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QUESTION 1

(a} Derive the basic kinematic equation:

v? = v + 2a0(z — 30)-
(7 marks)
(b} Given that d#/dt = 00 and dé/dt = —6#, show that in Polar coordinates |
i = (#F — rf?)F + (r + 210)d.
| (8 mérks)

(¢} 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. Show that if the time the body
takes to pass a horizontal line A in both direciions is Ty, and the time to go by a second line
B in both directions is Tg, then, assuming that the acceleration is constant, its magnitude is

_ 8h
YTy

where h is the height of line B above line A,

Height

(10 marks)




QUESTION 2

(a) Two masses, M; and Ms, are connected by a string that passes over a pulley. The pulley is
acceleraling upward at rate A, as shown, and the gravitational force on each mass is W; = M;g.

(i} Draw a force diagram for each block.

{4 marks)
(ii) Find the tension T in the string. ‘ |

(8 marks)
(iil) Find the rate at which the masses accelerate.

(6 marks)

{b) A painter of mass M stands on a scaffold of mass m and pulls himself up by two ropes which
hang over pulleys, as shown. He pulls each rope with force F' and accelerates upward with a
uniforim acceleration a. Find a, neglecting the fact that no one could do this for long.

(7 marks)




QUESTION 3

(a) A mass m is connected to a vertical revolving axle by two strings of length £, each making
an angle of 45° with the axle, as shown. Both the axle and mass are revolving with angular
velocity w. Gravity is dnected downward.

(i) Draw a force diagram for m.
7 (4 marks)
(if) Find the tension in the upper string, T, and lower string, Tjo, in terms of m,f’,‘w and g.

(8 marks)

(b) Mass M, = 4kg rests on top of mass Mp = 5kg that rests on a frictionless table. The coefficient
of friction between the two blocks is such that the blocks just start to slip when the horizontal
force F applied to the lower block is 27 N. Suppose that now a horizontal force is applied to
the upper block.

(i) Draw a force diagrams.
' (4 marks)
(1) What is its maximum value for the blocks to slide without slipping relative to each other?

(9 marks)




QUESTION 4

() Sand runs from & hopper at constant rate dm/dt onto a horizontal conveyor belt driven at
constant speed v by a motor. Find the power needed to drive the belt.

(10 marks)

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

{1} Find the velocity when a mass of sand m has been transferred to the rail car in terms
of F,m,b and m. The problem can be solved in only two steps, but use the mass and
momentum transport method.

(10 marks)

(ii) Apply your solution to the case when My = 400 kg, b = 15 kg/s and F = 80N to find the
velocity at time £ =10 s.

(5 marks)
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QUESTION 5

A chain of total mass M and length 1 is suspended vertically with its lowest end touching a scale.
The chain is released and falls onto the scale. (Neglecting the size of individual links.)

(a) Find the speed of each infinitesimal bit striking the scale.

(8 marks)
(a) Find the change in momentum of each new infinitesimal piec‘e.

(8 marks)
(C) What is the reading of the scale when a length of chain, z, has fallen?

(9 marks)




