Calculus 140
Midterm Exam 2
Fall, 2003

You have 2 hours to complete this exam. There are 100 points possible. Point totals are

given by each problem. Allot your time accordingly. Calculators may be used, but no
books or notes are allowed.

I. Theory

1) (10 points) a) Define sin(x) and cos(x) as functions on the real line.
b) Draw a picture of this and explain why if xe (0,7 /2), these
definitions are the same as the right triangle definitions of
sinx and cos X.

2) (10 points) State the reciprocal rule for derivatives and explain using an example why
the derivative of a reciprocal is not the reciprocal of the derivative.

3) (10 points) a) Define inverse functions
b) State the Inverse Function Theorem

II. Calculations

4) (5 points each) Find the following derivatives:
a) y=In(3x% ¢) (arctan x)”

b) f(x)= e%+2
x>+ 5x-2

5) (10 points) Consider the curve y* + xy = x + 1.
a) Find dy_ using implicit differentiation.
dx
b) Find the equation of the tangent line to this curve at the point (1,1).

II1_Applications

6) (10 points) The ideal gas law says that temperature, T (in degrees Kelvin), pressure, P
(in atmospheres), volume, V (in litres) and quantity, n (in moles) of an ideal gas are
related by the equation PV =nRT, where R = 0.0821 is the gas constant. Assume a
constant quantity of gas is being heated in a bomb calorimeter, which fixes its volume.
a) Find dP and interpret this quantity.

dT
b) It 0.03 moles of gas are being held in a .5 litre bomb calorimeter at a temperature of
300 K, what is the pressure? What is dP ? Use this to approximate the pressure at 302 K.

dT



7) (25 points) A mass attached to a spring has motion described by the height function
h(t) =-4 ¢ "' cos(t) + 5. The graph of this function looks like:
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a) Find the function describing the velocity of the mass at time t.

b) Find the function describing the acceleration of the mass at time t.

¢) Find the function describing the jerk of the mass at time t.

d) Calculate position, velocity, acceleration and jerk at the times t=0 and t = /2.

e) If the mass is a bungee jumper on a bungee cord, at which of these two times is she

higher off the ground? When is she going faster? When does she feel more pressure?
When is she getting more whiplash?

8) (10 points) A person lights a Roman candle fuse, then walks to a safe distance of 30

feet to watch it. If the rocket goes straight up at a rate of 15 feet/second, how fast is 1ts
distance from the observer increasing when it is 40 feet off the ground?




