

(b) (10) Determine the magnitude |R|, in N, and the angles θx, θy and θz in degrees,
between the resultant R of the three forces and the axes x, y and z.

(c) (5) Is the particle in equilibrium?
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Problem #2 (25)

Consider the two vectors, A and B, given below:

A = -3 i + 4 j + 10 k
B = 5 i – 3 j + 8 k

(a) (5) Determine the unit vector, uA.
(b) (5) Determine the unit vector, uB.
(c) (5) Determine the angle, θ, between vectors A and B. Provide your result in degrees.
(d) (5) Determine the vector component of B along A.
(e) (5) Determine the vector component of B orthogonal to A.



Problem #3 (25)

A 100 kg mass M is suspended by cable AM (length 0.4 m) from a steel ring at A.  Cable AC
(length 1.0 m) connects the ring to a rigid ceiling at an angle  from vertical, as shown.  Cable
AB (length 0.7 m) is pulled with a force F at an angle  from horizontal, as shown.
The acceleration due to gravity is 9.81 m/s2.
Let “T” be the tension in cable AC.  Let “W” be the tension in cable AM.
The three cables are attached to ring A in such a way that they are free to slide around the ring.
Thus, the lines of action of the cables are concurrent at the center of the ring.
a (6). Draw a complete and separate free body diagram for the forces acting on the ring at A.
b (10). Write all of the applicable equations of static equilibrium for the motionless ring at A.
c (2). List all of the unknowns in the system of equations in Part b.
d (2). Can someone solve the system of equations in Part b for the unknowns in Part c?  Explain

why or why not?

Now suppose that cable CAB is one continuous cable that goes through the smooth ring at A,
and is not attached to the ring.
e (2).  How do the equations of static equilibrium change from Part b?
f (3).  If the magnitude and direction of the pulling force (F, at an angle  from the horizontal)
are specified, can someone always solve the system of equations in Part e?  Why or why not?



Problem #4 (25)

The following are three linear equations in three unknowns (x1, x2, and x3). Solve the system of
equations using the Gauss-Jordan elimination method.  Be careful to observe the signs (+ and −)
in the problem statement.

–5x1 – 2x2 + 2x3 = –2
2x1 – 2x3 = 14
x1 + (1/2)x2 – (1/2)x3 = 6

A (3). Show the augmented matrix for the system shown above.
B (18). Show how to obtain the reduced row echelon form of the augmented matrix by using

elementary row operations. To receive full credit, all elementary row operations shall be
identified and each result shown.  You may combine up to two elementary row
operations in a single step as long as you clearly identify both operations.

C (4). Write the solution for the three variables x1, x2, and x3.

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


