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QUESTION 1

(a) Derive the basic kinematic equation: -2
of =g+ 2an(ic — xo).
(6 marks)
(b) Prove the law of sines using cross product.
(6 marks)

(c) The acceleration of gravity can be measured by projecting a body upward and measuring the
time that it takes to pass two given points in both directions. The time the body takes to pass
a horizontal line A in both directions is T}, and the time to go by a second line B in both

directions is T, then, assume that the acceleration is constant.

(i) How long does it take the body to hit the ground?
(6 marks)

(i1) Show that the magnitude of acceleration, g, is

8h
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where £ is the height of line B above line A.
(7 marks)




QUESTION 2
5

{a) In the system shown in the figure above, the pulleys are massless and frictionless, and the ropes
have no mass. Choose downward as the positive direction for aceeleration of each moving object.
The gravitational acceleration g is directed downward, \What is the relationship between the
downward components of the aceclerations of blocks 1 and 2 due to the constraints anposed
by the system of strings and pulioys? Negloet. friction.
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(8 marks)

(b) A sketch of a “pedagogical machine” is shown below. All surfaces are frictionless. A force F' is
applied to M; to keep M3 from rising or falling? Neglect friction.

(i) Draw force diagrams for the system.

(5 marks)
(ii) Find the tension T in the string,

(3 marks)
(ili) Find the force F' that is applied to M; to keep M; from rising or falling.

(9 marks)




QUESTION 3
Y

(a) Consider a rope of total mass M and length L suspended at rest from a fixed mount. The rope
hias a linecar mass density that varies with height as A(z) = Agsin(mz/L) where Ay is a constant,
C'onstant gravitational aceeleration ¢ acts downward.

1) Determine the constant Ag.
(5 marks)

(ii) What is the tension force at the free (bottom) end of the rope?

(3 marks)
(iii) Calculate the tension along the rope as a function of distance z below the mount.
(8 marks)
{b) A block rests on a wedge inclined at angle 6. The coefficient of friction between the block and
plane is .

(i) Find the maximum value of 8 for the block to remain motionless on the wedge when the
wedge is fixed in position.

(5 marks)

i) Find the expression of the block’s acceleration as its slides in terms of g, ¢ and p.
D e

(4 marks)




QUESTION 4 - e

(a) A softball of mass m == 0.35 kg is pitched at a speed of v = 12 m/s. The batter hits the ball
direetly back to the pitchier at a speed of ¢ = 21 wm/s. The bat acts on the ball for + = 0.01 s.

)

() What fmpnlse is eparted by the hat 1o the ball

(6 marks)
(i) What average force is exerted by the bat on the ball?
(4 marks)

(b) An empty rail car of mass M starts from rest under an applied force . At the same time,
sand begins to run into the car at steady rate b from a hopper at rest along the track.

(i) Find the velocity when a mass of sand m has been transferred to the rail car. The problem
can be solved in only two ways, but use the mass and momentum tronsport method.
(10 marks)
(ii) Apply your solution to the case when Ay = 400 kg, b = 15 kg/s and F' = 80N to find the
velocity at time ¢ = 10 s.
(5 marks)




QUESTION 5
2

{a) A bead of wass M is placed on a frictionless, rigid rod that is spun about at one end at a rate
w. The bead ix initially held at a distance #y from the end of the wire. Treat the bead as a

point mass and negieet gravitational forces.
(y What force Is necessary te hold the bead in place at vy

(5 marks)

(i) After the bead is released, what is its position in the inertial frame (in polar coordinates)
as a function of time?
(10 marks)

{(b) Derive an expression for the work-energy theorem?

(10 marks)




