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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)

Given the system of linear equations:
-3x + 2z = 9.75

x + y – 3z = -7.5
5x – 2y – z = -14.75

a) write the system of equations in a matrix form AX=B, and identify matrices: X, A
and B. (3)

b) Calculate the determinant of matrix A using the method of cofactors. (4)

c) Determine adjoint of A (adj(A)). (5)

d) Determine the inverse of matrix A using the adjoint matrix method. (3)

e) Using Cramer’s law, find the unknown z. (5)

Note: You should show all work to receive full credit



Problem 2 (20 points)A rope connecting two blocks A and B is wrapped around a fixed peg, as shown in the figurebelow. The block A has a weight of 300 N and is subjected to a horizontal force of 250 N.  Thecoefficient of friction between block A and the floor is 0.4. The coefficient of friction between thepeg and the rope is 0.15.a) Determine the weight of block B that will lead to an impending downward motion. (9)b) Determine the weight of block B that will lead to an impending upward motion. (9)c) What is the min. & max. weight of block B for which no motion will occur? (2)

Draw necessary FBDs to receive full credit



Problem 3 (20 points)

An 80-N force is applied to a frame consisting of two members: ABC and CD that are connected
through a smooth pin at C as shown. The length b = 80 mm.

(1) Identify two-force member(s), if any, in the frame (1)
(2) Draw complete free-body-diagrams for members ABC and CD, respectively. (8)
(3) Write equilibrium equations for member ABC. (3)
(4) Determine the force at C on ABC in Cartesian vector form (3)
(5) Determine the reactions at B and D in Cartesian vector form (5)



Problem 4 (20 points)
Assuming the piston A can move freely (frictionless) in the vertical cylinder and considering the
system shown in the figure at surrounding pressure Pamb=0 (Pa), find the minimum and maximum
pressure in the cylinder to maintain the system at equilibrium.

 All the pulleys are frictionless and WA =100 N, WB = 20 N, WC = 100 N, WD = 60 N.
 Cross-sectional area of piston A is 0.05 m2 and P (Pa) = F (N) × A (m2).

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



Problem 5 (20 points)
Three cables connected at point A are used to tether a hot air balloon (not shown), and the system is in
static equilibrium. The balloon exerts the upward force P shown at point A, and the tension in cable
AB is 320 N.

a) Draw a free-body diagram (FBD) around point A. The FBD must be a separate figure.(5)
b) Write the equations of equilibrium for the FBD around point A (4)
c) Determine the magnitude of the tension in cable AC. (7)
d) Determine the angle between cables AC and AD (4)

Note: You should show all your work to receive full credit



Problem 6 (20 points)

The figure below shows the horizontal view of a homogeneous stainless steel (density is 487 lbm/ft3

where “lbm” is “pound mass” 1 lbm = 1/32 slug) object (shaded area).  The thickness of the object is
uniform and equal to 0.5 in.  Determine the weight in lbf (lbf is “pound force”; 1 lbf = 1 slug x 1
ft/sec2) of the object and the location of the weight with respect to the origin of x-y coordinate system
shown in the figure. (Note in English unit, gravitation acceleration g = 32 ft/sec2)


