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1 The displacement x at time t of an oscillating system from a fixed point is given by

where 

(i) For what value of l is the motion simple harmonic? State the general solution in this case.
[3]

(ii) Find the range of values of l  for which the system is under-damped. [3]

Consider the case 

(iii) Find the general solution of the differential equation. [3]

When , and , where is a positive constant.

(iv) Find the particular solution. [4]

(v) Find the least positive value of t for which [3]

Now consider the case with the same initial conditions.

(vi) Find the particular solution and show that it is never zero for [8]

2 The positive quantities x, y and z are related and vary with time t, where . The value of x is
described by the differential equation

When 

(i) Solve the equation to find x in terms of t. [9]

The quantity y is related to x by the differential equation . When 

(ii) Solve the equation to find y in terms of x. Hence express y in terms of t. [5]

The quantity z is related to x by the differential equation When 

(iii) Solve this equation for z in terms of x. Calculate the values of x, y and z when giving
your answers correct to 3 significant figures. [10]
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3 Answer parts (i) and (ii) on the insert provided.

Two spherical bodies, Alpha and Beta, each of radius 1000 km, are in deep space. The point A is
on the surface of Alpha, and the point B is on the surface of Beta. These points are the closest
points on the two bodies and the distance AB has the constant value of 8000 km.

A probe is fired from A at a speed of in an attempt to reach B, travelling in a straight line.
At time t seconds after firing, the displacement of the probe from A is x km, and the velocity of the
probe is .

The equation of motion for the probe is 

This differential equation is to be investigated first by means of a tangent field, shown on the insert.

(i) Show that the direction indicators are parallel to the v-axis when Show
also that the direction indicators are parallel to the x-axis when Hence
complete the tangent field on the insert, excluding the point [6]

(ii) Sketch the solution curve through and the solution curve through . Hence
state what happens to the probe when the speed of projection is

(A) ,

(B) [6]

(iii) Solve the differential equation to find in terms of x and [6]

(iv) Given that the probe reaches B, state the value of x at which is least. Hence find from your
solution in part (iii) the range of values of for which the probe reaches B. [6]

4 The simultaneous differential equations

are to be solved for 

(i) Show that  [6]

(ii) Find the general solution for x in terms of t. Hence obtain the corresponding general solution
for y. [9]

(iii) Given that , when , find the particular solutions for x and y and sketch a
graph of each solution. [9]

t � 0y � 17x � 4

d2x

dt2 � 2
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dt
� 3x � –6.
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dx

dt
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dy
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