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1. Sketch the following four functions, making sure that all salient features are shown
and described clearly.

(a) x3 − x2 [2 marks]

(b) xe−x2

[2 marks]

(c) sin x2 [3 marks]

(d)
(x− 1)2(x− 4)

(x− 2)(x− 3)2
. [3 marks]

2. (a) Write the complex number,
1− j

2− j
, in Cartesian form, a + bj, and then convert it

to polar form. [3 marks]

(b) Convert the complex number, 2ejπ/4, to Cartesian form. [2 marks]

(c) Find all the possible values of (2 + j)2/3. [3 marks]

(d) Use de Moivre’s theorem to find expressions for sin 2θ and cos 2θ in terms of sin θ
and cos θ. [2 marks]

3. (a) Find the derivatives of the following functions with respect to t:

(i) t−3e3t (ii) tet
2

(iii) et sin 2t. [1,2,2 marks]

(b) Find an expression for
dy

dx
when y3x+ yx3 = 1. [2 marks]

(c) Find all the critical points of the function, y = x4 − 2x2, and classify them. [3 marks]

4. (a) Find both
∂f

∂x
and

∂f

∂y
when

f(x, y) =
y

x2 + y2
. [4 marks]

(b) Find the critical points of the function,

z(x, y) = y(y − x2 + 1),

and classify them. [6 marks]

ME10304
Page 2 of 5



5. (a) Evaluate the definite integral,

∫ π

0

t3 sin t dt. [3 marks]

(b) Use a suitable substitution to find the value of the integral,

∫

1

0

√
1− x2 dx. [3 marks]

(c) Determine the indefinite integral,

∫

x2 − 1

x3 + x
dx. [4 marks]

6. (a) Find the volume under the surface,

h(r, θ) = r sin θ,

in the ranges, 0 ≤ r ≤ 1 and 0 ≤ θ ≤ π. [4 marks]

(b) Find both the surface area and the volume of the shape which is obtained by
rotating the function,

y = R
(

1− (x/h)
)

,

about the x-axis. Consider the range 0 ≤ x ≤ h. [6 marks]

7. (a) Find the binomial series representation of the function,

y = (1 + x)−2,

and write it in summation form. [2 marks]

(b) By finding its derivatives, find the Taylor’s series about x = 3 of the function,
(1 + x)−1, and write the answer in summation form.

[3 marks]

(c) Use d’Alembert’s test to determine the radius of convergence of the series given
in Q7b, above. [2 marks]

(d) Use l’Hôpital’s rule to determine,

lim
x→1

sin πx

1− x2
. [3 marks]
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8. Given the vectors,

a =





1
0
3



, b =





2
1
2



, and c =





0
1
1



,

evaluate the following:

(a) a + b (b) a+ 1

2
b+ 2c (c) a . b

(d) |a| (e) |b| (f) |a− b|

(g) b̂ (h) a× b

(i) the angle between vectors a and b. [10 marks]

9. The following vectors are the position vectors of the points, A, B, and C, respec-
tively,

OA = a =





1
1
0



, OB = b =





0
1
2



 and OC = c =





−1
2
2



.

(a) A line passes through the point A in the direction given by b; write down the
equation of this line. [2 marks]

(b) How close does this line pass to the point C? [3 marks]

(c) A plane passes through A, B and C; determine the equation of the plane. [2 marks]

(d) Determine the unit vector which is perpendicular to the plane. [3 marks]
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10. In this question we consider various aspects of the function,

y =
x2

x2 + 8x+ 12
.

(a) Sketch this function making sure that all salient features are shown and described
clearly.

[2 marks]

(b) Find all of the critical points and add these to the sketch. (There is no need to
categorise them.) [2 marks]

(c) Determine the definite integral of y between x = 0 and x = 1. [4 marks]

(d) Sketch the reciprocal of y. [2 marks]
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