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1. A wheel shown in Figure 1 is of weigh W and radius r. The friction coefficient between the wheel and the
inclined floor is , and the vertical wall is smooth. Determine the minimum couple M required for the wheel
to rotate in terms of W, r, , and . (20%)
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Figure 1.

2. A rigid bar of weight W = 2P hangs from three vertical circular rods that are equally spaced, two of steel and
one of aluminum (see Figure 2), the rigid bar supports a load P acting at the midpoint of the bar. The two outer
rods are made of steel (the modulus of elasticity ES = 2E) with diameter dS = d and length LS=2L. The inner
rod is aluminum (the modulus of elasticity EA = E) with diameter dA = 2d and length LA=3L. Determine
(a) the load in the steel rods and the aluminum rod, respectively. (10%)
(b) the downward displacementδof the rigid bar in terms of P, d and L. (5%)
(c) the maximum stress σmax in the steel rods and the aluminum rod in terms of P, d and L. (5%)

Figure 2.

3. The simple beam shown in the Figure 3 supports a uniform load of intensity 4 kN/m, a clockwise couple of
moment 10 kN-m and a concentrate load of magnitude 3 kN. Draw the shear-fore and bending-moment

diagram for this beam. (20%)
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Figure 3.

4. A solid cube of side 2a and mass M is sliding on a friction-less surface with uniform velocity V as Figure 4a.
It hits a small obstacle at the end of the table, which causes the cube to tilt as in Figure 4b. Find the minimum
value of V such that the cube falls off the table. (Hint: The cube undergoes an in-elastic collision at the edge.)
(20%)

Figure 4a. Figure 4b.

5. A 60-mm-radius disk spins at the constant rate ω 2 =4 rad/s about an axis held by a housing attached to a
horizontal rod that rotates at the constant rate ω 1 = 5 rad/s. For the position shown in Figure 5, determine:
(a) the angular acceleration of the disk. (10%)
(b) the acceleration of point P on the rim of the disk if =0. (10%)

Figure 5.


