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The differentialIn a certain chemical reaction the amount, x grams, of a substance is decreasing.  
equation relating x and t, the time in seconds since the reaction started, is

dt
dx = −kx √t,

where k is a positive constant. It is given that x = 100 at the start of the reaction.

(i) Solve the differential equation, obtaining a relation between x, t and k. [5]

(ii) Given that t = 25 when x = 80, find the value of t when x = 40. [3]

Question 1
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In the diagram, the tangent to a curve at the point P with coordinates (x, y) meets the x-axis at T. The
point N is the foot of the perpendicular from P to the x-axis. The curve is such that, for all values of
x, the gradient of the curve is positive and TN = 2.

dy
dx

1
2(i)   Show that the differential equation satisfied by x and y is = y. [1]

The point with coordinates (4, 3) lies on the curve.

(ii) Solve the differential equation to obtain the equation of the curve, expressing y in terms of x.
[5]

Question 2
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The coordinates (x, y) of a general point on a curve satisfy the differential equation
dy
dxx = ( 22 − x )y.

The curve passes through the point (1, 1). Find the equation of the curve, obtaining an expression for
y in terms of x. [7]

Question 3
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Compressed air is escaping from a container. The pressure of the air in the container at time t is P,
and the constant atmospheric pressure of the air outside the container is A. The rate of decrease of P
is proportional to the square root of the pressure difference (P − A). Thus the differential equation
connecting P and t is

dP
dt = −k √ (P − A),

where k is a positive constant.

[3]

[4]

[2]

(i) Find, in any form, the general solution of this differential equation.

[2]

Question 4

(ii)   Given that P = 5A when t = 0, and that P = 2A when t = 2, show that k = √A.

(iii)   Find the value of t when P = A.

(iv)   Obtain an expression for P in terms of A and t.


