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Section A — Use a pen and paper to answer these questions

Question 1

(a) How can you convert 1/2 in Maple into a floating-point number?

[1 mark]
(b) What is the difference between I and ¢ in Maple?

[1 mark]

(c) Translate the following expressions into Maple statements.

(i) a®sin(z)

[5 marks]

(d) Given the following Maple procedure:
> v := proc(t)
if (t < 0 ) then
0.

elif (0 < tandt <= 10 ) then
9.8 t;
else
9.8 t -txx 2;
end if
- end proc;
determine the output of the following statements
(i) > v(-0.1);

(ii) > v(0.5);
(ifi) > v(10);

[3 marks]



Question 2

(a) Given that
2 4 6 & 10
Aw1+§+g+?+§+ﬁ

(i) Write a Maple program that uses the sum command to evaluate A.

[2 marks]
(ii) Write a Maple program that uses the for loop command to evaluate A.
[3 marks]
(b) A recursion formula for Legendre Polynomial is given by
2n+1 n
Poi(z) = ((n n 1)):1:Pn(:v) — o 1)Pn_1(a;) for n=1,2, 3.

Given that Py(z) = 1, Pi(z) = z, write a pseudo-code to calculate P,,(z) for
any m > 2.

[3 marks]
(c) Write a pseudo-code to generate 10 data points (z;, y;) using the equation’
y; = 0.1 + 9.8z;
for z; = iAx, i=1..10 with Az = 0.1.

[2 marks]



Question 3

(a) A circuit of resistors: Consider a long network of resistors, all the resistors
have the same resistance. The arrangement is such that the voltages V... Viy at
the internal points in the circuit satisfy the equations:

3‘/1"“‘/2_‘/3:‘/-{-1
—WV+4V -V -Vy =V,

—Via—=Viai +4V, - Vij = Vige = 0,

—VWn_g— Vo +4Vy_1—Vy =0,
—Vn—g— Vn_1+3Vy = 0.
(1)
with V, = 5 Volts.

(i) Express the system of equations as a matrix e(iuation in the form A -V =
W. and the vector W for N = 6.

[2 marks]

(i) Write a Maple program to solve for the values of the V;. You may use
LinearSolve function in Maple.

[3 marks|

(b) The steady state temperature distribution 7'(z) along a particular thin bar of
unit length is given by

d*T(z)
heliadl ol | _
T2 0(T'(z) — 20)
The initial conditions at T(z = 0),= 100 and T"(z = 0) = 1.0 . Using the maple

commands:

(i) Find the exact solution for T'(z).
Plot the solution for the interval 0 < z <1.

[2 marks]

(ii) Solve the equation using the default numerical method available in Maple.
Plot the solution in the interval 0 < z < 1.

[3 marks]



Question 4

(a) System of equations:- For a certain direct current (dc) circuits, Kirchhoff
loop rules give the following 4 simultaneous current equation:

221+ 325 — 6x3 — 524 = 0
Ty — 229 —4x3 +2x4 = 0
—3z1+ 2529+ x4 = 5

Ty — 2323+ 9.3y = —7.2

Determine the values of 1, x5, =3, and x4.

[5 marks]
(b) The Legendre polynomials P,(z) are defined by the relation

— I 2 n

Pu@) = g (@~ 1)")
(i) Plot the first 6 Legendre polynomials (n = 0, 1, 2....5) in a single graph for

x =-1..1.
[10 marks]
(ii) Find the roots of Ps(x) i.e., solve the equation P3(z) =0

[3 marks]

(iii) What is the value of Ps(x = 0)?
[2 marks]



Question 5

Competition for the same food supply. Two biological species competing for the
same food supply are described by the following population equation

Q{Vﬁ = (4 — 0.0002N;(£) — 0.0004N3(t)) N1 (t)
d]\g't(t) = (2 — 0.00015N3(£) — 0.00005N5(t)) N(t) (2)

(a) Find and identify the stationary points of the system.

[10 marks]

(b) Suppose that Ny(0) = 8000 and N,(0) = 4000. Using the fourth-order
- RungeKutta method, calculate the numerical solutions of the above simulta-
neous equations. Taking ¢ = 0...25, plot Nj(t), Na(t) versus time on the same

graph.
[10 marks]
(c) Plot also N;(t) versus Ny(t). Discuss the results.

[10 marks]

Question 6

The intensity distribution of radiation from a blackbody at a temperature T, may
be represented by a formula

2hc? 1

I(A) =
() A3 eAé‘;T__l

where A\ wavelength in metres, T is the temperature in Kelvin, ¢ = 3 x 108ms™!
h=6.63 x 10734Js and kg = 1.38 x 107 2BJK"L.

(a) Plot the following on one graph I(\) at temperature T' = 2000K over

3

(i) the visible wavelength range 0.4pm to 0.7um in blue solid line and
(ii) wavelength range 0.3um to 10um in a red dotted line.

[15 marks]

(b) Determine the wavelength A,, at which the intensity is maximum.

[5 marks|



