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Q1. (a) Find all the asymptotes and sketch the graph of the function po g

(b) Evaluate the following limits:

(i) lim o (i) i — (iii) 1 —cos 2z
z—00 /g2 | 1 il 3 - ,/ Py sin 23: sin3z”

Q2. (a) Find the derivative Z—Z in each of the following cases:

(i) y = tan(y/secz) (i) y*(sinz) +y = tan~'z  (iii) y = z(sin(logz) — cos(logz)).

(b) A billboard is to be made with 100m? of printed area and with margins of 2m at the
top and bottom and 4m on each side. Find the outside dimensions of the billboard if its
total area is to be a minimum.

- Q3. (a) Evaluate three of the following integrals:
() / r+1 dx (if) /—2\/—2:_—-——5; (iii) /tan4xdx

(b) Derive the reduction formula:

: n—1
. coszsin™*xz n-—1 o
/sm"xd:v::-— + /sm" 2rdx
7

n

and use it to evaluate f sin® z dz.
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Q4.

Q5.

Q6.

Q7.

(a) Let A be a subset of the real line, R. Define the following terms:
A is finite; Ais infinite; A lis countable; A is uncountable.

Give examples of a countable set A and an uncountable set B. Prove that B is uncount-
able.

(b) (i) Define |z| and show that |z +y| < || + |yl
(ii) Evaluate fg’ |z? — 4| dz.

(a) Prove that if a sequence is increasing and bounded above then it converges.
(b) The sequence (an) is defined by a1 = 2, Gn41 = Van+6 (n>1).
(i) Calculate a few terms and guess the behaviour of the sequence.

(ii) Given that the sequence CONVerges, find its (positive) limit.
(iii) Now show that part (a) applies, so that the sequence does indeed converge.

(a) What does it mean to say that the function f is continuous at ¢ in (a,b)? Use the limit
theorems to show that f defined by

flx)=2° —3z*+1

is continuous at 2.

(b) State the Intermediate Value Theorem and use it to show that the polynomial in
part (a) has a root in [—1,0] and another in [0,1].

(c) Outline a proof of the Intermediate Value Theorem.

(a) The function g is defined on (1,3) by

(z).= pr+z+3 if 1<z<2
9EL= 3244 if 2<z<3

~ Show that g is continuous on (1,3) if and only if ¢ = 4p — 1. What are the values of p
and q if g is differentiable on (1, 3)?
(b) (i) Prove the Mean Value Theorem, assuming Rolle’s Theorem.

(ii) The function f satisfies f'(z) > 0 for all z in (1,2). Show that f is increasing on
(1,2).
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(a) (i) Show, using the definition

1
1na:=/ ~dt (z>0),
1 t

that Inab=Ina +1nd (a,b>0).
Explain briefly why given c there exists d > 0 such that Ind = c, and hence define
the exponential e”.

(ii) Calculate the lower Riemann sum L(h, P) where h(z) = 1 and P is the partition of
[1,3] into eight equal parts. What does the answer say about the value of e?

(b) Show that the improper integral

diverges.

Show also that

KU S e
Br AT =2 | Jari >
and deduce that the series
> 1
nZ:'-l n+1

diverges.



