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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)
A frame with a smooth pulley supports an 800 N load as shown

(a) Draw free body diagrams of members AC and BCD; (5)
(b) Write out the equations of equilibrium for AC; (6)
(c) Write out the equations of equilibrium for BCD; (6)
(d) Determine the horizontal and vertical components of force that the pins at A, B, and C exert on
their connecting members. (3)

Free-body diagram:

Value                Unit

b)

c)

d)
Ax =
Ay =
Bx =
By =
Cx =
Cy =



Problem 2 (20 points)

Consider the following linear equations.
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1. Write the equations in a matrix form as AX=B. (1)

2. Determine the cofactors of all the entries of A and hence write down the cofactor matrix. (10)

3. Evaluate the classical adjoint matrix of A, adj(A). (2)

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

5. Solve the equations for x1 using Cramer’s rule. (4)

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

1.

2.

3.

4.

5.



Problem 3 (20 points)

A band belt is used to control the speed of a flywheel.  If the coefficient of friction between the belt
and the flywheel is 0.25, determine the magnitude of the tension in each side of the cable and the
maximum couple that can be stopped if the flywheel is rotating:

a) Clockwise (10)
b) Counter clockwise (10)

Note: You need to draw all required FBD’s for this problem

Value          Unit
a)
T1 =
T2 =
Torque =

b)
T1 =
T2 =
Torque =



Problem 4 (20 points)

Four forces act on a small airplane in flight as shown: its weight W, the thrust provided by the engine
FT, the lift provided by the wings FL, and the drag resulting from moving through air FD.

(1) Express all forces in Cartesian (x-y) vector form (8)
(2) Find the vector (x-y) form of the resultant of the four forces FR (6)
(3) The angle of the resultant FR from positive x-axis (2)
(4) The angle of the resultant FR from positive axis of the plane x’ (2)
(5) What is the status of the plane (select 1) at this moment? Explain (2)

(a) Static equilibrium;
(b) Deaccelerating;
(c) Accelerating;
(d) Constant speed.

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

(1). FT =
FL =
W =
FD =

(2). FR =

(3).  =

(4). ’ =
(5).



Problem 5 (20 points)

In the system shown:
a) Express all the forces in the FBD in Cartesian Vector Form (3)
b) Express all the moments in the system in Cartesian Vector Form (3)
c) Determine the resultant force of the system (3)
d) Replace the force system with a force and a couple at point A (8)
e) Can the system be reduced to one force?  Explain (4)

Value                Unit

a)

b)

c)

d)

e)



Problem 6 (20 points)
A bar is loaded and supported as shown.  End A of the bar is supported with a ball-and-socket and end
B with a cable and a link.

(1) Draw complete and separate FBD of the bar in the box given (7)
(2) Express the cable tension T in Cartesian vector form (3)
(3) Write equations-of-equilibrium for the bar (7)
(4) Solve for reaction components at supports A and B (if the result is along the negative axis

directions, use “-”), as well as the magnitude of the cable tension T (3)

(1). Draw FBD here.

(2). T =
(3).

(4).


