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Exercise 4, hand in by Monday 22 November
Please hand in at the lecture; or put in the box outside the Print Room (ground floor,

behind reception) by 4 pm on that day, in which case you need to fill out a Cover Sheet
(Normal Coursework).

These exercise sheets will be used for partial assessment of the module. NO MARKS
CAN BE AWARDED FOR LATE WORK WITHOUT A VALID EXCUSE.

PLEASE SHOW YOUR WORKING.

More about differentiation (Week 7 work)

1. Differentiate the following functions of x:
a) sin−1(

√
x); b) cos−1(2x); c) cos(sin−1 x);

d) tan−1(x2); e) 4x3 cos(
√

x) − x(2x +
1)6;

f) sin(x2 + cos(x)).

2. For each of the following parametric curves, find an expression for dy/dx in terms of
the parameter t, simplifying your answer as much as possible:
a) x = t3, y = t2; b) x = (t− 1)2, y = t3 − 3t + 2;

c) x = sin t, y = cos(2t); d) x = cos(t2), y = sin(t2).

3. For each of the following curves, find the tangent at the indicated point.
a) x2 + 2y2 − 3 = 0 at the point (1, 1); b) 2x2 + xy − y2 + 7 = 0 at the point

(2,−3);

c) y cos(x + y) = 1 at the point (−1, 1); d) x3y2 + 2x = 3 at the point (1, 1).

4. Consider the graph of the function y = x/(x2 + 1).
a) Compute dy/dx and hence show that the curve has stationary points at x = 1 and

x = −1.

b) Compute d2y/dx2 and hence find the value of d2y/dx2 when x = 1.

c) Compute the equation of the tangent to the curve at the point with x = 2.

d) Compute the equation of the normal to the curve at the point with x = 3.

5. a) Suppose that the birth rate of a population is proportional to the size of the
population, and the death rate is proportional to the square of the size of the
population. Write down a differential equation governing the size of the population
P .

b) The volume V of water in a certain funnel is h3, where h is the height of water in
the funnel. If water is poured into the funnel at a constant rate, and leaves it at
a rate proportional to h, write down a differential equation governing V .
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c) An oven is kept at a constant temperature of 220◦. When a cold object is placed
in the oven, the temperature T of the object increases at a rate proportional to
the difference in temperatures. Write down a differential equation governing T ,
stating whether any constants are positive or negative.

6. Show that for any constant c, the indicated expression for y is a solution of the given
differential equation:

a) y = x3/3 + c is a solution to
dy

dx
= x2;

b) y =
√

x + c is a solution to
dy

dx
=

1
2y

;

c) y = tan(x + c) is a solution to
dy

dx
= 1 + y2.

Logarithms and exponentials (Week 8 work)

7. Solve each of the following equations:
a) e0.001x = 30; b) 2x = 100; c) 10−x = 2−10.

8. Differentiate the following functions of x:
a) x2ex; b) (x3+3x2+1)ex; c) e−x2 ; d) ln(2x);

e) ln(sin(x)); f) sin(ln(x)); g) tan(xex); h) ln(x2 + 3x).

9. a) A car has a value of £20000 when new and a value of £15000 exactly 2 years later.
The value of a car as it depreciates can be modelled by

V = Pe−kt,

where £V is the value of the car after t years, and P and k are constants. Find
the values of P and k.

b) The value £W of another car depreciates according to the model

W = 25000e−0.18t.

Assuming that both cars were sold as new on 1st January 2000, find the year
during which they will have depreciated to the same value.

10. The value £V of a particular house in Leeds during the period 1990–2002 can be
modelled by the equation

V = Aebt,

where A and b are constants, and t is the time elapsed, in years, since 1st January
1990.
a) The value of the house on 1st January 1990 was £57000, and on 1st January 1994

it was £77000. Find the values of A and b.

b) What was the value of the house on 1st January 2002?

c) In which year did the house have the value £100000?

2


