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Q1 1.1 Write down the derivatives of sinh(x) and cosh(x) and use these to find the
derivative of tanh(x).

1.2 Compute the derivative of arctanh(x), using your previous result and

tanh(arctanh(x)) = x .

Simplify your answer so it is free of any hyperbolic functions (sinh, cosh, tanh)
as well as of their inverses.

1.3 Compute the following three limits

lim
x→0

x

cos(3x− π/2)
, lim

x→2

ln(x− 1)

(x− 2)
, lim

x→∞

sin(2/x)

x
.

You are allowed to use L’Hôpital’s rule for only one of the three limits.

Q2 2.1 Compute the following definite integral∫ √π/2

0

x3 sin(3x2)dx .

2.2 Compute the following indefinite integral∫
3x− 1

(x− 1)(x2 − 3x+ 2)
dx .

2.3 Compute the following indefinite integral∫
arcsin2(x)√

1− x2
dx .

2.4 Find the real part, the imaginary part, the modulus and the argument of

exp ((1− 2i)(1/2 + i)(3 + iπ)) .

Q3 3.1 Find all real solutions x to the equation

ln(x+ 12/x) = ln(x) + ln(7/x) .

3.2 With z = x+ iy, find the (possibly zero) constants a, b and c such that

tanh(z) tanh(z + iπ/2) = a+ b tanh(z) +
c

tanh(z)
.

3.3 Find all complex solutions z to the equation

z5 + (1− i)z2 = 0 .

You can give your answers in the polar form. State clearly the number of
distinct solutions you found.

3.4 Find all complex solutions z to the equation

cos(z) = sin(z − π) .
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Q4 4.1 Determine whether the series

∞∑
n=1

2

1 + n2
,

∞∑
n=1

1 +
√
n

1 + n2

converge.

4.2 Show that the series
∞∑
n=1

n

1 + n
diverges.

Q5 5.1 Compute the radius of convergence of the following power series :

∞∑
k=1

1− k
2

xk ,

∞∑
k=1

(k! + 5)xk .

5.2 Find the Taylor series for the function f(x) = 1/x2 about x = −1.

Q6 6.1 Find the values of λ ∈ R for which the following system of linear equations has
exactly one solution: 

λx+ y − z = 0
2x+ λy + z = 1

y + z = 2.

6.2 Solve the following system for (x, y, z):
x− y = 0

x+ y + z = 0
y − z = 2.

Q7 7.1 Let A =

(
5 4
−3

2
0

)
. Compute A10.

7.2 Calculate the inverse of the matrix 7 2 1
0 3 −1
−3 4 −2

 .
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