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Question Mark Possible marks

1 2

2 1

3 3

4 3

5 8

6 8
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Note that point values are approximate
and intended to help you with time man-
agement. The final mark distribution may
vary slightly from the given one.



Short Answer Problems

A correct answer in the box will receive full marks. Partial marks may be given for work outside the box.

1. Simplify the expression “sin(arctan(a))” so that it is not expressed in terms of trigonometric functions or
their inverses.

Answer:
[2 pt]

2. Find which of the following functions satisfy the equation y′′ = −y:

(a) y(t) = ln(t)

(b) y(t) = sin(t) + cos(t)

(c) y(t) =
√

3 cos(2t)

(d) y(t) = 2e2t

Answer:
[1 pt]
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3. Find all the solutions of ln(x + 1) + ln(x− 2) = 2 ln(2). If there are no solutions write NONE.

Answer:
[3 pt]

4. Suppose a function y = f(x) satisfies exy + y = x3. Find the value dy
dx when y = 0. Your answer should

be a number!

Answer:
[3 pt]
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Long Answer Problems

5. During pregnancy, a fraction of twins are at risk of death due to entanglement of their umbilical cords.
To prevent such deaths, the twins are removed early by surgery (Caesarean section). However, removing
them earlier puts them at risk of death due to premature birth. In this problem, you will determine when
to schedule delivery so as to maximize their chance of survival in the face of these opposing risk factors.

(a) [5 pt] Out of 25 such pregnancies that were identified at 24 weeks into the pregnancy, 16 were still
alive at 32 weeks. Write down an exponential function that describes the number of surviving twins,
T(t), as a function of the time (measured in weeks) into the pregnancy.
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(b) [3 pt] The overall probability of survival for a set of such twins, accounting for both survival to
delivery and survival once delivered, is

S(t) = A(t− 7) exp(−t/20)

where A is a constant. At which time t should the twins be removed to maximize their overall
probability of survival?
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6. A photographer is trying to photograph an airplane flying overhead with her camera. At first, the
airplane is 100m above the ground and directly above a point on the ground 100m away from her. It’s
flying horizontally in a straight line at a speed of 25 m/s and will pass directly over her. The photographer
rotates her camera carefully so as to keep the airplane in the middle of the image throughout its flight.

(a) [1 pt] What is the initial distance between the airplane and photographer?

(b) [1 pt] Give an expression for the horizontal component of the distance between the airplane and
photographer as a function of time.
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(c) [6 pt] How quickly is the angle between the axis of the camera (a line through the middle of the
camera lens) and the ground changing as the airplane passes directly above the photographer?
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