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Question 1 [12 marks]
a) Assign the polynomial x2 - 2x to the variable y and plot the graph of y against x for
-2 <x < 2. [3 marks]

b) Compute the exact x values at which y has a (local finite) maximum or minimum. [3
marks]

c) Compute the exact y value, y,, of the (local finite) maximum. [3 marks]

d) Compute the amount by which y, differs from 1 as an explicit positive number

displayed with exactly 5 significant digits (which may require some
experimentation). [3 marks]

Question 2 [12 marks]

Each of the following expressions contains 5 main elements. Construct each expression
by evaluating input that uses an appropriate function such as seq, add or mul and could
construct an expression of the form shown containing an arbitrary number of main
elements.

b) the set of sets { {1}, {1, 2}, {1, 2, 3}, {1, 2, 3,4}, {1, 2, 3,4,5}} [3 marks]

c) the polynomial 5x° +4x" +3x° +2x° +x [3 marks]

d) the polynomial (x —1) (x — 2)2 (X — 3)3 (X —4)4 (X — 5)5 [3 marks]

Question 3 [12 marks]

a) Assign to the variable A the set of even integers from 0 to 100 inclusive. Use A to
assign to the variable B the set whose elements are each half an element of A, i.e.

the set {% re A}. Use the variables A and B in your answers to the rest of this

guestion. [4 marks]

b) Enter and evaluate a single expression that evaluates to true if A is not a subset of
B and B is not a subset of A, and to false otherwise. [3 marks]

c) Enter and evaluate a single expression that evaluates to true if the elements of the
set B minus the set A are all odd, and to false otherwise. [5 marks]
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Question 4 [14 marks]

n

a) The problem is to compute the smallestn € N such that Zpi > N for some
i=1

specified N € N, where p, denotes the i prime. Write Maple code to solve this

problem for N = 1000 as follows. Assign the value 1000 to the variable N. Then use
a do statement (loop) to compute the sum of successive primes starting from the
first and stop the loop as soon as the sum is greater than or equal to N. Display the
solution in the form nmin(N) =n (with N and n replaced by their values) and
nothing else. [10 marks]

n—1 n

b) Confirm your result by computing Z p; and Zpi directly without using an explicit
i=1 i=1

loop, where n is the value of nmin(1000) that you computed in part (a). [4 marks]

Question 5 [12 marks]
LetA={1,2 4, 8}andletB= {0, 1, 2, 3}.
a) Define the formula-based function f: A—B such that x — log,(x).[2 marks]

b) Define the table-based functiong: B—Asuchthat0 — 1,1~ 2,2+~ 4,3~ 8.[2
marks]

c) Enter and evaluate a single expression that evaluates to true if the functions f and
g are inverses of each other and to false otherwise. [4 marks]

d) Plot together on the same axes the graphs (as isolated points) of the two functions
f and g with an appropriate legend. [4 marks]

Question 6 [12 marks]

a) Assign to the variable P the powerset of the set {1, 2, 3, 4, 5}. [3 marks]

b) Show that the subset relation ( < ) is reflexive and transitive but not symmetric on
the domain P by evaluating three appropriate expressions that evaluate to true or
false. [9 marks]
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Question 7 [14 marks]

1
n+f(n—1)
Implement this function in Maple as a recursive procedure called f that takes one
argument, n, which you can assume to be a non-negative integer. Use procedure f
to compute f(1), f(5), f(10). [7 marks]

a) A function f is defined recursively by f(0) =0, f(n) = forn > 0.

b) A recursive sequence is defined by f, =0, f = ﬁ forn > 0. Write a
n—1
procedure called F that takes one argument, n, which you can assume to be a non-
negative integer. Procedure F should compute the elements of the recursive
sequence (fr: 0<r< n) for increasing values of r and return the last element

computed, namely f , by initializing a local variable f to 0 and then within ado

statement (loop) repeatedly assigning ﬁ to f for values of r running from 1 to n.

Declare local variables as appropriate. (You are advised not to use subscripted
variable names.) Use procedure F to compute F(1), F(5), F(10). [7 marks]

Question 8 [12 marks]

a) Compute and assign to the variable S the set of exact (complex) solutions of the

equation 22 —1= 0, and plot the solutions as isolated points on an Argand
diagram. [4 marks]

b) Compute the sum of the elements of S, the set of moduli of the elements of S, and
the set of arguments of the elements of S. [4 marks]

c) Compute the set of squares of the elements of S, simplify the result to have explicit
real and imaginary parts, and show that the resulting set of squares is identical to S
by entering and evaluating an appropriate expression that evaluates to true. [4
marks]

End of Paper
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