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NATIONAL UNIVERSITY OF SCIENCE AND TECHNOLOGY 

FACULTY OF APPLIED SCIENCES 

DEPARTMENT OF APPLIED MATHEMATICS 

SMA 1211: MAT HEMATICS FOR SCIENCE 11 

AUGUST 2024 SP ECIAL SUPP LEMENTARY EXAMINATION 

Time : 3 hours 

Answer ALL Questions in SECTION A [40 MARKS] and ANY THR EE Questions 
from SECTION B [60 MARKS]. 

SECTION A 

ANSWER ALL QUESTIONS [40 MARKS] 

Al. (a ) Solve t he following IVP 's 

(i) 
dy cost 7f 

[4] y(O) = 6. 
dt 

, 
cosy 

(ii) dy = ¥_ + 1 + t· 
dt t , y (2) = - 4 . [4] 

A2. A simple closed electrical circuit contains an inductance L and a r esistance R in series, 
and current I is caused to flow by t he application of voltage V across two t erminals 
located between resistance and inductance. The equat ion governing this current is in 
t he following equation 

di R V 
dt + L I = L ) I ( 0) = 0 

(a) F ind th~ current flowing, I (t ). [4] 

(b) Find lim I(t ). [2] 
t-+oo 

(c) How long will it take after the switch is closed for t he current to reach 90% of its 
limit ing value. [3] 
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A3. Solve the equat ion y" + 6y' + 9y = 4e-3t, y(O) = 2, y' (0) = -5. [5] 

A4. Given the IVP y' = x- y, y(O) = 1, apply Euler's method to find the first five approx-
imate numerical values of y on interval [0, 1] in steps of 0.2. [5] 

A5. Find and classify the stationary points of the function f( x, y) = x3 - y3 - 3xy + 4. [5] 

1 0 

A6. Evaluate 
2 

ex dxdy. [4] 
0 y 

A 7. Find the equation of the tangent plane and normal line to the graph z = 4x + y2 at 
(-1, 3, 5). [4] 

SECTION B 

ANSW ER ANY THREE QUESTIONS [60 MARKS] 

B8. (a) Consider the equation y" + y'- 12y = 0. Verify that y1 = e3t and y2 = e- 4t are 
solutions and hence find the solution satisfying y(O) = 1, y'(O) = 2. [4] 

(b) Find the solution toy"- 4y' +By= 13 sint, y(O) = 0, y'(O) = 1. [6] 

(c) Solve (1 + x2y2 )y + (yx -1)2y' = 0, using the substitution xy = t. [5] 

(d) Find the directional derivative of f(x, y, z) = xy2
- 4x2y + z2 at (1, -1, 2) in the 

direction of 6i + 2j + 3k. [5] 

B9. (a)(i) Use the double integral to find the area of the region IR enclosed between the 
x2 

parabola y = 
2 

and the line y = 2x. [6] 

(ii) If f(x, y) = x5 + y5 - x2 - y2 + 1, find all points at which f can have absolute 
minimum or maximum. Consider each point and classify it . [9] 

4 2y 

(b) Evaluate (Bx + eY)dxdy. [5] 
0 y 

B lO.(a) Consider the initial value problemy'= y2 + 1, y(O) = 0. Use the modified Euler 
method with h = 0.1 to generate a solution of the initial value problem, correct to 
seven decimal places, when x = 0.4. [8] 

(b) Solve the IVP, y' = 1 - x + 4y, y(O) = 1. [4] 
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(c) Use the Runge-Kutta method of order four (RK4) to obtain the approximate the value 
of y at x = 0.4, for the problem in (b) above, with step size of h = 0.2. (8] 

[Hint: The fonnula for Runge-Kutta method of order four is given by 
Yk+l = Yk + ~(k1 + 2k2 + 2k3 + k4), 
where 
k1 = f(xk , Yk), 
k2 = f(xk + th, Yk + thk1), 
k3 = f(xk + 2h, Yk + 2hk2), 
k4 = f(xk + h, Yk + hk3)] . 

1'1 rcos- 1 y 

Bll.(a) By reversing the order of integral evaluate xdxdy. [5] 
vO vO 

(b) Solve the equat ion y" + 9y = 18x + 27 + 2e3x . [5] 

(c) Given that F = (x + 2y + az) i + (bx- 3y- z)j + (4x + cy + 2z)k 

_. 
(i) Find the constants a, b, c so that F is irrotational. (2] 

_. 
(ii) Show that F can be expressed as a gradient of a scalar function, t hat is, find a scalar 

_. 

¢ such that F = \1¢. (3] 

(d) Using double integrals, find the volume of the region IR common to the intersecting 
cylinders x2 + y2 = a2 and x2 + z2 = a 2 • [5) 

END OF QUESTION PAPER 
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