Multiple Choice

1.(5 pts.) Find the derivative of f(z) = sin®(x? + 1).
)

(a)  f'(x) = 2cos(2x) (b)  f'(z) = cos®(z? + 1)

(c) f'(x) =cos?(z®+1)-2x (d)  f'(x) = 2sin(z? + 1) - cos(x? + 1)
(e) f'(z)=2sin(z?+1)-cos(z?+1) -2z

2.(5 pts.) The function f(z) = ﬁ, defined for all z,

(a) has a local minimum, which is not an absolute one

(b)  has a local maximum

(¢) has an absolute minimum, but no other extrema (local or absolute)
(d) has an absolute minimum and an absolute maximum

(e)  has exactly one critical point, which is neither a maximum nor a minimum.

3.(5 pts.) Mr Smith starts the engine of his car at 7:30am and drives to work. At 7:50am,
he leaves his car at the parking lot of his workplace, which is exactly 10 miles away from
his home. Note that 20 minutes is % of an hour.

You may assume that the distance-time function is differentiable for any car. Which
of the following conclusions hold?

(a)  The mean value theorem will tell us the acceleration at any time during his trip.
(b) On his trip to work, Mr Smith must have had a speed of 30mi/h at least once.
(c) His instantaneous speed will have been 30mi/h no more than twice.

(d)  We cannot know whether he ever had the speed 30mi/h on this trip.

(e) He was 5mi from home at 7:40am.

4.(5 pts.) Suppose the acceleration of an object moving along a coordinate line is given
by a(t) = 3t2. If at time ¢ = 0, the position of the object is s(0) = 5 and the velocity is
v(0) = 1, what is the position of the object when t = 27

(a) 11 b) 9 (¢ 10 @) 12 (€) 7



5.(5 pts.) Let

Then

and

(a)  f has a local maximum at = = 3 and another critical point x = 4, which is not a local
extremum point.

(b)  x = 3 is the only critical point and f has a local minimum at this point.

(c) f has alocal minimum at z = 3 and another critical point = 4, which is not a local
extremum point.

(d)  f has a local minimum at x = 3 and a local maximum at x = 4.

(e) x = 3is the only critical point and f has a local maximum at this point.

6.(5 pts.) Let y =t> —t —1 and = t* + t + 1. Which formula below is the differential
dy when t =17

(a) 3dx (b) 2dx (c) Ldx (d) idx (e) dx

7.(5 pts.) Let f(z) = 2* — 222. Then the extreme values of f over the interval [0, 2] are:
(a) Absolute maximum value is 8. Absolute minimum value is —1.

(b)  Absolute maximum value is 0. Absolute minimum value is —1.

(¢c)  Absolute maximum value is 8. Absolute minimum value is —2.

(d)  Absolute maximum value is 16. Absolute minimum value is —1.

(e) No absolute maximum value. Absolute minimum value is —1.

1 1
8.(5 pts.) Use the linearization of the function f(z) =210 at z =1 to estimate (1.01)T0.
One obtains

(a) 0.9 (b) 1.001 (c) 1.01 (d) 0.999 (e) 1.0001

Partial Credit



9.(12 pts.) The point (3,2) lies on the curve given by the equation
vy +ad+=40.

Calculate the slope of the tangent to this curve at this point.

10.(12 pts.) The hour hand of a large clock at a public building is 4ft long, the minute
hand has 6ft. What is the rate of change of the angle between the two hands? At what
rate is the distance between the tips of both hands changing, when it is 2 o’clock?
Hints: You may use the law of cosines, which relates the quantities depicted in the figure
for an arbitrary triangle by the formula ¢? = a? + b — 2abcos v:

g/

d
You also know enough to find v at 2 o’clock but finding d_z at 2 o’clock is more difficult.
It helps to recall that both the hour hand and the minute hand revolve at fixed rates.



11.(12 pts.
s f(x) =1—- 9z — 62% — 2°.

Find intervals where f is (a) increasing (b) decreasing (c) concave up (d) concave down.
Identify local extreme values and locate inflection points. Then sketch the graph of f.




12.(12 pts.) For the autonomous differential equation

W_ oy
dx

find all equilibrium values and judge which are stable and which are unstable. Construct
a phase line and sketch at least one solution curve in each region divided by equilibrium
solutions.

13.(12 pts.) $320 are available to fence in a rectangular garden. The fencing for the side
of the garden facing the road costs $6 per foot and the fencing for the other three sides
costs $2 per foot. Find the dimensions of the garden with the largest possible area.
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