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N.B.: You will be graded on 5 problems, 20 points per problem. Problems 1, 2, and 3 are mandatory
and will be graded. Before turning in your exam, please make sure you have circled the two problems
you want to be graded out of problems 4, 5, and 6.



Problem 1 (20 points)

Consider the structure shown below. Two hydraulic cylinders, AE and DG, control the position of the
robotic arm ABC. In the position shown the cylinders are parallel (i.e., AE and DG point in the same
direction), and P =160 N and Q =80 N.

(a) Identify all the two force members in the above structure. (2)
(b) Draw the FBD’s for the links ABC and FBD, with ALL forces labeled. (3)
(c) Determine the magnitude of the force exerted by the cylinder AE (10)
(Hint: Choose the link ABC to analyze equilibrium first.)
(d) Determine the magnitude of the force exerted by the cylinder DG. (5)
(Hint: Choose the link FBD to analyze equilibrium.)



Problem 2 (20 points)

Consider the following linear system of equations.

(a) Write the system of equations in matrix form, , and identify A, X, and B. (3)

(b) Determine the classical adjoint of the matrix A; that is, compute . (10)

(c) Find the inverse of A using the adjoint-matrix method. (3)

(d) Find the unknown w using Cramer’s rule. (4)

Note: You must show all work to receive full credit.



Problem 3 (20 points)

A cylinder of weight W is attached to a cord that passes around a fixed drum D and is connected to a
block of weight 50 lb.  If the coefficient of static friction between the block and the incline is 0.20 and
that between the cord and the drum is 0.30, determine:

a. The minimum weight W in lb. of the cylinder required to keep the 50-lb. block from sliding
down the incline. (10)

b. The minimum weight W in lb. of the cylinder that is required to start raising the 50-lb. block up
the incline. (10)



Problem 4 (20 points)

Three forces are applied to a bracket as shown in the figure below. If force F1 has a magnitude of 3000 lb and
the magnitude of the resultant R of the three forces (F1, F2 and F3) is 5000 lb.

a. Express vector R in Cartesian form (unit - lb). (1)
b. Express vector F1 in Cartesian form (unit - lb). (2)
c. Determine the magnitudes of forces F2 and F3 (unit - lb). (8)
d. Express vector F2 in Cartesian form (unit - lb). (1)
e. Express vector F3 in Cartesian form (unit - lb). (2)
f. Determine the reaction force exerted by the ground ON the bracket. (Express it in Cartesian

form, Unit - lb) [Hint- Draw FBD of bracket] (6)



Problem 5 (20 points)

A 70-kg cylinder is supported by two cables AC and BC, which are attached to the top of vertical posts.
A horizontal force P, perpendicular to the plane containing the posts, holds the cylinder in the position
shown.

(a) Draw the free-body diagram needed to determine P and the tension in each cable. (6)

(b) Find the unit vectors along the cables and away from point C. (6)

(c) Write the equations of equilibrium, including all coefficients that multiply the unknowns. (6)

(d) Solve for the magnitude of P and the tensions in the cables. (2)



Problem 6 (20 points)

The truss shown below is supported by two smooth pins at D and E.

a. Using the method of joints determine the force in members AB and AG in kN and state whether
they are in tension (T) or compression (C). (8)

b. Using the method of sections determine the force in members BC, CG, and FG in kN and state
whether they are in tension (T) or compression (C). (12)


