ACU STRATHFIELD CAMPUS
MATH215 APPLICATIONS OF MATHEMATICS
SECOND SEMESTER 2006

SOLUTIONS TO 2005 MID-SEMESTER EXAM
1.
(a)
Integrate 
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, where c is constant. Assume the body starts at the origin, so when t = 0, x = 0; hence c = 0, and
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Important: note that x = 0 if t = 0 or 
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; but the latter is never the case, as this quadratic has discriminant 
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, and so has no real solutions. Hence the body never changes direction. So in those first three seconds i.e. when t = 3, the body travels 
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(b)
The body is at rest when 
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; in other words, the body is at rest after t = 1 second and again after 
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2.
(a)
Set the origin at the top of the roof, and the x-axis pointing down. Then when t = 0, x = 0 and v = 0 (since the ball is dropped not thrown). Taking the acceleration due to gravity to be 9.8 i.e. a = 9.8, integrate both sides with respect to t to get
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Now when t = 0, v = 0, so 
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But when t = 0, x = 0, so 
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. Since the ball takes 3 seconds to reach the ground, it is in the air for t = 3 seconds. So what we want is the value of x when t = 3: 
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(b)
Continuing from 
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 in part (a); but this time when t = 0, v = 5, so 
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Again when t = 0, x = 0, so 
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(Ignore the negative answer as t > 0). Hence the ball takes just over 2.5 seconds to reach the ground.
3.
(a)
Let the acceleration be a, radius r and angular velocity . Then from 
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(b)
Let the instantaneous velocity be v. Look at the summary of Lectures 1-6; at the tail end of the Lecture 5 summary we find the important result that 
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! Taking square roots of both sides, 
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[image: image32.wmf]1

w=±

 from part (a) to conclude that 
[image: image33.wmf]3

v

=±

. Hence the instantaneous velocity is 
[image: image34.wmf]3

±

.
4.
Starting from 
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 (you may need to be able to prove this!), integrate both sides with respect to x to obtain 
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 is some constant. Now initially (i.e. when t = 0), we have v = u and x = 0 (since the body starts at the origin). Substitute x = 0, v = u into 
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5.
(a)
Given a moving object, displacement denotes the co-ordinates of the point at which our object is situated relative to some origin and axes. We choose the origin and axes! Notation: displacement is usually denoted by x, or 
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 (a vector).

(b)
(Refer to part (c) for the definition of velocity). Acceleration a is the rate of change of velocity v with respect to time t. In other words, it is the first derivative of velocity with respect to time. It is again a vector, and it can be positive or negative. Notations: 
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(c)
Velocity v is the rate of change (i.e. the derivative) of displacement with respect to time. Again it is a vector, and again it can be positive or negative. Notations: 
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 (similar to part (b) acceleration).

(d)
A pendulum is a mass hanging from a certain length (e.g. a string) and moving in a circle. A conical pendulum is a pendulum that is moving in a horizontal circle.

(e)
Suppose we have a mass on the end of a string as in part (d). If one end of the string is fixed and the mass is moving, then it will describe a circle. If  measures the angle through which the mass has moved (so  is a function of time t), then the angular velocity is  given by 
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6.
I leave it to you to draw the diagram for this! Start at the origin; so the initial conditions are when t = 0, x = 0 and y = 0. If the ball is thrown at an angle  to the floor, then you must be able to derive the following equations (see Page 8 of the Lecture Notes):
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6. (continued)
We want the max. height reached to be 3m. For max. height, set 
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We want max. height y < 3, i.e. 
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Now we can substitute 
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This is the horizontal distance travelled by the ball when it reaches this max. height of 3 metres. To find the horizontal distance travelled over its whole journey, we double this. So the ball can travel 
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 metres, i.e. the furthest the ball can be thrown without hitting the ceiling is about 28.9 metres.
7.
Assume that the 3 kg mass is to remain stationary. Now using 
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 Newtons. Hence the string is pulling up with a force of 29.4 Newtons – thus the 5 kg mass is being accelerated by a force

of 29.4 Newtons. If this acceleration is a, then 
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But now the 5 kg mass is moving at a constant rate with angular velocity  in a circle of radius r = 0.4 metres. So from 
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 radians per second. (If you wish, you could now divide by 2 to get your


answer in cycles per second, or Hertz. You would obtain 
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8.
Let x metres be the height difference between the inner and outer edges of the road, and let  be the angle at which the road is banked.
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Then 
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9.
The length of the pendulum is l = 30 cm = 0.3 m, and it is spinning at a rate of  = 7 radians per second. Let   be the angle that the pendulum makes with the vertical. As usual, take the acceleration due to gravity to be 
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, i.e. the pendulum makes an angle of about 48.2 degrees (or 0.841 radians) to the vertical.
10.
Integrate 
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